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Preface

This book is the culmination of the authors’ 65 years of
combined experience practicing clinical vererinary neurology
and neurosurgery, teaching neurology to veterinary students, and
providing general practitioners with hundreds of hours of phone
consultations and continuing educarion in neurology. All the
authors have been in general small animal practice at some time
in their careers, and this book was designed as a practical, quick
reference handbook of common neurologic problems for the busy
small animal pracritioner.

The first section is a review of the clinical approach to patients,
the neurologic examinartion, and an overview of lesion localiza-
tion. The following sections begin with a chief complaint,
definitions related to the problem, the location of the lesion, and
the differential diagnosis. The frequency of occurrence of each
disorder is indicared, and the focus of the text is on common and
occasional disorders. Rare disorders are usually listed in a table or
presented in a brief paragraph at the end of the section for
completeness. For each problem, important historical questions,
abnormal physical and neurologic examination findings and
applicable diagnostic tests are inirtially reviewed. Finally, the
important diagnostic, therapeuric, and prognostic features of
each disorder are presented.

Many sections have quick—reference, emergency treatment tables
with specific drugs and doses. Charts of lesion localization,
common treatment approaches, and nursing care and physical
therapy are also included. Other treatments are bolded in the
discussion for repeated quick reference. Warning boxes are
placed throughout the text, emphasizing problems in specific
situarions that occur in practice. Advice to owners for special
situations can be found in other rables. A companion CL) is
available. Please see “Some Helpful Hints” on page 3.

As in other specialties, all neurologists may not agree on diag-
nostic criteria, treatments, and prognoses for various disorders,
and the informarion in this book is based on the scientific litera-
ture as well as our combined clinical experience. It was our
intent to have this book live up to its name “Neurology Made
Easy” for the small animal practitioner. It is our wish that this
handbook will be a useful practical guide to help veterinarians
deal more effectively with small animal neurclogic patients and
clients and be an educated part of the team when assistance from
a specialist is required.
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Introduction

The goals of this book arc to be a quick reference

2asy o use rext 'F(‘.IT T].'I-I;"'. gE'I'I.EI'E]]. FT:-IEl'il'i.{‘.ll'll_‘I'.

Some Helpful Hints

The following icons are used in this book to indicate important
concepts:

v Routine. This feature is routine, something you should know.

¥  Important. This concept strikes at the heart of the matter.

fr Key. This concept is a key one and is necessary for full
understanding.

& Something serious will happen if you don't remember this,
possibly resulting in the loss of both patient and client.

¥ Stop. This doesn't look important but it can really make a

difference when trying to sort our unusu:al situations.

@ A companion CD is available for purchase by calling
877-306-9793. The CD contains the full texr, ﬁgl.lt‘{_'::i, and
tables of this book formartted for easy search and retrieval.

In addition, the CD contains Section Specific case studies and

teaching videos.



Neuroanatomy

= The nervous system (Figure 1-1) is composed of billions of
neurons. Each neuron consists of a cell body with one or more
processes known as dendrites and axons. Dendrites bring information
to the cell body, and another process, known as an axon, transmits
information to other neurons or muscles. Neurons connect and form
electrochemical circuits that receive and transmit electrical signals
and ensure proper function of all body systems.

v" Glial cells cutnumber neurons in the nervous system and
consist of three main types: oligodendrocytes, astrocytes, and
microglia. The glial cells surround the neurons and perform many
important funcrions, such as strucrural support, myelination,
formation of the blood-brain barrier, regulation of metabolic
function, and immunologic defense.

Figure 1-1 The major divisions of the nervous system.



f—r The central nervous system (CNS) consists of the brain and
spinal cord. The protective covering of the CNS, called the
meninges, consists of three layers: the dura mater, arachnoid
membrane, and pia mater. The area between the arachnoid
membrane and pia mater is the subarachnoid space.

B~ Cerebrospinal fluid (CSF) surrounds the CNS in the
subarachnoid space. CSF is also found inside the CNS in a series
of four connecting cavities within the brain, known as ventricles,
and a central canal in the spinal cord. CSF is produced inside
the ventricles by structures known as the choroid plexuses and
flows caudally into the subarachnoid space where it is absorbed.
CSF provides structural and metabolic support and environ-
mental protection for the CNS.

f—r The peripheral nervous system (PNS) connects the CNS to
the rest of the body and is formed by neurons entering and leaving
the brainstem (cranial nerves) and spinal cord (spinal nerves).

= The brain resides within the protective covering of the skull
and consists of the cerebrum, cerebellum, and brainstem. The
brainstem is subdivided from rostral to caudal into the dien-
cephalon (includes the thalamus, epithalamus, subrhalamus, and
hypothalamus), midbrain, pons, and medulla oblongata (Figure 1-
1). Cranial nerves are associated with specific brain or brainstem
regions and form the PNS of the head. There are 12 pairs of
cranial nerves.

fr The spinal cord resides within the protective covering of
the bony vertebral column. Spinal nerves enter and exit between
the vertebrae ro form the PNS of the rrunk and limbs. The
spinal cord and corresponding nerve roots (the most proximal
part of each spinal nerve) are divided into 8 cervical (C), 13
thoracic (T), 7 lumbar (L), 3 sacral (5), and usually 5 or more
caudal (Cd) segments. Each vertebra, spinal cord segment, and
group of nerve roots is numbered as follows: C1-8, T1-13, L1-7,
S1-3, and Cd1-5. Thus, C2 means the second cervical vertebra,
spinal cord segment, or nerve root and L5 means the fifth lumbar
vertebra, spinal cord segment, or nerve roor.

f—r The spinal cord segments and nerve roots do not directly
align with the vertebrae of the same number. There are eight
cervical spinal cord segments and nerve roots and only seven
cervical vertebrae. The nerve roots C1-C7 enter and exit the
spinal canal along the cranial edge of the vertebrae of the same
number, and nerve roots caudal to C8 enter and exir along the
caudal edge of the vertebrae of the same number. The spinal cord



segments generally lie slightly cranial to the vertebrae of the
same number except from T11-L3 (Figure 1-2). Caudal to L3,
the spinal cord segments shorten and end ar approximately the
L6 vertebra in dogs and the L7 vertebra in cats. The collection
of nerve roots from L7-Cd5 conrinues in the vertebral canal and
forms the cauda equina. The neurologic examination localizes
the lesion to certain spinal cord segments and nerve roots, but
the corresponding vertebral localization must be considered in
l]TdET tiy rﬂdiugnlph I:I._Il'_" COIrect arca.

Figure 1-2 The correlation of the spinal cord segments and vertebrae in the dog.

v The foramen magnum is the caudal opening in the skull ar the
junction of the brain and spinal cord. Lesions may be localized
above the foramen magnum (brain) or below the foramen magnum
(spinal cord, nerve roots, peripheral nerves, and muscles).

= Sensory, or afferent, nerves of the PNS and CNS transmit
special sénses such as olfacrion, vision, equilibrium, hearing, and
taste as well as the somatic senses of touch, pain, temperature,
and proprioceprion (Figure 1-3). The PNS sensory nerves receive
stimulation either directly or from special receptor cells. The
stimulus is then transmitted to their cell bodies locared in PNS
ganglia. Sensory nerve axons enter the CNS and connect with
nuclei (groups of neuronal cell bodies in the (CNS) in the
brainstem or spinal cord. CNS sensory neurons leave the nuclei
and ascend to the brain in organized sensory tracts often named
by where they begin and end. Examples include the spinocere-
bellar rract (beginning in the spinal cord and ending in the
cerebellum) or the spinothalamic tract (beginning in the spinal
cord and ending in the thalamic portion of the diencephalon).
The main sensory tracts of the spinal cord are shown in Figure 1-4.
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Figure 1-3 Color lllustration of the relationship of the sensory nerves and
pathways and upper motor neurons and lower motor neurons as well as the
reflex arc (sensory nerve, dorsal root, interneuron, ventral root and lower

motor neuron).

B—r Motor or efferent nerves are responsible for the movements of
all skeleral and smoorth muscles. Motor nerves originate in the nuclei
of the cerebrum and brainstem and descend through organized tracts.
These tracts are often named by where they begin and end, such as
the vestibulospinal tract (beginning in the vestibular nuclei of the
medulla oblongara and ending in the spinal cord). The main motor

tracts of the spinal cord are shown in Figure 1-4.
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Figure 1-4 Color illustration of the major sensory and motor pathways in the
spinal cord.

v Upper motor neurons form the motor tracts (Figures 1-3 and 1-4).

v" Lower motor neurons form the peripheral nerves thar
innervate the skeletal and visceral muscles (Figure 1-3).

v Interneurons connect the upper and lower motor neurons
within the brainstem and spinal cord and are often part of the

reflex arc.

v Gray matter is prirn:-iril',r composed of neuronal cell bodies and
their dendrites within the CNS (Figure 1-4).

v White matter of the CNS is primarily composed of axons (Figure
1-4). Many of the axons are covered with a sheath of myelin formed
by oligodendrocytes, which gives the region a white color.

v" A reflex arc is composed of a peripheral sensory nerve and a
lower motor neuron and their connection within a specific
brainstem or spinal cord segment. Most spinal reflexes are mulri-
synaptic and include an interneuron (Figure 1-3). The patellar
reflex discussed below is monosynaptic and has no interneuron.
If all the components of the reflex arc are functional, then the
TE'FI.E‘K WI:II. hE PTEEE“': EVETL l'[: thE‘ upper MOtor neurons are

severely damaged.



Overview of the Patient
Evaluation

v" The signalment is the species, age, breed, gender, and coat and
eye color, which are considered when determining potential
causes of impairment (Table 1-1).

Table 1-1
Mechanisms of Disease by the DAMNNIITTV Scheme
with Typical Signalment, History, and Symmetry
of the Neurologic Deficits

MECHANISM

SIGNALMENT

ONSET

AND PROGRESSION

MNEUROLOGIC
DeriCITS

DE'EIE':'EFE“"'E Often adult Usually chronic Symmetric
(acquired not progressive or asymmetric
congenital or familial)
Anomalous Often purebred, Neonatal Symmetric
(Congenital or ilfﬂlmg NONProgressive of | gr asymmetric
Familial) chronic progressive
Metabolic Any age, breed, Acute or chronic Usually symmetric
gender progressive
i —
Nutritional Any age, breed, Acute or chronic Usually symmetric
gender progressive
Neoplastic Often adult Usually chronic Often asymmetric
progressive Occasionally
Sy metric
Inflammatory or Any age, breed, Acute or chronic Often asymmetric
Infectious gender progressive Occasionally
symmetric -
Idiopathic Varies with the Acute or episodic Symmetric
syndrome or asymmetric
Toxic Any age, breed, Acute progressive Usually symmetric
gender
ﬂumatil: Any age, breed, Acute nonprogressive | Symmetric
gender or asymmetric
Vascular Any age, breed, Acute nonprogressive | Usually asymmetric

gender

v The primary complaint is the reason for seeking medical assis-
rance, such as scizures, dysequilibrium, and paraplegia. The most
common primary complaints are listed in the Table of Contents

as the title for each section of this book.
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W The history is a series of questions to determine the most
likely cause of the primary complaint and to assist in making a
definirive diagnosis, a trearment plan, and an accurate prognosis.
Onset and progression of the primary complaint may be neonartal
I‘I[lnprmgreﬁ.ﬁive, acute nunpr{}greﬁﬁive. Acute prﬂgre!-;ﬁ-ivi;q (:I"I.r!.'lnic.
progressive, or episodic (Table 1-1). Neonatal nonprogressive
disorders become apparent shortly after birth and remain
unchanged. Animals with acute nonprogressive disorders develop
signs immediately or within 72 hours of the eliciting cause and
then remain unchanged. Animals with acute progressive
disorders develop signs that progressively worsen immediartely or
within 72 hours of the event. Animals with chronic progressive
disorders develop signs that continue ro worsen over several days,
weeks, or months. Animals with episodic disorders are normal
berween signs. Durarion of the signs may affect trearment
options. A thorough investigarion of other neurologic signs,
concurrent or previous illness, vaccination status, the possibility
of trauma or exposure to toxins, similar familial problems, travel
history, current medications and supplements, and lifestyle are
essential to accurately determine the cause of the primary
complaint. Important historical questions are outlined for each
primary complaint in the following chapters.

¥ A complete physical examination is essential to detect abnor-
malities in other body systems that might cause a disorder that
also affects the nervous system. Diseases that may mimic primary
neurologic diseases, such as arrhythmias and orthopedic disease,
can also be identified. Since some diagnostic tests are performed
under anesthesia, the physical examination is important to assess
anesthetic risks.

¥ The neurologic examination is a special series of observations
and tests to determine if there is a neurologic problem, its
location in the nervous system, its severity, and whether the
deficit is symmetric or asymmetric. Some mechanisms of disease
produce primarily symmetric or asymmetric signs ( Table 1-1).

¥ The differential diagnosis is a list of possible mechanisms of
disease and the specific diseases for each mechanism thart are
maost compatible with the information obtained in the history
and physical and neurologic examinations (Table 1-1).

¥ The diagnostic plan may initially include a complete blood
count (CBC), serum chemistry profile, and urinalysis to derect
systemic disease and to further evaluate the animal for potential
anesthesia and additional diagnostic vests. It is assumed thart



routine parasite monitoring and prevention are ongoing.
Evaluation of the thoracic and abdominal cavities by radiography
and ultrasonography is often performed if neoplasia is on the
differential diagnosis list or if historical or physical examination
abnormalities warrant further investigation. Further diagnostic
tests can be performed to determine the most likely diagnosis
(Table 1-2). Suggested diagnosrtic tests for specific problems are
listed in each chapter of this book.

v Once the differential diagnosis, diagnostic plan, and likely
prognoses are established, they are presented to the pet owner,
and the potential benefits and risks and estimate of the charges
are discussed.

"’ Anesthesia carries some risk in any animal and varies with
age, body condition, and concurrent illness. Anesthesia is
'l'qu.IiTEd FE'.I]' most ﬂd\"ﬂnC'ELI n:—:unﬂugic tests.

&  CSF collection is avoided in animals suspected to have
increased intracranial pressure, as the cerebellum may herniate
through the foramen magnum, compress the caudal brainstem,
and cause death. Caution is also exerted in animals with
increased bleeding tendencies. Significant hemorrhage and
worsening of neurologic deficits are very rare complications of

CSF collecrion.

& Mpyelography may transiently worsen neurologic deficits burt
improvement is often seen within 24 to 72 hours.

& Surgical biopsy carries the usual risks of hemorrhage or infecrion.

W Final diagnosis: The results of all diagnostic tests are
evaluared, and the most likely diagnosis is established.

% Therapeutic plan: A therapeutic plan is developed on the
basis of the diagnosis and therapeutic history. For the welfare of
the animal, some therapeutic interventions may be necessary
before the results of all the diagnostic tests have been obtained
and a final diagnosis is secured. Therapy may be medical,
surgical, or a combination of both.

¥ Commmunication plan: Once established, the diagnosis, ther-
apeutic plan, and prognosis are presented to the pet owner. The
communication plan involves a clear explanation of the risks,
benefits, and costs of all rrearments.

LS
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Table 1-2 Further Diagnostic Tests

DescrierTionN (DisEasEs EvVALUATED)

Tests on blood and serum

Serum bile acids (hepatic encephalopathy), serum
cholinesterase (organophosphate intoxication), serum
thyroxine and thyroid-stimulating hormone levels
{hypothyroidism), immunoassays for specific organisms
(meningoen cephalomyelitis), and assays for toxicity
{e.g., lead, phenobarbital, bromide)

Cerebrospinal fluid analysis
(CSF)

Evaluate cell number, cell type, total protein, presence of
arganisms, bacterial and fungal cultures, organism
immunoassays, immunoglobulins, immunoglobulin G
index, and albumin quota (neoplasia, meningoen-
cephalomyelitis, other encephalopathies, and

spinal cord compression)

Electroencephalography
(EEG)

Evaluation of the electrical activity of the brain
(hydrocephalus, encephalitis, head injury, other
encephalopathies, neoplasia, and epilepsy)

Electromyography (EMG)
Includes nerve conduction
velocity, repetitive nerve
stimulation and F wave
evaluation

Evaluation of the electrical activity of peripheral nerves
and muscles (locate and indicate severity of nerve injuries,
nerve root compression, and diffuse disorders of the
peripheral nerves, neuromuscular junctions, and muscles)

Brainstem auditory
evoked response
(BAER)

Evaluation of the electrical activity of the auditory nerve
and pathway through the brainstem (hearing testing and
brainstem diseases)

Spinal cord-evoked responses|

Stimulation of peripheral nerves and recording of dorsal
spinal cord potentials (nerve root and spinal cord lesions)

Radiography S5kull and vertebral column (malformation, infection,

(routine) fracture, and neoplasia of bones; degenerated and infected
intervertebral disks)

Myelography injection of iochexol (Omnipaque) 240 mg of iodine/m

into subarachnoid space (spinal cord compression, swelling,
or other abnormalities, vertebral or spinal cord
malformations, intervertebral disk degeneration, trauma,
and neoplasia)

Computed tomography
€T

Cross-sectional radiographic imaging with computenzed
reconstruction; intravenous diatrizoate meglumine and
diatrizoate sodium (Hypagque-76) is administered to
gnhance inflammatory or neoplastic diseases; can be used
in conjunction with myelography; superior to magnetic
resonance imaging for bone detail and acute hemorrhage
{trauma; vascular disease; and spinal cord and vertebral
column lesions, including intervertebral disk degeneration)

Magnetic resonance imaging
{MRI}

Multiple plane images based on electromagnetic
technology and the water content of various tissues; better
soft tissue detail than computed tomography; intravenous
gadolinium is given to accentuate areas in which the
blood-brain barrier is disrupted (most brain and spinal cord
neoplasia and inflammation and nerve tumaors)

Surgical biopsy

Diagnaostic excision of lesions and subsequent cytologic and
histopathologic evaluation, immunocytochemistry, or
culture and sensitivity; useful for lesions of the brain,
peripheral nerves, muscles and those around the spinal
cord (neoplasia, meningoencephalitis, peripheral
neuropathies, and myopathies)




The Neurologic
Examination Overview
and Form

v The neurologic examination is performed to determine if a
neurologic problem is present, where it is locared in the nervous
system, how severe it is, and what might be causing irt.

¥ The neurologic examination, starting from the front to back of
the animal, may be divided into the evaluation of the head, gait,
neck and thoracic limbs, back, pelvic limbs, anus, and tail. A
chart to assist with the examination and to record the results is

useful (Table 1-3).

Table 1-3
The Neurologic Examination
L=left, R=right: Y=yes, N=no; N/DJA or N/D/A/I:
N=normal, D=delayed, depressed, or reduced, A=absent, and |=increased.
EvaLuaTion OF THE HEAD

Seizures (Y/N) S Mentation (describe)
Head pressing (Y/N) Head turn (Y/N and direction)
Head incoordination or tremors (Y/N) Head tilt (¥/N and direction)

EvaLuaTioON OF THE CraniaL NERVES (1-12)

LErT  RIGHT RIGHT
Olfaction (Y/N) . Menace (Y/N) 4 1
Vision (Y/N) | Midrange pupil size (Y/N)
Mydriasis (Y/N) | Miosis (Y/N) I
Direct pupillary Consensual pupillary
light reflex (Y/N) | ight reflex (Y/N) a
Strabismus and direction Positional strabismus (Y/N)
A7) S S I - | I |
Ptosis (Y/N) Enophthalmos (Y/N)
Globe retraction (Y/N) | - Intranasal sensation (¥/N) -
Temporal/masseter atmphy-‘_ Jlaw tone
0Ny 1 1 (MN/DVAM)
Jaw range of motion Palpebral, aural, and
NDYAY | buccal reflexes {N/D/AT)
Mormal nystagmus | Spontaneous nystagmus
(Y/N) | (¥/N) —
Positional nystagmus (YN) | | | Hearng(yN) | |
Swallow (Y/N) : | Requrgitation (Y/N)
Voice change (Y/N) Stridor (Y/N)
Trapezius atrophy (Y/N) Tongue atrophy (Y/N)

13



Table 1-3 Continued

EvaLuaTIiION OF THE GAIT

{W.I-"I.LI':, TROT, GALLOP, TURM, STEP, HEMIWALK, 'I.I'UHEELEF'-FIFLD"LI'I.I'}

Indicate if pacing or circling {note direction), lame, ataxic, paretic—mild, moderate, severe,
or paralyzed (no voluntary movement). Ambulatory or nonambulatory. Note asymmetry.

EVALUATION OF THE NECK EvaLvaTion oF THE Back,
AND THORACIC Limes PeLvic Limes, Anus, anD TalL
LEFT RIGHT LEFT RIGHT

Postural Reactions Postural Reactions , :
Hopping (N/D/A) I Hopping (N/DVA) |
Conscious proprioception | Conscious proprioception i
(N/DyA) ' (N/DyA)

Spinal reflexes Spinal reflexes

o Patellar (N/D/ANT)

Biceps (N/D/aj) - | | Gastrocnemius (N/D/AT) -
Triceps (N/D/A/T) Cranial tibial {N/D/AN)
Extensor carpi radialis Sciatic ]
(N/D/AN) (NDYAT)
Flexor (N/DVA) | Flexor (N/D/A) N
Crossed extensor (Y/N) | Crossed extensor (Y/N)

| | Anal reflex (N/D/A)
' | Tail reflex (N/D/A)

Miscellaneous Miscellaneous
Babinski's sign (Y/N} _ | Babinski's sign (Y/N)
Muscle atrophy Muscle atrophy
(Y/N, location) /M, location)

SN —

! Unluntary u_n_n.lticm', Y/
| Voluntary tail wag (Y/MN)

—

Pain perception | Pain perception
Neck pain (Y/MN) Back pain (Y/N) |
Superficial Sensation (Y/N) Superficial sensation
o (Y/N, location)
Deep pain (Y/N) Cutanegus trunci '
| - (Y/N, location) : -
] Deep pain (Y/N)

LOCATION OF LESION(S):

SEVERITY OF LESION(S): (mild, moderate, severe)



Neurologic Examination
Techniques and Lesion
Localization

Evaluation of the Head

v Head evaluation is performed by questioning the owner about
seizures and changes in mentation, observation of the animal,
palpation of the head, and examination of cranial nerve reflexes.
v Seizures may be witnessed but are often an historical finding
and indicate dysfuncrion of the cerebrum or diencephalon.

v Mentation is a term that describes the animal's state of
awareness and ability to n::-ip-r.md ;1p|:*|n:-priul:1:ly to the environ-
ment. Menration can first be observed while collecting the
initial history. The owner’s opinion of any behavior changes is
imporrant to note. A depressed animal is quiet but responds
appropriately. A demented animal is awake but dull and responds
inappropriately. Pet owners may complain thar the personality
has changed or that the animal does not recognize them.
Delirium is hysterical behavior. Rage or aggression is commonly a
behavioral or neuropsychiatric problem but occasionally can
result from primary brain disease. Stupor is a somnolent srate
with reduced responses to most environmental stimuli except
pain. Coma is a state of unconsciousness with a lack of response
to any environmental stimuli. Lesions of the cerebrum and dien-
cephalon produce dementia, delirium, rage, stupor, and coma.
Lesions of the midbrain, pons, and medulla oblongata produce
stupor and coma.

v Head pressing occurs when the animal pushes the top of its
head against a wall and indicates a lesion of the cerebrum
or diencephalon.

v Head turning occurs roward the side of the lesion and is
caused by lesions of the cerebrum and diencephalon. Animals
with neck pain may carry the head low and more to one side. In
a head turn, both ears are level, which allows this condirion to
be differentiated from a head tilt. A head turn is often accompa-
nied by circling.

v" Head incoordination and tremors may be observed with
movement of the head or during atrempts to eat and drink. This
usually indicates a lesion of the cerebellum.

15



v" A head tilt is when the head is cocked to one side and one ear
is closer to the ground. A head tilt indicates a lesion of the
vestibular system (the vestibular nerve [cranial nerve 8], the
vestibular nuclei in the rostral medulla oblongata, or the floccu-
lonodular lobe of the cerebellum). The head rilts toward the
lesion in vestibular nerve disease, toward or away from the lesion
in medulla oblongata disease, and away from the lesion in cere-
bellar disease.

v Twelve pairs of cranial nerves (CN) line the left and right
sides of the brain and brainstem. The CN are numbered 1 to 12
as follows: CN 1 = olfactory, CN 2 = optic, CN 3 = oculomotor,
CN 4 = trochlear, CIN 5 = trigeminal, CN 6 = abducens, CN 7=
facial, CN 8 = vestibular, CN 9 = glossopharyngeal, CN 10 =
vagus, CIN 11= spinal accessory, and CN 12 = hypoglossal. Signs
of dysfunction indicate a disease of the cranial nerve or its nuclei
in the brainstem on the same side (ipsilateral), except for
olfactory, optic, and the trochlear nerves. Vision and olfaction
have some bilateral input; the trochlear nerve crosses ro the
opposite side within the brainstem. Some reduction of cranial
nerve function may be observed in cerebral and diencephalic lesions.

v Olfaction is the function of the olfactory nerves (CN 1) and
can be tested by offering food and observing whether the animal
can locare the food with its sense of smell (Figure 1-5). Most
animals that cannot smell will not eart, so questioning the owner
about the appetite is important. Noxious substances should nort
be used for testing because they evaluate the sensory portion of
the trigeminal nerves (CN 5) and not CN 1.

Figure 1-5 Testing smell with food (can blindfold the animal if concerned that
it is seeing the food instead of smelling it).



v The menace response evaluates the optic nerves (CN 2),
facial nerves (CN 7), and a complex set of pathways through the
brainstem, brain, and cerebellum. Advancing a hand or fingers
toward the eye and observing an eyelid blink tests the menace
response (Figure 1-6). One eye is covered to test each eye sepa-
rately. Care is taken not to touch the eyelid or whiskers or to
make air currents that might stimulate the sensory portion of the
trigeminal nerves (CIN 5).

v Vision is the funcrion of the optic nerves (CN 2), the dien-
cephalon, and rthe occipital lobe of the cerebrum. In addition to
the menace response, vision is tested by observing the animal in
an unfamiliar environment to see if it bumps into objects or by
throwing cotton balls (which do not produce a localizing sound)
and watching for signs of recognition as they pass through the
animal’s visual ficld. Vision may also be tested by observing the
animal focus on an object (Figure 1-7).

Figure 1-6
Testing the menace response.

Figure 1-7 Observing the
response to a visual stimulus.

17
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v The pupil size is observed in normal room light. Pupils are usually
midrange in normal room light unless the animal is fearful or excited.
In normal animals, fear, excitement, and reduction of ambient light
cause the pupils to become larger (mydriasis). A reduction in pupil
diamerter (miosis) occurs with increases in ambient light if the
animal is not fearful or excited or has intraocular disease. Mydriasis
may occur with lesions of the retina, optic nerves (CN 2), oculo-
motor nerves (CIN 3), or the midbrain. Midrange size pupils that do
not respond to light may be associated with midbrain lesions. Miotic
pupils may be associated with lesions of the cerebrum,

diencephalon, and the CNS and PNS sympathetic nerves that
innervate the pupil (Secrion 6).

v The pupillary light reflex evaluates the optic nerves (CN 2)
and the oculomotor nerves (CN 3) and can be tested by shining a
light into one pupil and observing pupillary constriction in the eye
tested (the direct response) and in the opposite eye (the consen-
sual response) (Figure 1-8). If either the direct or consensual
responses are absent, then a lesion is affecting CN 2 or CN 3 and
their associated pathways through the diencephalon and midbrain.
Excited or fearful animals may have a reduced direct and consensual
pupillary light reflex. A strong light source should be used because a
weak light source may not induce pupil constriction. Lesions of CN
.?.. -':ﬂ.'l‘_lﬁ {_:H ?l IJE'L'!EII.]? FT{TL:IL]EE‘ m?d]’iiﬂiiﬁ ds WE‘].I ds d TEdUCEd 0r ﬂl."l‘.‘l-E'l'I.t
pupillary light reflex.

v" Strabismus occurs when one or both eyes deviate into an
abnormal position due to paralysis of one or more extraocular muscles.

Figure 1-8 Testing the pupillary light reflex.



Ventrolateral strabismus (down and outward position) occurs with
lesions of the oculomotor nerves (CN 3) or their nuclei in the
midbrain. A lateral rotation of the eyeball occurs with lesions of the
trochlear nerve (CIN 4) or their nuclei in the midbrain bur is only
obvious in cars because of their vertical pupils. Medial strabismus
(inward position) occurs with lesions of the abducens nerves (CIN 6).

v Positional strabismus is an abnormal eye position due to a lesion
of the vestibular system (CN 8, medulla oblongata, and cere-
bellum). If head tilr is also present, when the head is straightened and
the nose is elevated, ventral strabismus (l..!‘!,."t: :.‘lrnp} is observed on the
side of the lesion.

v Ptosis is a weakness of the levator muscles that open the eyelid
and results in reduction of the diameter of the palpebral fissure. Prosis
is most commonly associated with lesions of the oculomotor nerves
(CN 3) or their nuclei in the midbrain or the sympathetic nerves to
the eyelid. Prosis may be secondary to enophrhalmos.

v Enophthalmos is a backward displacement of the eyeball into
the orbit that induces a passive elevarion of the third eyelid and
a slight reduction in the diameter of the palpebral fissure.
Enophthalmos is most commonly associated with lesions of the
sympathetic nerves to the periorbital muscles but can occur with
stimulation of the abducens nerves (CN 6), as seen in tetanus.

v Globe retraction (corneal reflex) occurs when the eyelids are
held open and the cornea is gently touched. Loss of this reflex
occurs in lesions of the sensory portion of the trigeminal nerves
(CIN 5) and their connecrtions in the pons and medulla
oblongata and lesions of the abducens nerves (CN 6) or their
nuclei in the rostral medulla oblongata.

v Intranasal sensation is tested by inserting a hemostat into the
nostril, which induces the animal to move the head away to avoid the
stimulus. Loss of intranasal sensation occurs with lesions of the
trigeminal nerves (CIN 5) as well as of the complex set of pathways
through the brainstem, diencephalon, and cerebrum.

v Temporal and masseter muscle atrophy is evaluated by visual
observarion and palpation and is associared with cachexia as well
as with lesions of the trigeminal nerves {CN 5), their nuclei in
the pons, and with primary muscle diseases.

v’ Jaw tone and range of motion are observed by opening and
closing the mouth. Loss of jaw tone is usually associated with
bilateral lesions of the trigeminal nerves (CIN 5). Restricted
range of motion is often caused by a primary mvnpathy.
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v" The palpebral reflex is elicited by touching the medial or lateral
canthus of the eye, which causes closure of the eyelids (Figure 1-9).
The aural reflexes are elicited by touching or pinching the ear and
the buccal reflexes by touching the lip and observing their
movement. Facial sensation arises from the trigeminal nerves

(CN 5), and movement of the facial muscles (the eyelids, ears, and
lips) is controlled by the facial nerves (CIN 7). Loss of the palpebral,
aural or buccal reflex indicates a lesion of CN 5, CN 7 or their
connections in the pons and rostral medulla oblongata.

Figure 1-9 Testing the palpebral reflex

v Normal or physiologic nystagmus is induced when the head is
moved. As the head is moving, the eyes move slowly (slow
phase) away from the direction of head movement then rapidly
snap back (fast phase) toward that side. As the head is moved to
the left, the fast phase is to the left; when moved to the right,
the fast phase is to the right. As the head is moved up, the fast
phase is up; when moved down, the fast phase is down. These
eye movements are repeated several times when the head is
moved from side to side or up and down. Normal nystagmus
requires the integrity of the vestibular nerves (CN 8), oculo-
motor nerves (CIN 3), trochlear nerves (CN 4), abducens nerves
(CN 6), and their connections through the brainstem.

v/ Spontaneous or pathologic nystagmus occurs without head
movement with lesions of the vestibular system (vestibular
nerves [CN 8], rostral medulla oblongata, or cerebellum).
Positional nystagmus is induced when the animal is placed in
lateral or dorsal recumbency and indicates a vestibular system
lesion. As with physiologic nystagmus, spontaneous and posi-



tional nyvsragmus have a fast and slow phase. The fast phase often
occurs away from the side of the lesion. With horizontal
nystagmus, the eyes go from side to side in a straight, horizontal
plane. With rotatory nystagmus, the eyes go side to side in a
horizontal plane but form an arc. With vertical nystagmus, the
eyes go up and down in a vertical direction.

v Hearing is crudely tested by observing a response to such
noises as whistling, yelling, hand clapping, or clanging metal
against metal. Care should be taken not to create vibrations or
visual cues that would induce a false-positive response. Loss of
hearing is usually associated with lesions of the middle ear, inner
ear, or cochlear nerves (CN 8).

v" Swallowing is evaluated by applying external pressure to the
hyoid bones to stimulate swallowing or stimulating the pharynx
with a finger to elicit a gag response (Figure 1-10). Swallowing
dystuncrion is associated with lesions of the pharyngeal muscles,
glossopharyngeal nerves (CN 9), vagus nerves (CN 10), or
caudal medulla oblongata.

Figure 1-10
Testing the swallowing reflex.

v Regurgitation may be observed or noted in the history and is
often caused by megaesophagus. Megaesophagus can result from
lesions of the vagus nerves (CN 10) or the caudal medulla
oblongata but is usually secondary to diseases of the esophageal
I.Tlu.'i-tlt_‘ﬁ or E'.IL"HT'.""[l'H]Z"'\-l._'HI.'.IT juncti(]n.

v A voice change (dysphonia) may be observed or noted in the
history and can be due to lesions of the laryngeal muscles, vagus
nerves (CN 10), or the caudal medulla oblongata.

v Stridor—a harsh, high-pitched respiratory sound often associ-
ated with inspiration—can be heard with the bare ear or a
stethoscope. This sign is associated with unilateral or bilateral
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laryngeal paresis or paralysis associared with lesions of the
laryngeal muscles, vagus nerves (CIN 10), or the caudal medulla
oblongata. Dvyspnea with cyanosis can also occur and constitutes
an emergency siruation.

v Trapezius and brachiocephalicus muscle atrophy may be
palpated in rare instances of lesions affecting the spinal accessory

nerves (CIN 11).

v" Tongue atrophy or weakness may be evaluated when the
animal is drinking or by direct visual inspection, manipulation,
and palpation. Unilateral lesions of the hyrpﬂgluas.al nerves
(CN 12) produce rthese signs. In chronic lesions, the rtongue
contracts and becomes fibrotic on the affecred side.

Evaluation of the Gait

#. A normal gait requires proper funcrion of sensory and motor
peripheral nerves and connected pathways through the spinal cord,
brainstem, and cerebellum. The cerebrum is less important for a
normal gait in animals, and cerebral lesions usually cause only subtle
or temporary gait deficits. [t is usually best to have an assisrant walk,
trot, and turn the animal to maximize the clinician’s ahility to
observe. Watching the animal roam freely is also helpful. If only the
pelvic limbs are abnormal, then a lesion below T2 is suspecred. If all
four limbs are affecred, then a lesion above T2 is suspected. If the
animal is nonambulatory, it should be supported and an atrempt made
to assist it in walking so any voluntary movement can be assessed.
v Hemiwalking involves supporting the animal by picking up the
limbs on one side and pushing it forward and sideways so thar it is
forced to walk on the limbs of one side only (Figure 1-11). By
comparing sides, it can be determined if one side is more affected
than the other.

v Wheelbarrowing involves supporting the pelvic limbs and
observing the animal’s ability ro walk on the thoracic limbs alone.
This technique can detect thoracic limb deficits not appreciared
during the gait evaluation (Figure 1-12). In quadripareric animals, this
test may be used to determine if the thoracic limbs are more or less
involved than the pelvic limbs, but supporting the chest is essential to
preclude falling and neck injury. Extension of the neck during wheel-
barrowing may accentuate thoracic limb deficits. Supporting the
thoracic limbs and forcing the animal to walk on the hind limbs
alone can be useful to evaluate the hind limbs.

v Lameness is most often seen with orthopedic disease but may occa-
sionally be caused by lesions that irritate the nerve roots, which
innervate the limb.



Figure 1-11 Evaluating the ability
to hemiwalk.

Figure 1-12 Evaluation of

v’ Ataxia is an uncoordinated gait and is caused by lesions of the
sensory peripheral nerves, spinal cord, brainstem, vestibular
system, or cerebellum. Hypermetria and hypometria are types of
ataxia. Hvpermetria refers to exaggerated motion and is associ-
ated with excessive flexion and over-reaching of the limbs.
Hypometria is reduced flexion and under-reaching of the limbs
during movement.

v" Ataxia with limb paresis (weakness) may be due to peripheral
nerve, spinal cord, or brainstem lesions. Paresis is not seen in
cerebellar lesions,

% Paresis is weakness or impaired motor function due to a neuro-
logic or myopathic cause. The severity may vary from mild weakness
to an inability ro stand and walk, but paresis implies that some
voluntary movement is present. Care must be taken not to confuse

wheelbarrowing on thoracic limbs.
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reflex activiry with voluntary movement. The spinal reflexes are
preserved and often become exaggerated if the components of the
reflex arc are still intact (Figure 1-3). In severe spinal cord lesions
between T3 and L3, the pelvic limb reflexes become so exaggerared
that reflex flexion and extension can occur with the slighrest stimulus
and mimic voluntary movement. This phenomenon is known as
spinal walking and can be present even if the spinal cord is funcrion-
ally severed. Spinal walking can be difficulr to differentiate from
voluntary movements unless deep pain is present.

v" Paraparesis is paresis of the pelvic limbs resulting from a lesion
locared behind T2. Quadriparesis (tetraparesis) is paresis of all
four limbs caused by a lesion located above T2 or diffuse neuromus-
cular disease. Hemiparesis is paresis of the limbs on one side due o
a lesion located above TZ. Lesions from the caudal midbrain to T2
cause ipsilateral hemiparesis (the lesion is on the same side as the
pan::-;i,:-‘.]. Lesions from the rostral midbrain to the cerebrum cause
contralateral hemiparesis {(the lesion is on the opposite side of the
paresis). Paresis of the thoracic limbs is usually more subtle than the
pelvic limbs and is often manifested as a choppy, short-serided gait.

v Paralysis is total loss of all voluntary movement (reflex
movements may still be intact but do not indicare spinal cord
integrity above the reflex level). Paraplegia is paralysis of the
pelvic limbs only. Quadriplegia (tetraplegia) is paralysis of all four
limbs. Hemiplegia is paralysis of the limbs on one side.

v Circling or pacing usually indicares a lesion of the cerebrum or
diencephalon. Animals usually circle toward the side of the
lesion. In animals with a head tilt, circling is usually caused by a
lesion of the vestibular system.

Evaluation of the Neck, Thoracic
Limbs, Back, Pelvic Limbs, Anus,
and Tail

¥, Evaluation of these parts of the patient’s anatomy can detect
subrle abnormalities that can help derermine whether the lesion is
located above T2 or below T2. The function of each individual
limb can be compared, and asymmertry that can localize the lesion
to one side may be noted.

Postural Reactions

v Hopping is evaluared by lifting three limbs and pushing the
animal laterally to observe their ability ro walk or hop on each



thoracic or pelvic limb independently (Figure 1-13). In large dogs,
lifting only the opposite thoracic or pelvic limb is adequare for
evaluation, but support is necessary to prevent falling. Most
animals do not hop well in a medial direction. Equal responses
should be seen on both sides. Minor araxia or weakness of a
thoracic or pelvic limb may be detected.

Figure 1-13 Evaluation of
the hopping response on one
thoracic limb.

v" Conscious proprioception (CP) can be a very important tool to
detect subtle dysfuncrion and confirm that a neurologic disease is
present when other signs are minimal. The animal is supported
under the chest or between the pelvic limbs, and the paw is turned
so that the dorsal surface contacts the ground (Figure 1-14). The
animal should return the paw to the correct position within a few
seconds. The animal should not lean against the examiner, nor
should the examiner support all of the animal’s weight. Consistent
CP deficits indicate a nervous system lesion and are not caused by
an orthopedic disease (Figure 1-15).

Figure 1-14 Evaluation of
conscious proprioception in a
pelvic limb.
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Figure 1-15 Absent conscious proprioception; the dog stays standing on the
dorsal surface of the paw indicating a neurologic lesion.

v Appropriate CP responses require the integrity of sensory
systems (peripheral nerve, spinal cord, brainstem, and cerebral
cortex) to perceive the paw position and motor systems (cerebral
cortex, h]’ﬂin'&tﬂm. E'Flil'li-ll (,:'I'.'.II.'LI, PE‘TiFhEI’ﬂI NEerve, i-'l'l'l.l.'l [T'H.IH-EIE'} to
correct the paw position. Therefore, although it is a good rest to
document neurologic dysfuncrion, it does not localize a lesion to
any specific site. CP deficits found in animals with a cranial
nerve problem indicate that the lesion could be in the brainstem
segment rather than in the peripheral nerve, which changes the
differential diagnosis, diagnostic plan, and prognosis. Deficits of
CP found in animals that are having difficulcy rising indicate a
neurologic disorder and not just an orthopedic disorder, which
may also be present.

Spinal Cord Reflexes

. Spinal cord reflexes pass through specific peripheral nerves and
spinal cord segments (Figure 1-3), so if a spinal reflex is depressed or
absent the lesion is localized to that specific nerve or spinal cord
segment. E::pin'rll reflexes are best rested in a relaxed animal held in
lateral recumbency by an assistant. The limb to be tested may be
gently flexed and extended to ensure a normal range of motion and
relaxation. A percussion hammer (pleximeter) is used to briskly tap
rendons and muscles to elicit the appropriate response. If the animal
is too tense or the limb has tendon contraction, then spinal reflexes
will not be evaluated accurately. It is most important to determine if
the spinal reflexes are depressed or absent. Although hyperreflexia



may be associated with a lesion of the upper motor neurons, in the
absence of other neurologic deficits it means little. Nervous dogs may
exhibit hyperactive spinal reflexes.

v Thoracic limb spinal reflexes and their spinal cord segments,

nerve roots, and peripheral nerves include the following:

¥ Biceps tendon reflex (C6-8 and the musculocutaneous
nerves): Put the thumb on the biceps tendon and tap with a
percussion hammer. Feel or observe biceps tendon contraction
and elbow tlexion (Figure 1-16).

¥ Triceps tendon reflex (C7-T2 and the radial nerves): Put
the forefinger on the triceps tendon and tap with a percussion
hammer, and feel or observe triceps tendon contraction and
elbow exrtension (Figure 1-17).

Figure 1-16
Testing the biceps reflex.

Figure 1-17
Testing the triceps reflex.
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¥ Extensor carpi radialis reflex (C7-T2 and the radial nerves):

Tap the extensor carpi radialis muscle with a percussion hammer,
and observe extension of the carpus (Figure 1-18).

¥ Flexor reflex (C7-T2 and the radial, axillary, musculocuta-
neous, median, and ulnar nerves): The flexor reflex is also
known as the withdrawal or toe-pinch reflex. Sensory input is
through the radial, median, and ulnar nerves, and motor output is
through C7-T2 spinal cord segments and nerve roots and the
axillary, musculocutaneous, median, and ulnar nerves. The toe is
pinched by the examiner’s fingers or with a hemostat to elicit
flexion of the shoulder, elbow, carpus, and sometimes digits
(Figure 1-19). If this reflex is absent, each toe can be tested indi-
vidually to determine if specific deficits of the radial, median, or
ulnar nerves are present (see Secrion 14).

Figure 1-18 Testing the ext carpi
radialis reflex.

Figure 1-19 Testing the flexor
reflex of thoracic limb.



W Crossed extensor reflex: When the animal is relaxed in lateral
recumbency and inducing the flexor reflex results in extension of the
limb on the opposite side, a lesion above C7 is suspected. Care should
be taken to ensure the animal was not trying to rise during the
testing, as this will cause extension of the opposite limb as well.

v Pelvic limb, anal, and tail spinal reflexes and their spinal cord
segments, nerve roots, and nerves include the following:

¥ Patellar reflex (L4-5 and the femoral nerves): Tap the
patellar rendon briskly with the percussion hammer to elicit
extension of the stifle (Figure 1-20).

W Gastocnemius reflex (L6-S2 and tibial nerves): Hold the
gastocnemius muscle between the thumb and forefinger, and
tap the thumb briskly with the percussion hammer to elicit

extension of the hock (Figure 1-21).

Figure 1-20
Testing the patellar reflex.

Figure 1-21
Testing the gastrocnemius reflex.
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W Cranial tibial reflex (L6-52 and the sciatic and peroneal
nerves): Tap the cranial tibial muscle briskly with the percus-
stion hammer to elicit flexion of the hock (Figure 1-22).

W Sciatic reflex (L6-S2 and the sciatic and peroneal nerves):
Place a finger on the sciatic nerve in the notch formed by the
greater trochanter and the ischiatic tuberosity, and tap the
finger to elicit brief extension of the hock (Figure 1-23).

Figure 1-22 Testing the cranial
tibial muscle reflex.

Figure 1-23

Testing the sciatic nerve reflex.



¥ Flexor reflex (L6-S2 and the sciatic and peroneal nerves):
On a pelvic limb, the examiner pinches the toe with fingers
or a hemosrar, and flexion of the hip, stifle, hock, and
sometimes the digits is elicited (Figure 1-24).

¥ Crossed extensor reflex: If the opposite limb extends when
the flexor reflex is elicited {Fij.,mn: 1-25), then a crossed extensor
reflex is observed. When the animal is in lareral recumbency and
not trying o rise, a crossed extensor reflex of the pelvic limb
usually indicates a lesion above spinal cord segment L6.

Figure 1-24 Testing the flexor reflex of the pelvic limb.

Figure 1-25 A crossed extensor reflex,
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¥ Anal reflex (S1-3 and pudendal nerves): The perineal area on
each side is pinched with a hemostat, and the anal sphincrer will
constrict (Figure 1-26). If a reduced reflex is suspecred, a gloved
finger is inserted into the anus. If the reflex is normal, a strong
contraction of the anal sphincrer will occur.

¥ Tail reflex (S1-Cd5 and the caudal nerves of the tail): As the
perineal area is stimulated with a hemostat or finger, flexion of
the tail toward rthe anus will occur.

Figure 1-26
Testing the anal reflex.

Miscellaneous

% The Babinski’s sign can be tested in the thoracic and pelvic
limbs by stroking the plantar and palmar surface of the
metacarpal or metatarsal region in a brisk, upward motion with
the tip of a percussion hammer handle (Figure 1-27). A slight
flexion of the digits is normally seen. A positive Babinski's sign is
noted when the digits extend and flare our, indicating an upper
motor neuron lesion above C6 for the thoracic limb and above
L6 for the pelvic limb.

¥ Muscle atrophy may be associated with disuse or from lower
motor neuron or muscle disease. Disuse of a limb causes a
symmetric reduction in muscle size diffusely over the limb.
Muscle atrophy associated with specific nerve or muscle disease
is usually focal and more severe than disuse atrophy. Generalized
muscle atrophy occurs in polyneuropathies and polymyopathies
(see Sections 10 and 11).

W Urination is observed to detect involvement of the micrurition
pathways. Reflex urination or inability to urinate is common in
animals with spinal cord lesions and must be properly managed.



Figure 1-27 Testing for
Babinski's sign.

W Tail wagging when the dog is spoken to or offered food is usually
voluntary and indicates integrity of the nervous system from head
to tail. Reflex rail wagging may occur with lesions above the caudal
segments when the limb spinal reflexes are tested.

Pain Perception

¥ Palpation and manipulation to detect painful areas and testing
pain perception are usually performed last so that the animal will
remain cooperative during the rest of the neurologic examination.
If the animal exhibits severe neck or back pain, the neurologic
examination may be modified so that undue stress to the per or
owner is avoided.

¥ Neck pain may be observed as a reluctance to move the head or
to look upward. In severe cases, the animal may hold the head
down with the neck extended. Spontaneous muscle spasms of the
neck may cause jerky neck movements and vocalization. Deep
palpation of the cervical musculature or movement of the neck in
dorsal, venrtral, and side-to-side directions may also elicit tensing,
muscle spasms, and vocalization (Figure 1-28). Neck pain is most
often associated with cervical lesions but occasionally may be asso-
ciated with intracranial disease (see Section 7). Diseases affecting
the cervical vertebrae, sensory nerve roots, or meninges usually
cause some degree of discomfort.

¥ Back pain may be expressed by arching the back, muscle
tension or spasms, and vocalizing when the paravertebral muscu-
lature is palpated. Careful palpation can usually narrow the area
of discomfort to within two to three spinal segments. Disorders
affecting thoracolumbar vertebrae, sensory nerve roots, or
meninges are the most common causes of back pain.
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Figure 1-28 Evaluating range
of motion of the neck to evaluate
for pain.

¥ Superficial sensation is evaluared by pinching the skin with a
hemostat or pricking the skin with a needle to elicit a behavioral
response indicating the sensation was perceived. Vocalizing,
trying to bite, or avoiding the stimulus is an appropriate response
to a painful stimulus. Each spinal nerve carries superficial pain
sensations from a discrete region of skin known as a dermatome.
Hyperesthesia is an increased sensitivity to stimulation resulting
in a negative behavioral reaction from the animal and is usually
located at the site of a lesion. Hypesthesia or anesthesia are
reduced or absent sensation, which may be located within three
spinal segments from the lesion. Superficial sensation is a local-
izing sharp pain carried by large fibers from the skin and is often
lost prior to deep pain in spinal cord lesions.

¥ A cutaneous trunci response or panniculus response is
elicited when the dorsal skin of the trunk between T2-L4 is
pinched and a twitch of the cutaneous muscles is observed
(Figure 1-29). From the site tested, sensory nerves travel to the
spinal cord and ascend to C8-T1 where they synapse on cell
h(‘.ﬁdiEH {‘.IIF thE ]i'ltETH]. th[]niCiE nerve. Thﬂ IE'!.I.'{"_"I'FII. l'hur:lcic nerve
exits the spinal cord and stimulates the cutaneous trunci muscles
to contract (Figure 1-30). A lesion anywhere along this pathway
may cause a reduction or loss of the cutaneous trunci response.
This response is used mainly to further localize lesions between
T3-L3 but can be absent on the side of a brachial plexus avulsion
(see Section 14). In normal animals, it can easily be elicited just
caudal to the shoulders and just cranial to the pelvic limb. The
cutaneous trunci response is lost only at one site in nerve root
lesions but may be completely absent caudal to the lesion with
some spinal cord lesions. The presence of this response caudal to



a lesion indicares that some spinal cord integrity remains even
when superficial sensation and deep pain are lost. The cutaneous
trunci response may be completely absent in polyneuropathies.

,f Figure 1-29 Testing the
'.

~| cutaneous trunci response.
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Figure 1-30 The cutaneous trunci response pathway.
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¥ Deep pain is tested by applying firm pressure to the bones of
the digits of a thoracic or pelvic limb with the fingers or a
hemostat to elicit a behavioral response (Figure 1-31). A positive
behavioral response to deep pain is consistent turning of the
head and looking, vocalizing, trying to bite the examiner, or
trying to escape when the toe is pinched. Withdrawal of the
limb is only the flexor reflex and does not mean the animal
consciously perceives the painful stimulus. If response to deep
pain appears absent from one digit, all remaining digits and the
tail should be tested to determine if there is a complete loss of
deep pain perception. Deep pain is a small-fiber, nonlocalizing
pain, which is carried in a multifocal network within the spinal
cord and is usually the last sensation that remains in spinal cord
lesions. Complete loss of the ability to feel deep pain signifies a
severe spinal cord lesion. If the deep pain sensation is absent for
a month or longer in animals with spinal cord lesions, recovery
of funcrion is unlikely.

Figure 1-31 Testing deep pain of a hind limb; the cat reacts to the pain by
turning or complaining.



Lesion Localization

¥ When the neurologic examination is complete, an attempt
should be made to explain all abnormal findings by a lesion at
one anatomic site. If this cannot be done, then the animal may
have a multifocal or diffuse disease process and the differenrial
diagnosis should reflect this. Two separate and distinet lesion
sites from two different diseases is an unlikely scenario in clinical
neurclogy unléss one can be explained by a history of a long-
standing problem unrelated to the current primary complaint.
Each anatomic region has specific signs, which localize lesions to
that region.

v Polyneuropathies are disorders that affect multiple peripheral
nerves, and polymvyopathies are disorders thar affect mulriple
muscles. An overview of these localizing signs and consequent
alterations of gait, conscious proprioception and hopping, and
spinal cord reflexes is outlined in Table 1-4,
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Section 2

Dementia, Stupor,
and Coma

. Cerebrum

_ Diencephalon
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Definitions

Depression: Lethargy with reduced activity but no reduction in
mental ability.

Dementia: Loss of mental and intellectual abilities, memory, and
usual personality; often manifests as inability to perform trained

activities and inability to recognize the owner or other familiar
objects (Figure 2-1).

Figure 2-1 Dementia in an 8-year-
old Saluki with cerebral neoplasia;
the dog did not recognize the
owner and wandered aimlessly to
the left.

Delirium: Reduced ability to pay atrention to external stimuli,
disorganized thinking, disorientation, and reduced level of
consciousness; often manifests as agitation, hyrpt:mc[ivit\,q hysteria,
excessive vocalization, and inability to be calmed.

Obtundation: Decreased consciousness and behavioral responses to
mild sensory stimuli; dull, sleepy.

Stupor: Partial or nearly complere unconsciousness; animal maintains
a behavioral response to vigorous or noxious stimuli, such as pain.

Cﬂl‘l’lﬂ.: U'I'I.-Cl'!ﬂﬁl:i['ll.l!iﬂﬂ.'iﬁ E'II'I.'LI F E]h'.iﬂ'ﬂl' I.'!E‘I.'.'::-l"u"i.tll"-'-l]. response o NOXIoUs
stimuli, including pain; spinal reflexes may be present or absent.
Anisocoria: Unequal pupil size.

Cheyne-Stokes respiration: BEhythmic waxing and waning of the
depth of respiration with regularly recurring periods of apnea.

Decerebrate rigidity: Marked extensor rigidity of the limbs, usually
associated with midbrain lesions; animal usually comatose.
Opisthotonus: Dorsal extension of the head, with extension of the
thoracic limbs and flexion of the pe|vic limbs: often associared with
acute cerebellar lesions (decerebellate rigidiry).

Meningoencephalitis: Inflammarion of the meninges and brain.



Encephalitis: Inflammation of the brain.

Meningoencephalomyelitis: Inflammation of the brain, meninges,
and spinal cord.

Meningomyelitis: Inflammation of the meninges and spinal cord.
Meningitis: Inflammartion of the meninges.
Myelitis: Inflammarion of the spinal cord.

Lesion Localization

v Location of lesions that cause stupor or coma is shown in
Figure 2-2.

v Dementia and delirium result from lesions of the:
Cerebrum

Diencephalon

Cerabrum

T Diencephalon
= =ty
x [ Rt ' Midbrain

Pons

f {1
Figure 2-2 Dysfunction of the cerebrum, diencephalon, midbrain, pons, and

medulla causes dementia, stupor, or coma (the dots indicate the lesion localization).
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v Stupor or coma is caused by lesions of the:
Cerebrum
Diencephalon
Midbrain
Pons

Medulla oblongata (stupor)

Differentiation of Lesions
Causing Stupor or Coma

v Figure 2-3 is an algorithm using changes in pupils and respira-
tion to assist in localizing lesions that cause stupor or coma on
the basis of clinical signs.

v Cerebrum and diencephalon: Normal or miotic pupils; normal
or Cheyne-Stokes respirarion

v Midbrain: Dilated, unresponsive or midrange fixed, unrespon-
sive pupils; normal respiration or hyperventilation

v Pons: Miotic pupils; rapid, shallow respiration; coma is rare,
s Vi.l.'.u'.-i]. céenter i]'l.'\-'('.l]."l.-"l_'I'['lL"‘]"lT I.L":'IEJ!': L dL":ltl"l.

v Medulla oblongata: Miotic pupils; irregular respiration or
apnea; cranial nerve deficits (i.e., head rilt, facial paralysis,
medial strabismus, dysphagia, or tongue paralysis); coma is rare,
as vital center involvement leads to death

v Unilateral lesions at all sites will affect one pupil on the side
of the lesion and cause anisocoria (Secrion 6)

Differential Diagnosis

Common and Occasional
Disorders

v Head trauma—common in dogs and cats

v Intoxication—common in dogs and cars

v Hypoglycemia—common in dogs and cats

v Hepatic encephalopathy—common in dogs, occasional in cars

v Meningoencephalitis—common in dogs and cats



=
=

Figure 2-3 Algorithm outlining lesion localization of stupor or coma

v Hydrocephalus—common in toy-breed dogs, occasional in
other dogs and cats

v Neoplasia—common in dogs and cats

v" Cerebrovascular disorders—occasional in dogs and cats
v Hypoxia and anoxia—occasional in dogs and cats

v Cognitive dysfuncrion syndrome—common in dogs

Rare Causes of Stupor and Coma
v Diabetes mellitus

v Hypothyroidism

v Hyponatremia

v Hypernatremia

¢ Uremic encephalopathy

v Thiamine deficiency

v Lysosomal storage disease

v Epidermoid, dermoid, and arachnoid cysts

v’ Lissencephaly

Copyrighted m {|'.E§';|I
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Diagnostic Evaluation

Important Historical Questions

¥ The questions in the history are asked to determine the rype
and cause of the disorder. The reasons for asking the question are
discussed under each disorder bur are obvious in most cases.

* Are the signs acute or chronic, nonprogressive or progres-

sive, constant or intermittent, or did they occur shortly
after birth?

* Possible trauma? If the answer is “yes,” and the animal is in
critical condition, proceed with emergency management.
See Tahble 2-1.

* Has the animal been exposed to prescription or illegal
drugs, antifreeze, lead, ivermectin, or other toxins!

® |s the animal allowed to wander outside!

® Does the animal recognize and respond to the owner?

e |s the animal head pressing, circling, pacing compulsively,
or showing increased or reduced acrivity?

e Does the animal have seizures or other neurologic
abnormalities?

® Are there signs of disease in other systems, such as
anorexia, polyphagia, polyuria/polydipsia, coughing, sneezing,
vomiting, or diarthea?

® [s there any current or past illness or neoplasia?

* Does the animal receive an all-fish, cooked-meat, or other
type of dier deficient in thiamine?

e What is the boarding or travel history (exposure to
infectious agents)?

o What recent or current medicarions, nutriceuticals, herbal
supplements or vaccinations has the animal been given?

Physical Examination

¥ Evidence of mulrisystemic disease, such as fever, icterus,
pallor, cyanosis, petechiae or ecchymoses, chorioretinitis,
increased lung sounds, heart murmur, abdominal or other masses,
renomegaly, alopecia, enlarged lymph nodes, or trauma, should
be thoroughly invesrigared.

v" Bacterial meningitis can resulr from hematogenous spread of
infections of the endocardium, uterus, bladder, prostate, or
elsewhere in the body or directly from sinus or ear infections and
animal bires.



Table 2-1
Emergency Management And Monitoring Of Acute Head Injury

1. Ensure animal is breathing and the airway is patent; Intubate and ventilate with oxygen
if animal is comatose and in respiratory arrest

2. Evaluate heart rate and rhythm, mucous membrane color, capillary refill time, and pulse
strength; attempt resuscitation if in cardiac arrest

3. Administer oxygen by mask or flow-by nose (avoid nasal catheters as sneezing increases
intracranial pressure [ICP]); an oxygen cage may be useful for longer term administration

4. Evaluate and monitor blood pressure, and try to keep within normal limits
5. Place an intravenous catheter (avoid jugular vein compression, as this increases ICP)

6. Begin low-volume fluid resuscitation if needed with colloids or hypertonic saline and
crystalloids intravenously to maintain normal blood pressure and cerebral blood flow
(avoid excessive fluid volume as this may increase ICP)

7. Triage for other life-threatening situations, such as internal hemorrhage or other tho-
racic or abdominal injuries

8. Consider therapy to reduce ICP: mannitol as a bolus dose 0.25-2.0 g/kg IV over 10-
15 minutes followed in 15 minutes with furosemide, 0.7 mg/kg IV.

9. Monitor arterial blood gases for ventilation and oxygenation; pulse oximetry may also
be useful

10. Keep the head elevated 30 degrees above the heart to ensure venous return from
the brain

11. Monitor electrocardiogram (ECG), and treat life-threatening cardiac arrhythmias

12. Monitor body temperature (avoid overheating)

13. Initiate IV antibiotic therapy if a penetrating injury is present

14. Monitor level of consciousness, pupil size and response to light, and respiratory pattern

Neurologic Examination

v Animals with cerebral or diencephalic lesions often pace or
circle toward the side of the lesion, stand in a corner, or press
their head against the wall (Figure 2-4).

v Demented animals may appear blind, have no menace
response, and do nor follow cotron balls but often avoid table
legs or walls. Demented, blind animals bump into walls and table
legs. If the pupillary light reflex is reduced or absent, an optic
nerve lesion is likely. If the pupils are normal, then the lesion is
located in the optic radiations or occipital cortex.

v Unilareral conscious proprioceptive and other postural
reaction deficits are contralateral (on the side opposite the
lesion) in cerebral, diencephalic, and rostral midbrain lesions
and i]’:ﬁihlturul (on the same side as the lesion) in caudal
midbrain, pons, and medulla oblongata lesions.
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v A deficit of CN 5 localizes the lesion to the pons, and deficits
of CN 6-12 localize the lesion to the medulla oblongata
(Sections 1 and 6).

v Evidence of neck pain may suggest meningoencephalitis or
increased intracranial pressure (1CP) secondary to trauma,
neoplasia, or other mass lesions.

Figure 2-4
A dog that is head pressing.

Applicable Diagnostic Tests

v A complere blood count (CBC); serum chemistry profile that
includes glucose, blood urea nitrogen (BUN), creatinine, sodium,
potassium, calcium, chloride, liver enzymes (such as alanine
aminotransferase, aspartate aminotransferase, =-glutamyl trans-
ferase, and alkaline phosphatase) and cholesterol and urinalysis
can be useful to detect hypoglycemia, renal dysfunction, hepatic
dysfunction, and electrolyte abnormalities that may secondarily
affect the brain.

v Fungal hyphae associated with systemic aspergillosis may be
found on cytologic examination of the urine. Ammonium biurate
crystals may be found in the urine of animals with heparic
encephalopathy secondary to portosystemic shunts (PSS), and
calcium oxalate monohydrate crystals may be found with
ethylene glycol intoxication.

v" A fasting and 2-hour postprandial serum bile acids and blood
ammonia level are useful to evaluate liver funcrion and are
elevated in hepatic encephalopathy.

v An adrenocorticotropic hormone (ACTH) stimulation test
may demonstrate hypoadrenocorticism.



v Blood gas analysis is useful to detect hypoxemia, acidosis
or alkalosis.

v Coagulation and plateler function tests, including
prothrombin time, partial thromboplastin time, activated
clotting time, fibrin split products, mucosal bleeding time, and
platelet counts, may be indicared if a cerebrovascular disorder
is suspected.

v Thoracic radiography and abdominal radiography and ultra-
sonography may be used to evaluare liver size, examine for
portosystemic shunts, or detect neoplasia.

v Transcolonic scintigraphy or a venous portogram can be useful
to demonstrate portosystemic shunting associated with hepatic
encephalopathy.

v Histologic examination of a liver hinpﬁ',r may be Necessary o
diagnose hepatic microvascular dysplasia or specific causes of
liver failure.

v Ultrasonography of the brain through a persistent fontanelle
can demonstrate hydrocephalus.

v Serum total thyroxine (T4) and free T4 levels are usually low
and thyroid-stimulating hormone (TSH) levels are ofren
clevated in hypothyroidism.

v When overmedication or intoxication is suspected, assays for
specific drugs and intoxicants (e.g., phenobarbital, bromide,
ethylene glyvcol, lead) may be performed.

v An electroencephalogram (EEG) is usually abnormal in
trauma, meningoencephalitis, hydrocephalus, cerebral neoplasia,
and severe merabolic disorders.

v In comarose animals with respiratory arrest but preserved
cardiac function, brain death is indicared by the absence of elec-
trical activity on the EEG or the brainstem auditory-evoked

response (BAER) test.

v The following are tests that are performed under general anes-
thesia (unless the animal is comatose), as well as their f-indingﬁ:

e Computed tomography (CT) or magnetic resonance
imaging (MRI) can demonstrate hydrocephalus,
lissencephaly, focal or multifocal mass lesions, inflammartory
or degenerative lesions, edema, and hemorrhage.

* Cerebrospinal fluid (CSF) analysis is performed following
CT or MRI if the animal does not have head trauma and
other causes of increased ICP are not suspected. The CSF
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often has increased leukocytes and protein levels in menin-
goencephalitis and increased protein levels in neoplasia.
* Brain biopsy with histologic examination of tissue collected
may provide a definitive diagnosis and characterize the
disease process.
v Serum and CSF assays for specific organisms are obtained if
meningoencephalitis is documented or an infection is suspected.

v Bacterial or fungal cultures of CSF and blood are obtained if
an infection is suspected.

Common and
Occasional Disorders

Head Trauma

f—r Head trauma from motor vehicle accidents, animal bites,
gunshor wounds, or malicious artacks commonly causes dementia,
stupor, Or coma (Figure 2-5). Concussion is a transient loss of
consciousness without structural brain lesions. Strucrural lesions
occurring at the rime of trauma may include tearing of brain tissue
by bony edges or penetrating injuries or hemorrhage into or around
brain parenchyma. Contusion is brain hemorrhage and edema with
disruption of nerve fibers. Strupor and coma that persists is most
likely caused by contusion. Contusion of the brain tissue can
stimulate excessive release of excitatory amino acids, which begin a
cascade of events involving intracellular calcium influx, free radical
production, cerebral edema, increased intracranial pressure (ICP),

Figure 2-5 A dog with stupor
from a head injury.
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and cell death. Increased ICP leads to impaired cerebral blood flow
and can cause portions of the cerebral cortex to herniate under the
tentorium cerebelli and compress the midbrain, producing coma
(Figures 2-6 and 2-7). If left untreated, the cerebellum may
herniate through the foramen magnum and compress the caudal
medulla, causing death (Figures 2-6 and 2-7).

Figure 2-6 A sagittal section of the dog's skull showing the bony tentorium cere-
belli (single arrow) and foramen magnum (double arrows).

- =%, Tentorial
L%, | )~ hemiation

-.._-_-.'.:="=._f_.-.- A g ] . I '. ! \
== ¢ s B B BN % Cerebellar

I.:--:-' e e '-Q._____ - hﬂma‘mﬂ
s
W 7 7 b ¥
- '.'-=°'+ I.. i
— = Medulla oblongata
?*h \
R, Midbrain

Figure 2-7 An illustration of tentorial and cerebellar herniation from increased
intracranial pressure,
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& As head injuries are often accompanied by trauma to other
body systems, shock, hemorrhage, and other life-threarening
problems must be rapidly identified and managed appropriately.
Movement of the neck is avoided in comatose animals as
combined head and neck injuries can occur. The emergency
management of head injuries is outlined in Table 2-1.

h ':._:L"‘rﬂhr':]] hl.l'.':l'l'.l"d ﬂ{'ﬂw dL"‘pL"‘]"lle LI['H]]'I. i I.']E]li-l'l'll:E' I."H.!TWEE'I'I.
systemic arterial blood pressure and ICP, and rtherapy for head
travma I'E'\"['II.V'I.!H :-lT['II.]l'.'lL:I m}]intEnHﬂCE {_'If- n{‘.lrmi-'ll hIl_"l[H,‘l PrEEHllrﬂ
and reduction of ICP. Respiration, heart rate and rhythm, blood
gases, and blood pressure are closely monitored ro avoid
hypoxemia, hypercapnia, and cerebral ischemia. Pressure on the
jugular veins, coughing, sneezing, and vomiting can all elevate
1CP and should be prevented. Colloids or hypertonic saline are
given to reduce erystalloid fluid requirements and achieve the
goals of normovolemia and normotension. ICP can be measured
directly in some specialty hospitals with a special probe thar is
inserted into the brain and connected rto a monitor. Mannirol
has an osmotic diuretic effect, reduces blood viscosity, improves
oxygen delivery to the brain, and is effective for lowering 1CP.
Furosemide can increase the magnitude and duration of the 1CFP
reduction. Concerns abour the effects of increasing ICP are
greater than those regarding the theoretic exacerbartion of
intracranial hemorrhage with mannitol, and administration is
indicared in most patients with elevared ICP

¥ The level of consciousness, pupil size, cardiac rate and
rhythm, and respiratory patterns are ideally monitored every 15
to 30 minutes for the first 4 to 6 hours in severely affecred
patients. Lesions of the cerebrum or diencephalon are better
tolerated than those affecting the other parts of the brainstem.
Chevne-Stokes respiration is associared with cerebral and dien-
cephalic lesions. Hyperventilarion occurs with midbrain lesions.
Rapid, shallow respiration indicates a pontine lesion and
irregular brearhing or apnea occurs with lesions of the medulla
oblongata. Marked bradycardia may occur reflexively because of
hypertension, which is secondary to increased ICP (Cushing's
reflex). Examinarion findings in order of increasing severity are
outlined in Table 2-2.



Table 2-2
Examination Findings in Order of Increasing Severity

MENTATION PUPILS CARDIAC CARDIAC RESPIRATION
RATE RHYTHM

Normal Normal . Normal ' Normal Normal
Dementia Miotic Tachycardia - Ventricular Cheyne-Stokes
Delirium Mydriatic Bradycardia premature Hyperventilation
Obtundation Midrange Arrest contractions Shallow, erratic
Stupor and fixed Loss of normal | Apnea
Coma sinus rhythm
R A Arrest

Y% If the pupils are normal or miotic, cardiac rate and rhythm are
stable, and respirarion is normal or Cheyne-Stokes respiration is
prl:-ﬁfn[, even S*L"\'L‘I'L‘I‘f.' ."intLI'FIl'ITl}LI."i- O COmAatose E'IniITI.H.IS may eventu-
ally recover if their signs do not worsen within the first 24 hours. If
the animal is presented in an acute coma with unresponsive pupils
of midrange size and decerebrate rigidity, then a midbrain
contusion is likely and the prognosis for recovery is grave.
Opisthotonus with preserved consciousness occurs with cerebellar
lesions (decerebellate rigidity). Loss of spinal reflexes can occur in
a comatose animal with severe brain injury due to release of
descending inhibitory pathways that suppress such reflexes. This
should be differentiared from reflex loss secondary to concurrent
spinal cord or peripheral nerve injuries. Neck or back pain may be
associated with a concurrent vertebral fracture; when such pain is
noted, vertebral radiographs should be obtained as soon as the
patient is stable (see Sections 7, 9, and 12). If the animal is
conscious, the cranial nerves can be evaluated and voluntary
movement of the limbs should be noted. If the animal is ambula-
tory and there is no evidence of concurrent spinal trauma, a more
complete neurologic examination can be performed (see Section 1).

- Although plain radiographs may detect skull fractures, CT is
preferred to demonstrare fractures, acute hemorrhage or edema and
to determine the prognosis in patients with deteriorating signs.
MRI may be helpful ar a later time to delineare the extent of
injury. CSF collecrion is avoided because of the increased risk of
brain herniation.

v In the absence of an objective measure of ICP, therapeutic
decisions must be made on the basis of serial neurologic examina-
tion, which is an insensitive evaluation of increasing ICP. If serial
neurologic evaluarions reveal a decreasing level of consciousness
and dilatation of the pupils, herniation of the cerebral cortex under
the rentorium cerebelli due to increasing ICP is suspected (Figure
2-7), and aggressive treatment to rapidly reduce ICP is needed
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(Table 2-1). Surgery to explore the area and decompress the brain
should be considered with penetrating injuries and compressive
skull fractures and in animals with intractable elevations of I1CP.
Corticosteroid administration for head trauma remains a controver-
sial topic. Mo clinical benefit has been proven following their
administrarion, and in some cases, administration has been associ-
ated with a worsened outcome.

v The caloric test of brainstem integrity may be performed in
comatose animals by warm-warter lavage into the external ear
canal. If nystagmus is induced, the medulla oblongata, pons, and
midbrain are intact. BAER testing can evaluate brainstem integrity
and EEG can evaluate cerebral cortex integrity (Section 1). These
rests are useful in animals with respiratory arrest burt preserved
cardiac function. The absence of electrical activity on these rests
indicates brain death and a hopeless prognosis.

v With adequate nursing care and support, animals with severe
cerebral and diencephalic lesions and less severe lesions of the
ﬁIiL'IhrHi_I'I. P('!]'I_F-, E!.'I'Il:.l mEd.LIIII—'I {'Jhl.l]ngiltﬂ Cdll FeCover C'.“'I'I.[."F:IL'U.;'I.Y or
become acceptable pets. Improvement may continue over 9 to 12
maonths. Epilepsy may appear as long as 2 years after the head
injury but can usually be controlled with anticonvulsant drug
therapy (Section 3).

Intoxication

= Many substances can cause dementia, delirium, stupor, or coma,
and a thorough history of current and recent medicarions and
exposure to prescription, over-the-counter, and illegal drugs and other
intoxicants should be obtained. The adverse side effecrs of all current
medications, nutriceuticals, and herbal supplements should be
reviewed. The ASPCA Narional Animal Poison Control Center
(888-426-4435) or other poison control centers can provide addi-
tional informarion on potential toxicity and treatment. An overview
of some common causes of intoxicarion is found in Table 2-3 and
Section 3, Table 3-3, The emergency treatment of recent oral intoxi-
cation is outlined in Table 2-4.

v If topical pesticide intoxication is suspected, the animal should be
hathed to remove any residual toxin. Assays for anticonvulsants and
certain other drugs may be performed to determine if the serum levels
are excessive so that the doses may be adjusted (Secrion 3). Animals
that are delirious or seizing from stimulants may have to be sedated
(Section 3). A discussion of some common neurologic roxins follows.



Table 2-3
Common Causes of Intoxication

Dementia, stupor, or coma

* Adverse drug reaction from a current medication, nutraceutical, or
herbal supplement

® Overdose of prescribed anticonvulsants

* Overdose of other prescription drugs

® Overdose of ivermectin

® Overdose or adverse reaction to pesticides

® Accidental ingestion of owner's alcohol, sedatives, or over-the-counter drugs (e.g.,
sleep aids, antihistamines)

® Accidental ingestion of marijuana or other illegal drugs

®* Accidental ingestion of antifreeze, methanol, cleaning supplies, or industrial solvents
Hyperactivity and delirium

® Adverse reaction from a current medication, nutraceutical, or herbal supplement

® Overdose of prescribed stimulants

* Overdose of ivermectin

® Other pesticide overdose or adverse reaction

® Accidental ingestion of owner's stimulants or over-the-counter drugs
(e.g., chocolate, caffeine, antihistamines, tobacco, nicotine gum, etc.)

& Accidental ingestion of amphetamines, cocaine, or other illegal stimulants
®* Lead intoxication

Phone number of the ASPCA National Animal Poison Control Center: 888-426-4435

Table 2-4
Emergency Treatment of Recent Oral Intoxication

* Stop seizures if present (Section 3)

® |f the animal is conscious, induce vomiting with 1 mlkg (not to excede 30 ml) of
3% hydrogen peroxide PO or 2 ml/kg (do not exceed 15 ml) syrup of ipecac PO; do
not induce vomiting for caustic substances)

® |f comatose, perform gastric lavage; intubate trachea to avoid aspiration

® Administer activated charcoal (ToxiBan; Vet-a-Mix) 2-8 g/kg PO or through tube
into stomach to reduce further absorption of toxin

* Consider IV fluid therapy to promote renal excretion of the toxin

® Monitor respiration and heart rate; give ventilatory assistance, and treat cardiac
arrhythmias as needed

* Give specific antidotes and treatment when indicated
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¥ Ivermectin intoxication commonly occurs due ro dosing errors
when owners treat their dogs and cats with a concentrated prepara-
tion marketed for use in sheep and cactle (Ivomec, Merial).
Although single doses of 2 mgfkg or less may be safe in most dogs,
death often occurs with doses over 80 mg/kg. The blood-brain
barrier of collies, Shetland sheepdogs, Old English sheepdogs,
Australian shepherds, and potenrially other breeds appears to be
more permeable o ivermectin, and intoxication can be manifested
at off-label doses recommended for heartworm microfilaria or other
parasites. Signs of intoxication begin within 10 hours and include
dilated pupils, agitarion, tremors, vocalization, delirium, blindness,
head pressing, stupor, and coma. Recent ingestion is treated as
outlined in Table 2-4. There is no specific antidote, and therapy
is mainly supportive in nature. Fluid therapy, nutritional support,
and general nursing care should all be provided. Venrtilatory support
may be required in some cases. Diazepam may act synergistically
with ivermectin and should probably be avoided in these animals.
Recovery can be prolonged and may take up ro several weeks in
some cases, bur with adequarte supportive care, most animals can
make a full recovery.

¥ Pyrethrin and pyrethroid insecticides may cause depression,
hypersalivation, tremors, ataxia, and rarely seizures. Atropine
sulfare is not recommended as an antidote for pyrethrin or
pyrethroid intoxication. Organophosphate and carbamate intoxi-
cation may cause depression, but muscle tremors and seizures are
more common. 1 his is discussed in Secrions 3 and 4.

¥ Ethylene glycol intoxication commonly occurs from ingestion
of antifreeze preparations and several other industrial solvents,
particularly in the fall and spring when car fluids are replaced to
]:':I['L"rl'ilrﬂ' I:-I'JI' F5 | 'L'I._Ii.l]"lg(: IT1 SCASOTIS. Ch‘u: t'ﬂhl(:!irl{}[]n l]'l'- ':‘Il-lti'ﬁ.'l_'L‘EC CAr
be lethal for a cat. The brain can be directly affected by the
toxin or secondarily affected as a result of hypocalcemia, acidosis,
and acute renal failure. Vomiting frequently occurs. Neurologic
signs begin with ataxia and rapidly progress to tremors, seizures,
stupor, and coma. Renal failure follows the onset of neurologic
signs and is dertectable from 24 to 96 hours after toxin ingestion.

¥ Hypocalcemia, azotemia, and a large anion gap are found on
the serum chemistry profile, and severe metabolic acidosis is
'F(_".Ind I I"]l.““.] Has ﬂni—]]?ﬁi.’i. Numerﬂuﬁ Eﬂ.l':ium ﬂxalﬂ.tﬂ' m[‘]nﬂh?"
drate crystals, which are characteristic of ethylene glycol
intoxication, are often found in the urine, and should not be
confused with triple phosphate crystals (Figure 2-8). If no urine



is available, the crystals may be demonstrated in fluid collected
from the bladder after catheterization and instillation of a small
amount of saline. A colorimetric test for ethylene glycol is
available for testing blood or urine samples but is most accurate
if used within 24 hours of ingestion. False-positive results may
result from ingestion of propylene glycol, which is an additive in
some semimaoist pet foods. Companies manufacturing antifreeze
add a substance that causes it to fluoresce under ultraviolet light,
and a Wood's lamp can be used to detect staining around an
animals paws or muzzle or fluorescence in a urine sample.

Figure 2-8 Calcium oxalate
monohydrate crystals in the urine
of a dog with ethylene glycol
intoxication. Note the characteris-
tic spindle and dumbell shapes
(Courtesy of Drs Rick Alleman,
Rose Raskin, and Perry Bain)

¥ 1If animals have been observed ingesting the toxin or ingestion is
suspected and a positive colorimetric or Wood's lamp rest is obtained
before clinical signs are evident, early initiation of treatment can be
curative. In alert animals that are able to swallow, the standard
therapy for intoxication outlined in Table 2-4 can be instituted. Fluid
therapy is essential to eliminate toxins and correct dehydration or
acidosis. Sodium bicarbonate therapy may be considered in some
cases to treat severe acidosis. The treatment of choice for dogs
diagnosed within 24 hours of ingestion is IV fomepizole (Antizol-
Vet, Orphan Medical) or 4-methylpyrazole in a 20 mg/kg loading
dose, then 15 mg/kg at 12 and 24 hours and 5 mg/kg at 36 hours.
For cats treated within 3 hours of toxin ingestion, fomepizole 125
mg/kg TV initially followed by 30 mg/kg at 12, 24 and 36 hours
may be effective. Ethanol is recommended for cats (20% at 5
ml/kg IV every 6 hours for five treatments, then every 8 hours for
four treatments) or dogs (5.5 ml/kg every 4 hours for five treat-
ments, then every 6 hours for four treatments) when
4-methylpyrazole is not available. Animals receiving ethanol must
be monitored very closely and the dose adjusted if necessary to avoid
ethanol toxicosis.

Copyrighted matagal



58

v If the animal is in renal failure, blood dialysis is the best
option but is available at only a few select referral centers,
Peritoneal dialysis is a second option, although it is vypically very
labor intensive. The prognosis is fair in animals diagnosed and
treated ecarly in the course of the illness, but is poor if renal
failure is present unless dialysis is available,

¥ Lead intoxication can occur from ingestion of lead-based
paints, putty, linoleum, roofing material, fishing weights, old
batteries, and improperly glazed ceramic dishes. Young dogs are
most commonly affected, and intoxication is rare in cats.
Anorexia, vomiting, diarrhea, and abdominal pain often occur.
Neurologic signs include demenrtia, blindness, chewing morions,
excessive salivation, hyperacrivity, and seizures. Megaesophagus
and laryngeal paralysis from peripheral nerve involvement may
also occur (Section 6).

v A CBC may show evidence of mild regenerative anemia with
nucleated red blood cells and basophilic stippling of erythrocytes.
Blood lead assays are elevared. Occasionally, metallic substances
are noted within the gastrointestinal tract with radiography of
the abdomen and must be removed from the gastrointestinal
tract before chelarion therapy with calcium EDTA or D-penicil-
lamine (Cuprimine, Merck).

¥ Calcium EDTA is diluted with 5% dextrose to a 1% solution
(10 mg/ml), and 25 mg/kg SQ is given every 6 hours for 5 days
then discontinued for 5 days. The process is repeated if blood
lead levels are still elevated. Oral D-penicillamine may be given
after or instead of EDTA at 10 to 30 mg/kg every 8 hours on an
empty stomach for 1 to 2 weeks. Gastrointestinal upser can occur
and may necessitare use of lower doses. Excessive use of calcium
EDTA can result in renal tubular necrosis, and adequate hydration
during therapy is essential. A newer therapy, succimer (Chemet,
Sanofi), ar 10 mg/ke PO every 8 hours for 5 days then every 12
hours for 2 weeks has shown promise as a superior treatment for
lead intoxication. The prognosis is fair to good with proper therapy
in most animals.

Hypoglycemia

fir As glucose is the main energy supply for the proper function of
nerve cells, hypoglycemia results in weakness, ataxia, muscle tremors,
seizures, dementia, stupor, or coma. Prolonged hypoglyecemia leads wo
neuronal death and permanent brain damage. Clinical signs may be
n:pir-‘.ndic in nature. The causes of hypoglycemia in dogs and cars are
listed in Table 2-5.



Table 2-5

Causes of Hypoglycemia
* |nadequate glycogen storage in toy-breed dogs
(juvenile hypoglycemia)

® |nsulin overdose

® |nsulinoma

® Excessive exercise in fasted hunting dogs

Hepatic failure

Sepsis

Hypoadrenocorticism

Paraneoplastic syndrome (hepatic tumors, leiomyosarcoma)

Excessive parasitism

Starvation (rare)

T A serum glucose level below 50 mg/dl indicates hypo-
glycemia, burt levels can become normal berween hypoglycemic
episodes. A sample taken after a 24 to 48-hour fast may be
necessary to document hypoglycemia. Other biochemical or CBC
abnormalities are usually present in hepatic failure, hypoadreno-
corticism, or sepsis. Elevated pre- and 2-hour postprandial bile
acids support a diagnosis of hepatic failure. An ACTH-stimula-
tion test may be useful to document hypoadrenocorticism. If an
insulin-secreting tumor is suspected, the animal is fasted under
supervision until blood glucose falls below 60 mg/dl, and blood is
collecred in a sodium fluoride tube for a paired plasma insulin
and glucose determination. A high-normal or elevared insulin
level (greater than 10 pU/ml) in the presence of hypoglycemia is
suggestive of an insulin-secrering tumor. An amended insulin-
glucose ratio can also be calculated (Table 2-6).

v Abdominal ultrasonography is superior to plain radiography to
visualize insulinomas or other masses, but because of the small
size of these rumors, surgical exploration with gross examination
and palpation of the pancreas may be necessary for diagnosis.

Table 2-6
Amended Insulin-Glucose Ratio

Plasma insulin (pU/ml) X 100 _
Plasma glucose (mg/dl) - 30mg XpU/mg

Note: A ratio of greater than 30 uUfmg is suggestive of an
insulin-secreting tumaor
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¥ Fifty percent dextrose 1-2 ml/kg IV diluted 1:1 in saline and
administered slowly is indicated to correct hypoglycemia in animals
with stupor or coma. Fifty percent dextrose 1-2 ml/kg PO may be
used in animals able to swallow. Owners may apply a sugar solurion
{cnrn H‘!-’I_LI.P} dirﬂl:fl."_,’ tiy ThE {'}n'll. IMILBCOMLS 'ITIETﬂhnlnE‘H- iF .'i'i.g'.rl."'i CROCUT at
home. In cases of juvenile hypoglycemia, exercise-induced hypo-
glveemia, or insulin overdoses, dextrose therapy alone may be
adequare. Obviously, the reasons for the decompensation or overdose
should be investigated, and the need for continued insulin therapy
fully evaluared, especially in cats, where transient insulin resistance is
a possibility. Animals with heparic failure, hypoadrenocorticism,
sepsis, or a parancoplastic syndrome will require additional specific
therapy for these underlying conditions.

¥ Administration of dextrose to dogs with insulinomas may
remporarily alleviate clinical signs but can stimulate the tumor
to secrete more insulin, resulting in severe hypoglycemia within
a few hours. The goal in such cases should be rto alleviare clinical
signs rather than atrempt to normalize blood glucose. If the
response to dextrose administration is adequate, the animal
should be fed a small, high-protein meal every 4 to 6 hours.
Some animals may require a constant-rate infusion of 2.5% ro
5% dextrose at 3—4 ml/kg/hr IV to control clinical signs. In
refractory cases, it may be necessary to add dexamethasone
0.5-1.0 mg/kg in the IV fluids over 6 hours or octreotide 2040
png SQ every 8 to 12 hours may be necessary.

W Surgical removal of the primary tumor and all visible metas-
tases is the treatment of choice and offers the best long-term
prognosis. When the tumor has been removed, hypoglycemia is
often at least temporarily resolved. However, many insulinomas
have metastasized at the time of diagnosis and the long-term
diagnosis may be guarded to poor. Metastatic foci may nort
secrete insulin for several months.

v Long-term medical therapy consists of feeding three to six small
meals daily, limiting exercise, and administering prednisone 0.25
mg/kg/day PO, Animals refractory to prednisone and dietary therapy
may be given diazoxide (Proglycem, Baker Norton) 5-13 mg/kg PO
every 12 hours. Serum glucose levels are monitored closely unril
stable. With early diagnosis, surgical therapy, and medical manage-
ment, even dogs with metastatic insulinomas may retain a reasonable
quality of life for a year or more. The prognosis may be better for para-
neoplastic processes associated with other rumors, as hypoglvecemia
often resolves with complete surgical excision.
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Hepatic Encephalopathy

f—r The pathophysiology of hepatic encephaloparthy is complex
and multifactorial and remains the subject of considerable
debare. The disorder results from failure of the liver to filrer
pnrt;ll blood from the intestinal tract before it enters systemic
circulation. Ammonia and other toxic products from the inres-
rines enter the circulartion and reach the brain, where they alrer
cerebral function. Other facrors, such as the formation of false
neurotransmitters and cerebral edema, may also play a role. The
causes of hepatic encephalopathy are outlined in Table 2-7.

Table 2-7
Causes of Hepatic Encephalopathy
Congenital

® Extrahepatic or intrahepatic portosystemic shunts
® Hepatic microvascular dysplasia

Acquired

* Acute hepatitis

* Chronic active hepatitis
®* Hepatic lipidosis

* Toxic hepatic necrosis
* Cirrhosis

* Liver neoplasia

¥ Congenital PSS occurs most commonly in small- and toy-breed
dogs and occasionally in cats. Larger dogs rend to have intraheparic
PSS. Hepatic microvascular dysplasia (MVD) occurs maost
commaonly in Yorkshire and Cairn rerriers and other small-breed
dogs. Clinical signs of PSS usually occur within the first year of life,
but can be delayed until middle age. MVD often occurs later than
PSS, and many dogs remain asympromatic for life. Acquired liver
failure may occur at any age.

v The history may reveal episodes of dementia after feeding or
signs compatible with chronic hepatic dysfuncrion. Acute stupor or
coma can occur. Intermittent seizure activity alone is very unusual
with hepatic encephalopathy. Many animals do not have seizures,
and if present, alterarions in mentation are usually obvious., The
physical examination often shows poor growth with PSS or may
reveal abnormalities relared to liver disease. Pryalism 1s common in
cars, and the iris is frequently a striking copper color (Figure 2-9).
The neurologic examination may be normal or may show
dementia, stupor, coma, apparent blindness, pacing, circling, head
pressing, and ataxia.
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Figure 2-9 A cat with copper
colored irises associated with
hepatic encephalopathy.

v The CBC typically shows microcytosis with PSS or may be
inflammartory in cases of hepatitis. Serum biochemical evaluation
may show increases in liver enzymes and decreases in BUN,
cholesterol, albumin, and glucose. Ammonium biurate crystals
are often found in the urine of animals with PSS. Pre- and post-
prandial serum bile acid assays are usually markedly elevated in
all cases with signs of hepatic encephalopathy. Blood ammonia
testing can also be useful, but sample handling is critical—the
sample should be placed into a chilled tube and separated imme-
diately after collection. Animals with MVD may not have
elevared blood ammonia.

. Abdominal radiographs typically show a small liver with PSS,
while cases with heparitis or hepatic neoplasia may show
hepatomegaly. In hepatic MVD and other hepatopathies, liver
size can be normal. Abdominal ultrasonography can further
delineate these abnormalities, and visualizarion of a shunting
vessel is often possible. Transcolonic scintigraphy is useful to
document shunting of blood around the liver. CT or MRI of the
brain may show evidence of cerebral edema but are most useful
to rule-out other disease processes. The definitive diagnosis is
often made with surgery through gross visualization of abnormal
vasculature or with the aid of a portogram. Histologic examina-
tion of a liver biopsy may be necessary to make a diagnosis of
hepatic MVD or acquired acute or chronic liver failure.

¥ Medical therapy consists of correction of fluid and electrolyte

disturbances and reduction of absorption of toxic substances from
the inrestinal tracr. H}rpnknlmnia, metabolic alkalosis, and h}rpue
glycemia can all exacerbate hepatic encephalopathy and must be
corrected if present. A well-balanced, low-protein, high-complex
carbohydrare dier is provided. Lactulose 0.25-0.5 ml/kg PO



every 8 to 12 hours can be given to dogs and cats and the dose
adjusted so that the stool is slightly soft. Lactulose is a semisyn-
thetic disaccharide that acidifies intestinal contents, alters
bacterial flora, shortens intestinal transit time, and reduces
ammonia absorption within the colon. Lactulose may be used
alone or in conjunction with oral neomycin 20 mg/kg every 8 to
12 hours, ampicillin 22 mg/kg every 8 hours, or metronidazole 7
mg/kg every 12 hours to reduce the anaerobic and urea-splitting
bacterial flora in the gastrointestinal tract.

v In comatose animals that are unable ro swallow, lactulose may
be given as a retention enema. After a cleansing enema is given,
an inflated Foley catheter is inserted into the rectum and 20
ml/kg of a mixture of three parts lactulose with seven parts water
is instilled into the lower colon and left in place for 15 to 20
minutes. If lactulose is unavailable, a 10% povodone-iodine
solution may be substitured. If cerebral edema is suspected,
administration of mannitol as a bolus dose 0.25-2.0 g/kg 1V over
10 to 15 minutes followed in 15 minutes by furosemide 0.7
mg/kg IV can be considered.

¥ The surgical treatment of choice for animals with congenital
PSS is partial ligation or attenuation of the anomalous vessel.
Extrahepatic PSS are easier to repair than are intrahepatic
ﬁhuntﬁ. SEVEI'E HEiEUrEE H.I'I'l..:l status EFilE‘PTi'ClIE Are uncoimimon
complications after partial ligation of a PSS and may require
aggressive therapy with potassium bromide or propofol or isoflurane
anesthesia (Section 3). If episodic seizures continue after surgery,
potassium bromide at 22 to 44 mg/kg PO every 12 hours is the
preferred anticonvulsant, as it is excreted by the kidneys and not
metabolized by the liver (Section 3). Specific therapy for heparitis,
hepatic neoplasia, or intoxication should be given as needed. The
prognosis for hepatic encephalopathy varies greatly and depends on
the underlying cause and severity of the clinical signs.

Meningoencephalitis

. Meningoencephalitis or encephalitis is on the differential
diagnosis list for any dog or cat presented with dementia, compul-
sive circling or pacing, stupor, or coma as well as seizures, head rilt,
or other signs of cranial neuropathy, generalized incoordination,
and head rremors (Sections 3 through 6 and 8). Meningirtis,
meningomyelitis, or myelitis can cause neck or back pain, paresis,
or paralysis (Sections 7 through 13). The organisms that most
commonly cause meningoencephaliris, encephalitis, meningoen-
cephalomyelitis, meningitis, meningomyelitis, and myelitis in dogs
and carts are listed in Table 2-8.
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v Although there are many infectious causes of meningoen-
cephalitis in dogs, most cases are not associated with a known
organism ( Table 2-9).

¥ Steroid-responsive meningoencephalitis (SRME) can occur in
dogs of any breed or age and probably represents atypical or mild
cases of -l-:rtrld-l'-.:ﬁ}m:'nwivu Illl..‘l'li.l'lj__;itiS,l'rLil'tl..‘l'iti:i (SRMA), granulo-
matous meningoencephalitis (GME), necrotizing
meningoencephalitis (NME), an immune-mediated disorder, or
an unclassified viral infection. H{:th::;, Boxers, Bernese
mountain dogs, and German shorthaired pointers younger than 2
vears of age are most commonly infected with SEMA, but it does
affect other dogs as well. Many cases of SRMA have severe neck
pain without other neurologic signs. The diagnosis, prognosis
and treatment are discussed in Section 7. NME, also known as
pug encephalitis, affects Pugs, and Maltese and Yorkshire terriers
from 2 months to 10 years of age. Neurologic signs in Pugs and
Maltese terriers are similar and primarily reflect involvement of
the cerebrum (seizures, circling, head pressing, stupor, coma),
whereas Yorkshire terriers typically have brainstem involvement.
A steroid-responsive eosinophilic meningoencephalomyelitis
(EME) occurs in Golden retrievers.

Table 2-9
Noninfectious Causes of Inflammation of the Central Nervous
System in Dogs

DIsSEASE Most Common OTHER TESTS ProGNOSIS
CyToLOGIC RESULTS

OF CEREBROSPINAL
FLuip

Mixed, lymphocytic,

meningoencephalitis | or monocytic

Steroid-responsve CT ar MRI Excellan

| pleocytosis | |
Steroid responsive | Neutrophilic CT or MRI Excellent
meningitis/arteritis pleocytosis
Granulomatous Mononuclear, CT or MRI; Poor
meningoencephalitis | mixed-cell, or neutro- | Histologic

| philic pleocytosis examination of

I brainbiopsy |

Mecrotizing | Lymphocytic CT or MRI; Poor
meningoencephalitis | pleocytosis Histologic

: examination of

! brain biopsy
Easinophilic ' Eosinophilic CT or MR Excellent
meningoencephal- | pleocytosis
omyelitis
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. Body temperature is often normal in animals with menin-
goencephalitis except in cases with systemic infections. A
cardiac murmur may be found in cases of bacterial endocarditis
that have showered bacterial emboli to the brain. Bacrerial
meningitis can also result from hematogenous spread of infection
ﬁ'nm thli" urerus, hlﬂddﬂ'f, FI’E]EtﬂtE, 0r EIHEWhETE in Tht_" I'H‘.Il..i"!.-’ T
from direct extension of bacteria from sinus or ear infections,
animal bites, and neurosurgical procedures. Chorioretinitis can
be found with many infectious agents and GME (Figure 2-10).

Figure 2-10
Chorioretinitis in a dog with
distemper meningoencephalitis.

™. Neurologic signs are usually multifocal in nature, and seizures,
cranial nerve deficits, postural-reaction deficits, and spinal
hyperpathia frequently accompany changes in mentation. The
CBC is usually normal, although leukocyrosis may be seen with
bacterial or fungal infections and thrombocytopenia is often
noted with rickertsial disease. An elevated fibrinogen level is
often seen regardless of cause. Diagnosis rests upon the demon-
stration of inflammartory CSF, which usually consists of
elevations in both the white blood cell count and protein. In
cases of severe stupor or coma, CT or MRI is performed prior to
CSF collection, if pu:-:sil"lh:, to note cerebral edema, mass lesions,
or shifts in brain rissue associated with increased ICP.

. Many cases of meningoencephalitis show patchy, diffuse, or
multifocal lesions on CT or MRI, helping to distinguish them
from primary neoplasia (Figure 2-11). Occasionally, a protozoal
or fungal granuloma, GME, or abecess may appear as a mass indis-
tinguishable from neoplasia on CT and MRI (Figure 2-12).
Histologic examination of a biopsy specimen may be necessary
for a definitive diagnosis.



Figure 2-11 Dorsal T2-weighted MRI of the brain showing multifocal lesions
(arrows) in the cerebral white matter associated with granulomatous menin-
goencephalitis. Fluid is white on T2-weighted images; note the white aqueous
and vitreous humor of the left and right eyes at the top of the picture (the left
cerebrum is on the viewer's right, and the right cerebrum is on the viewer's left).

Figure 2-12

Transverse post-contrast T1-weighted MRI of
focal granulomatous meningoencephalitis in
the right cerebrum (arrow) that might be
mistaken for neoplasia.

& Collection of CSF from the cerebellomedullary cistern in animals
with increased ICI" can lead to brain hemiation (Figure 2-7) into the
low-pressure arca created by CSF removal, resulting in coma, apnea,
or death. Collection of CSF from the lumbar region may be safer in
these animals, although herniation can still occur. 1f increased ICP is
suspected, IV mannitol as a bolus dose 0.25-2.0 g/kg is adminis-
tered over 10 to 15 minutes followed in 15 minutes with
furosemide 0.7 mg/kg prior to CSF collection.

&7



P The diagnosis of meningoencephalitis is suspected when
leukocyric pleocytosis (more than 6 cellsful) is found on CSF
analysis. However, normal CSF or elevated protein alone may be
seen in cases of canine distemper virus (CDV) encephalitis,
other focal parenchymal infections, or GME that does not
communicate with the CSE Leukocyrtic pleocytosis can also be
associated with trauma, intervertebral disk herniation, and
neoplasia, although meningoencephalitis is strongly suspected
when cell counts exceed 50 cells/ul. Cytologic results of CSF can
be similar for many different causes of meningoencephaliris
(Tables 2-8 and 2-9). When neutrophilic pleocytosis is present,
blood and CSF culture for aerobic and anaerobic bacteria or
fungi can be considered. This can be unrewarding, however, even
in cases of bacrerial meningoencephalitis. As much CSF fluid as
possible should be submitted for culture, although the total
amount of CSF removed should not exceed 1 ml/5 kg of body
weight. The most common causes of neutrophilic pleocytosis are
SERMA in dogs and FIP virus in cats (Figure 2-13).

& Meningoencephalitis caused by the rabies virus is often clini-
cally indistinguishable from other viral encephalitides. The
potential for transmission to humans and invariably fatal course
dictate that unvaccinated animals with clinical signs of menin-
goencephalitis for fewer than 10 days should be handled with
caution. Protective clothing and gloves should be worn and
appropriate quarantine measures taken. Serum antibody titers are

Figure 2-13 Pleocytosis consisting of neutrophils (single arrow),
macrophages (double arrow), and lymphocytes (triple arrows) with red blood
cells in the background in a cat with meningoencephalitis associated with the
feline infectious peritonitis virus.



usually not elevated in unvaccinated dogs as the rapid disease
progression does not allow time to mount an antibody response.
Although no reliable premortem diagnostic test for rabies is
available, infedted animals deteriorate and die within 3 to 10
days. If death occurs in a suspect animal, the brain should be
examined by the necessary public health officials. Diagnosis is
made with a fluorescent antibody test and by demonstrating
typical negri badies on histologic examination of brain tissue.

v Serum and CSF assays are available for many infectious organisms
(Table 2-8). If antil‘xﬂy titers are used, immunnginhuhn {Ig} G oand
IgM dererminations are obtained if available. Elevated 1gG levels
indicate previous exposure, vaccination, or chronic infection. An
elevared IgM level suggesrs recent exposure or vaccination (within 3
weeks) or an active disease process. Polymerase chain reaction tests
for specific organisms may be more accurate, if available. Antibody
titers are usually higher in the serum than in the CSF, although some
organisms, notably CDV, may cause intrathecal production of
immunoglobulins, leading to higher CSF riters. In animals with
elevared CSF protein, the presence of CSF IgG may represent
compromise of the blood-brain barrier, especially when serum 1gG
levels are elevated.

v Corticosteroid therapy is the usual treatment for SRME,
SEMA, GME, NME, and EME. Since many dogs have some type
of steroid-responsive meninogoencephalitis and it may rake
several days to obrain the results of infectious organism assays,
corticosteroid therapy as outlined in Table 2-10 is initiated if
there is no evidence of a bacrerial, fungal or protozoal infection.
Several doses of corticosteroids may even be beneficial to reduce
inflammarion in patients with infecrious encephalitis. Oral
erimethoprim-sulfadiazine and occasionally doxyeycline may be
given for 5 to 7 days while assay results are pending. If the assays
indicate an infecrious process, corticosteroid therapy is discon-
rinued and the appropriate antimicrobial therapy listed in Table
2-11 administered.

v 1f GME is suspected or confirmed through histologic examina-
tion of a brain biopsy, the antineoplastic drug procarbazine
(Matulene, Sigma Tau) may be given PO at 2—4 mg/kg/dav for 1
week then increased to 4—6 mg/kg/day. The CBC and platelet
numbers should initially be monitored every week. If the
leukocyte count falls below 4000 cells/ul or platelets are less than
100,000 ful, the drug 1s discontinued until the leukocyte count
returns to normal. Therapy may be needed for 6 to 12 months to
control clinical signs. Periodically withdrawing the drug may be
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tried to test for relapse. Radiation therapy is useful for focal
lesions and can prolong survival time for more than a year in
some cases. Dogs with focal signs have significantly longer
survival times than those with mulrifocal signs. GME may not be
a single disease process, and some lesions have histopathologic
features suggestive of neoplasia.

v Parasire migration may be treared wirh prednisone 0.25-0.5
mg/kg PO every 12 hours to reduce inflammation related to
movement of the organism through the tissues.

v The prognosis for meningoencephalirtis varies with rthe cause
and is outlined in Tables 2-8 and 2-9. Since many dogs have
SEME, the prognosis for eventual recovery is often excellent.

Table 2-10
Treatment of Meningoencephalitis in Dogs When No
Organism Can Be Identified
#* |ntravenous methylprednisolone sodium succinate (Solu Medrol, Pharmacia &
Upjohn) 10-15 mg/kg every 6-8 hours is given for 24 hours if the dog is severely
stuporous, comatose, or has severe seizures or other life-threatening
neurologic dysfunction

® Oral prednisone 1-2 mg/kg every 12 hours is given in milder cases or following
intravenous therapy (signs often improve in 3-5 days)

* Oral or intravenous famotidine (Pepcid AC, Merck) 0.5-1 ma'kg every 12-24 hours,
or cimetidine (Tagamet, SmithKline Beecham) 5-10 mg/kg every 8 hours is given to
protect the gastrointestinal tract from the deleterious effects of the prednisone; oral
sucralfate (Carafate, Hoechst Marion Roussel) 0.25 g for cats or 0.5-1.0 g for dogs
every B-12 hours can also be used, but it must be separated from other oral medica-
tions by several hours, as it may bind them and reduce efficacy

® QOral or intravenous trimethoprim-sulfadiazine 15 mg/kg every 12 hours is often
given while the results of infectious organism assays are awaited and is discontinued
if assay results are normal

® Oral or intravenous doxycycline (Vibramycin, Pfizer) 5 ma/kg every 12 hours may
be given while rickettsial assay results are awaited if infection with these organisms
is suspected

® Oral prednisone is continued for 3-4 weeks or until signs resolve and then reduced
by 25%-50% every 2-4 weeks until alternate-day therapy is feasible; if signs return as
the dose is reduced, the drug is increased to the original amount for a few days and
then reduced to the last effective dose; many dogs are tapered from prednisone
therapy after 3-6 months and remain free of clinical signs

® |n refractory cases consider the addition of procarbazine {see text for details)




Table 2-11
Antimicrobial Therapy for Infectious Meningoencephalitis
Bacterial infections (provide oral therapy for 4-6 weeks with one or more of the following):
* Trimethoprim-sulfadiazine 15-30 mg'kg every 12 hours or
ormetoprim-sulfadimethoxine (Primor, Pfizer) 15 mg'kg every 12 hours

®* Chloramphenicol (Chloromycetin, Monarch) 45-60 mg'kg every 8 hours for dogs
and 25-50 mg/kg every 12 hours in cats (chloramphenicol should not be used in con-
junction with pentobarbital, phenabarbital, primidone, or diphenylhydantoin)

* Metronidazole (Flagyl, SC5) 10-15 mg/kg every 8 hours in dogs and 10 mg/kg
every 12 hours in cats (monitor for additional CNS signs, which may be caused by
neurotoxicity — Section 5)

® Enrofloxacin (Baytril, Bayer) or ciprofloxacin (Cipro, Bayer) 2.5-5 mg'kg every 12
hours in dogs or cats (monitor visual impairment from retinal degeneration in cats
[Section B])

Protozoal infections (provide oral therapy for 2-4 weeks with one or more of the following):
® Trimethoprim-sulfadiazine 15-30 mg/kg every 12 hours or ormetoprim-sul-
fadimethoxine (Primor) 15 mg/kg every 12 hours
® Clindamycin (Antirobe, Pfizer) 5-10 mg/kg every 12 hours in dogs and cats (may
add to trimethoprim-sulfadiazine therapy)

® Pyrimethamine (Daraprim, Glaxo Wellcome) 0.5-1.0 mg/kg once daily for 3 days
then reduced to 0.25 mg'kg once daily for 14 days in dogs and cats (may add to
trimethoprim-sulfadiazine therapy). Some immunosuppression may be seen; animals
should be closely monitored.

Rickettsial and spirochete infections (provide oral therapy for 10-14 days)
® Doxycycline (Vibramycin, Pfizer) 5 mg/kg every 12 hours for dogs or cats

Fungal infections (provide oral therapy for 3-6 months with one of the following):

® Fluconazole (Diflucan, Pfizer) 2.5-5.0 mg/kg once daily in dogs or 2.5-10 mg/kg
every 12 hours in cats (best CNS penetration)

® Itraconazole (Sporanox, Janssen) 5 mg/kg once daily in dogs and 10 mg/kg once
daily in cats
® Ketoconazole is not recommended
FIV infections (oral therapy)
® AZT or zidovudine 15-20 mg/kg every 12 hours indefinitely.

Hydrocephalus

f— Hydrocephalus is dilatation of the ventricular system of the
brain and is most commonly observed as a congenital disorder in
toy breed or brachycephalic dogs younger than 1 year of age.
Hydrocephalus can also occur secondary to an acquired obstruc-
tion of CSF flow by cerebral neoplasia or meningoencephalitis,
decreased CSF absorption by meningoencephalitis or trauma, and
overproduction of CSF associated with a choroid plexus tumor.
Loss of brain tissue from inflammation or degeneration adjacent
to the ventricular system results in passively enlarged ventricles.
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v" Clinical signs are often chronic and progressive but may be
episodic or acute in nature. Such behavioral abnormalities as
dementia, aggression, compulsive circling or pacing, and diffi-
culty in training are common (Figure 2-14). Seizures may also
occur (Section 3). In cases of congenital hydrocephalus, a
persistent fontanelle, due to failure of the sutures of the skull to
close completely, and bilateral ventrolateral strabismus are often
noted. Some hydrocephalic dogs have a normally formed skull,
and some dogs with a persistent fontanelle do not have congen-
ital hydrocephalus. The gait may be normal, araxic, or paretic,
and some animals have visual deficits. Hippus (rhythmic dilation
and constriction of the pupils) may be noted.

Figure 2-14
A kitten with dementia associated
with hydrocephalus.

v Lack of the normal gyral pattern caused by smoothing of the
inner calvarium in congenital hydrocephalus may be visible on
plain skull radiographs. Enlarged ventricles may be detected with
ultrasonography through a persistent fontanelle. Ventricular
dilatation is obvious on CT and MRI (Figure 2-15). Increased
amplitude and decreased frequency of waveforms seen on EEG
are characteristic of but not pathognomonic for hydrocephalus.
Leukocytic pleocytosis or elevations of protein may be found on
(SF evaluation if hydrocephalus is secondary to meningoen-
cephalitis or neoplasia.

. In animals with acquired hydrocephalus, the underlying cause
should be addressed accordingly. Medical therapy of congenital
hydrocephalus consists of prednisone 0.25-0.5 mg/kg PO every
12 hours for 1 week. Therapy should be tapered to the lowest
alternate-day dose able to control the neurologic signs. Response



Figure 2-15 Dorsal T1-weighted MRI of the kitten in Figure 2-14 showing mas-
sive ventricular enlargement (arrows) (fluid is dark on T1-weighted images; see
the two eyeballs at the top of the picture).

to medical therapy is often good, and prednisone may evenrually
be discontinued after several months. Anticonvulsant therapy
with oral phenobarbital 2—4 mg/kg every 12 hours or potassium
bromide 22 to 44 mg/kg every 12 hours should be provided if the
animal has seizures (Section 3). This therapy may have to be
continued indefinitely.

& Dogs with a persistent fontanelle and thin calvarium are more
susceptible to hemorrhage from head injuries, and mild trauma can
exacerbate the clinical signs. Exacerbation of the signs can also
occur spontancously and may require the prednisone therapy to be
repeated. If severe stupor, coma, or cluster seizures occur, the
animal may be treated with IV mannitol 0.25-1.0 g/kg over 10-
15 minutes and methylprednisolone sodium succinate 10 to 15
mg/kg every 8 hours for 24 hours followed by oral prednisone.

v Surgical placement of a ventriculoperitoneal shunt, which
drains excess (_SF from a lateral ventricle into the peritoneal
cavity, may provide long-term control of hydrocephalus.
Occlusion of the shunt tubing and infection are potential
complications of this procedure. The prognosis depends mainly
on the degree of neurologic impairment, and varies widely. Some
dogs with severe ventricular dilatation only have mild behavioral
abnormalities while others can decompensate and progress to a
comatose state that is unresponsive to therapy.
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Neoplasia

f—r Brain tumors are typically seen in animals over 5 years of
age, although younger animals are occasionally affected.
Brachycephalic breeds, such as Boxers, Boston terriers, and
Bulldogs are predisposed to astrocytomas and oligoden-
drogliomas. Geriatric cats often have slow-growing meningiomas.
Clinical signs are usually chronic and progressive in nature,
although acute deteriorations—sometimes associated with spon-
taneous hemorrhage—can be seen. Cerebral dysfunction and
altered mentation are related both to the tumor and to the
secondary edema. Seizures are also commonly observed (Section
3), and asymmetric cranial nerve or postural-reaction deficits
may aid in localization of the lesion.

v" CT or MRI usually demonstrates a mass lesion (Figure 2-16).
However, although certain tumors have characreristic imaging
appearances, it should be remembered that other causes, including
infectious disease and hemorrhage, can produce mass lesions in the
brain. Thus, definitive diagnosis may require biopsy and histologic
analysis. Ultrasonography or CT-guided biopsies of lesions may allow
definitive diagnosis so that an optimal therapeutic plan can be made.
&  As discussed with meningoencephalitis, collection of CSF is risky
in patients with increased ICF, as brain hemiation is possible (Figure
2-7). If increased ICP is suspected, IV mannitol as a bolus dose
0.25 to 2.0 g/kg is administered over 10 to 15 minutes followed in
15 minutes with furosemide 0.7 mg/kg prior to CSF collection.
Elevation of CSF protein without concurrent pleocytosis is typical
with neoplasia, although occasionally mild-to-marked elevations of
leukocytes in the CSF confuse the diagnosis. Several different tumors
found in dogs and cats are listed in Table 2-12.

Figure 2-16 Transverse post con-
trast T1-weighted MRI showing a
mass that is compressing the left

cerebrum (arrows) of a cat with
progressive dementia.



Table 2-12
Types of Cerebral Neoplasia

* Meningioma

®* Astrocytoma

® Dligodendroglioma

® Choroid plexus papilloma/carcinoma
® Ependymoma

® Pituitary adenoma

® Lymphoma

® Primitive neuroectodermal tumor

® Metastatic neoplasia

v Trearment of cerebral neoplasia involves combinations of
surgery, radiation therapy, and chemotherapy. Although cran-
iotomy for the removal of meningioma is often very effective in
cats (Figure 2-17), this group of tumors tends to be aggressive in
dogs, and adjuncrive radiation therapy is usually indicated.
Radiation therapy without excisional surgery can be considered
Tor soime tumors. [._]rﬂi. ]nmuzjtine 15 hEI.i.E\-"Ed T H].'."‘"l."i.' fumeior
growth and may be an option for some animals. Lomustine 60
mg/m PO is given, and a CBC and platelet count is performed
every week for 5 weeks. If the leukocyte count is 5000 cells/ul
or above and platelets are in the normal range, then the
lomustine dose is increased to 80 mg/m . Monitoring the CBC
.1n+.| i""l.”L‘].l."T.‘l- l..'i.ﬂ'l:tilll.]l..’?h and treatments are I'l."l"'i..“.ITL‘l.] CVETY -"._? o o
weeks. If the CBC and platelet counts remain stable, they are
then monitored every 1 to 3 months. Prednisone 0.25-0.5 mg/kg
PO every 12 hours can reduce secondary cerebral edema and
relieve clinical signs for several months in some cases. New
|1'|.:|.".'iII'I'|_'l_‘“ I SUTECTY, TLI'..IIdI'i.'."-I'l tl'lL‘l":'I;"'g.-'r 'dn{.'.l l.'.i'.lt.‘l'l'l.i'lr]'l!."'l".-ir“_f AT
improving the prognosis for cerebral neoplasia.

Figure 2-17 The mass shown in Figure 2-16 removed; histopathologic examina-
tion showed it to be a meningioma, and the cat recovered completely.
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Cerebrovascular Disorders

f—r Cerebrovascular disorders (strokes) include brain infarction
or ischemia, and spontaneous hemorrhage. Alrthough common in
humans, these disorders occur only occasionally in dogs and cats.
Thrombus formation secondary to coagulopathies, sepsis,
neoplasia, localized vasospasm, or heartworm infection can
obstruct the flow of blood to specific brain regions.
Atherosclerosis associated wirth hypothyroidism, idiopathic
hyperlipidemia, polycythemia, and angiocenrtric lymphoma are
rare causes of cerebral infarction or ischemia in small animals.
Feline ischemic encephalopathy appears to be related ro
migration of the parasite Cuterebra spp. through the cerebrum in
cats. Spontaneous hemorrhage may occur secondary ro hyperten-
sion, arteriovenous malformartions or similar congenital
anomalies, cerebral neoplasia, vasculiris, or coagulopathies.

v Acute onset of dementia, stupor, or coma is typically noted.
Seizures and other neurologic signs are often seen depending on
the brain region affecred. Examination may reveal evidence of an
underlying systemic disease or asymmetric neurologic deficits,

v' Acute hemorrhage is best visualized on a CT scan, although
MRI is more sensitive in detecting edema related to infarctions and
in the visualization of brainstem lesions (Figure 2-18). Blood
pressure should be evaluared to rule our hypertension. Bleeding
times and plarelet counts and funcrion rests should be evaluated for
possible coagulopathies prior to CSF collection. The underlying
etiology of a cerebrovascular accident often cannot be found. 1f
increased ICP is suspected, intravenous mannitol as a bolus dose
0.25-2.0 g/kg is administered over 10 to 15 minutes followed in
15 minutes with furosemide 0.7 mg/kg prior to CSF collection.
CSF evaluartion may reveal frank blood or eryvthrophagocytosis.

v Treatment should be tailored to address the underlying
disease, if one exists. Prednisone 0.25-0.5 mg/kg PO every 12
hours for 3 to 5 days with subsequent tapering may be consid-
ered in such cases as animals with aberrant parasite migration.
The prognosis for cerebrovascular disorders depends on the
severity of the neurologic signs, locarion of the lesion, and
ability to correct underlying disease.



Figure 2-18

Transverse flair MRI of a transverse
section of the brain showing
infarction in the right caudate
nucleus in a dog (arrow).

Hypoxia and Anoxia

8 Hypoxic and anoxic brain insults can occur secondary to
anesthetic accidents, respiratory depresai,nn from drugs or head
trauma, smoke inhalation, severe pulmonary disease, and suffoca-
tion from aspiration of vomitus or foreign bodies. Since oxygen is
necessary for proper energy metabolism of the brain, hypoxia or
anoxia leads to neuronal death and cerebrocorrical necrosis.
Reperfusion and reoxygenation during resuscitation or recovery
can lead to the excessive release of excitatory amino acids and
production of free radicals, which cause further injury to the
brain. Dementia, stupor, coma, seizures, and blindness may occur.
The diagnosis is usually obvious, but tests such as pulse oximetry,
arterial blood gas analysis, and measurement of blood carboxyhe-
moglobin levels, can help to characterize the problem.
Pulmonary disease or aspiration pneumonia may be assessed with
thoracic radiographs. MRI of the brain may be useful in deter-
mining the extent of cerebral edema initially and cerebrocortical
necrosis later.

v" Oxygen therapy should be administered as soon as possible
after the injury. Systemic hypotension, acidosis, and dysfunction
of other body systems are treated accordingly. The use of corti-
costeroids in this setting is controversial and has not shown clear
benefits. Newer treatments for reperfusion injury are currently
being investigated. As with head-injured animals, some animals
suffering severe brain damage can recover with time and
adeguate nursing care. Recovery may continue for 9 to 12
months. In other cases, neurologic deficits, such as blindness and
changes in mentarion or behavior, may persist.
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Cognitive Dysfunction Syndrome

v Cognitive dysfunction syndrome (CDS) may be suspected when
no cause can be found for progressive dementia in elderly dogs.
Clinical signs of CDS include a loss of rraining, inappropriate
urination or defecarion, decreased activity and attention, altered
interactions with family members, and changes in the sleep-wake
cycle. The neurologic examinarion is otherwise normal. Blood
tests, urinalysis, and CSF analysis are also normal, and there are no
specific diagnostic tests for this condition. Brain atrophy with
ventricular enlargement may be found on CT or MRL

& Selegiline hydrochloride (Anipryl, Pfizer) 0.5-1.0 mg'kg PO
once daily in the morning may improve mentation. The dose should
not exceed 2.0 mg/kg/day and should not be used concurrently with
tricyclic antidepressants, such as clomipramine, amitriptyline, and
imipramine, or serotonin reuptake blockers, such as fluoxetine
(Prozac, Dista), as toxicosis and death can occur. Improvement is
typically noted within 1 month of the initiation of therapy.
Vitamin E 30 IU/kg/day not to exceed 400 1U every 12 hours is
a potent and readily available antioxidant with neuroprotective
effects and may be beneficial in CDS. Gingko biloba standardized
extract 2—4 mg/kg every 8 to 12 hours is an herbal preparation
that increases cerebral blood flow, and may also be useful for
CDS. Prescription diets are available to support brain function.

Rare Causes of Stupor
and Coma

Diabetes Mellitus

v Some dogs and cats with diaberes mellitus may develop
dementia, stupor, or coma due to a hyperosmolar syndrome with or
without ketoacidosis. Concurrent clinical signs often include severe
dehydrarion, weakness, tachypnea, and vomiting, and an acetone
odor may be detected on the breath. Serum glucose is often
profoundly elevated (greater than 600 mg/dl). Other laboratory
abnormalities include increased serum osmolality {(grearer than 350
mOsm/kg), hypernatremia, prerenal azotemia, metabolic acidosis,
and glucosuria. The therapy, which consists of rehydration and
gradual reduction of blood glucose, is complex and beyond the
scope of this text. Serum electrolytes, particularly porassium and



phosphorus, must be monitored closely to avoid additional compli-
cations. The prognosis for most animals is fair to good with
aggressive medical therapy.

Hypothyroidism

v" Myxedema coma associated with hypothyroidism occurs rarely
in dogs. Stupor or coma is accompanied by bradycardia,
hypothermia, and occasionally seizures. If pitting edema is present,
and microcyric anemia and elevared cholesterol are found on the
CBC and chemistry profile, respecrively, the diagnosis may be
suspected but serum total T4, free T4, and TSH levels should be
evaluated on all dogs with stupor or coma of unknown cause.
Orther complications, such as hyponatremia and hypoventilation,
can be seen. The serum total T4 or free T4 levels are very low or
undt‘.tﬂctﬂblﬂf ::lnl;.l ST TSH ].E"I.-"E].."i- are Elﬂ"h’éitﬂ'd. ThL' EEG
appears flat. Ventilatory support may be needed, and the animal
may appear to be near death. Levothyroxine sodium (Synthroid,
Knoll Pharmaceurical) 5 mg/kg IV every 12 hours is given for 1 to
2 days as soon as the diagnosis has been established.
Levothyroxine sodium is then given 0.02 mg/kg PO every 12
hours, and serum levels are monitored every 2 weeks until the
patient is stable. Additional trearment consists of correcting
hypothermia and electrolyte imbalances and general nursing care.
The prognosis is good if therapy is initiated early, and marked
improvement is usually seen within 24 hours. Thyroid replacement
therapy is often needed indefinitely.

Hyponatremia

v Low serum sodium, or hyponatremia, affects the osmotic
balance of the brain and vascular system and causes cerebral
edema. Artaxia, dementia, stupor, coma, and seizures may result.
Hyponatremia can be associated with hypoadrenocorticism,
chronic diarrhea secondary to endoparasitism, or loss of sodium-
rich fluids from severe burns or chronic effusions. A syndrome of
inappropriate secretion of antidiuretic hormone is also recog-
nized after head trauma and cerebrovascular accidents.

v The diagnosis is usually straightforward afrter examination of a
serum biochemical profile, and levels less than 130 mEqg/] are
considered dangerous. An ACTH-stimulation test may be useful
to document hypoadrenocorticism. Fecal flotation facilitates the
diagnosis of endoparasitism. CT or MRI can be considered if a
cerebrovascular accident is a possibility or to investigate the
extent of known head trauma.
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. It is useful to consider hyponatremia in light of serum osmo-
larity. Hyponatremia with a normal or increased serum
osmolality suggests that other substances, such as lipids, glucose,
pl"l’.?tlﬂi“, LTl €0 t(?xinﬁ. dare E‘ltl'nicting water l-.ntlf'.l the I5.-’?.51:.._.]].?']"
space and diluting the sodium. Hyponatremia with hypoosmo-
larity (<280 mOsm/kg) suggests increased total body water
relative to sodium from the mechanisms listed above.

v’ Treatment consists of correcting the sodium deficit and treating
any underlying disease. Rapid correction of chronic hyponatremia can
lead to damage of the myelin sheaths of neurons (myelinolysis) and
turther neurologic deterioration. Some guidelines for correction of
hyponatremia are outlined in Table 2-13.

v The prognosis for hyponatremia is good with appropriate
therapy if the underlying condition can be successfully treated.

Table 2-13

Guidelines for the Correction of Hyponatremia
® |f hypovolemia is present, correct with intravenous 0.9% saline

® |f hypervolemia is present, give intravenous furosemide 2-4 mg/kg

N Calculate the sodium deficit as follows:
Na deficit (mEg/1) = (140 - serum Na ) x (body weight in kilograms) x 0.3

® Replace the sodium deficit over 12-24 hours using 0.9% saline or hypertonic saline
(3%-5%), if necessary (avoid rapid correction as myelinolysis and further deterioration
is possible)

® Mild cases with excessive intravascular volume may respond to cautious

water restriction

Hypernatremia

v Elevared serum sodium, or hypernatremia, adversely affects
the osmotic balance between the brain and vascular system and
causes cerebral dehydration. Cerebral hemorrhage may also occur
from damaged blood vessels due to shifts in brain tissue. Artaxia,
dementia, stupor, coma, and seizures are the most common signs,
but cranial nerve deficits may be seen secondary to hemorrhage.
Hypernatremia can be associated with decreased water intake,
diabetes insipidus, diabetes mellitus, heat stroke, renal failure, or
rarely from the ingestion of toxic quantities of salr.

. Sodium values greater than 180 mEqg/L can cause severe brain
dehvydrarion. Elevated BUN, creatinine, or glucose on the serum
chemistry profile with isosthenuria or glucosuria supports a
diagnosis of renal failure or diabetes mellitus. Examination of
urine specific gravity in association with water deprivation and



possibly antidiureric hormone administration can aid in a
diagnosis of diabetes insipidus if the animal is alert enough for
this procedure.

v’ If hypernatremia is chronic, correction of the sodium
imbalance is cautiously performed to avoid iatrogenic cerebral
edema. The plan for fluid replacement therapy should be consid-
ered in light of the body systems, as multiple systems are often
involved. Some guidelines for fluid replacement therapy for
hypernatremia are outlined in Table 2-14.

v If the underlying disease can be treated, appropriate correc-
tion of the hypernatremia usually results in a funcrional recovery.

Table 2-14
Guidelines for Fluid Replacement Therapy for Hypernatremia

® |f perfusion is poor, correct volume deficits rapidly with sodium-containing
crystalloids or colloids:

® Correct dehydration over 12-24 hours with lactated Ringer’s solution, 0.9% saline,
or 0.45% saline

® Re-rmeasure sodium and correct remaining extracellular water deficit with the
following formula:

Water deficit (liters) = [(New Na - 140)/140] x (body weight in kq) x 0.6

Uremic Encephalopathy

v Uremic encephalopathy can be associated with severe acute or
chronic renal failure and azotemia. The pathogenesis is not
entirely clear, but as with hepatic encephalopathy, it may be
associated with failure to clear toxic metabolites and develop-
ment of cerebral edema. Clinical signs include depression, stupor,
coma, weakness, and seizures. The diagnosis is presumptive, and
is based on biochemical evidence of renal failure. Systemic
hypertension leading to cerebral hemorrhage may contribute to
clinical signs in some animals with chronic renal failure.
Treatment is focused on the correction of azotemia and other
concurrent problems, such as hypertension and electrolyte abnor-
malities. The prognosis is usually poor.
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Thiamine Deficiency

v Routine feeding of well-balanced pet foods has made defi-
ciency of thiamine (vitamin Bl) a rare condition. Howewver, this
disorder can still occur in animals fed all fish or cooked-meat
diets. Thiamine, like glucose and oxygen, is necessary for normal
energy metabolism in the brain, and deficiency leads to neuronal
necrosis and brainstem hemorrhage. Dementia, stupor, seizures,
blindness, mydriasis, dysequilibrium, and ventroflexion of the
neck may be seen. IV thiamine 10-20 mg in cats and 25-50
mg in dogs is given and then repeated SQ daily until signs
resolve. Thiamine 2 mg/kg PO once daily may be given to
supplement the diet. If therapy is initiated early, complete
recovery is usually seen.

Lysosomal Storage Disorders

v Lysosomal storage disorders result from the congeniral absence
or inactivity of a specific lysosomal enzyme. The substrate
normally metabolized by that enzyme accumulates within the
cells leading to cellular death or dystuncrion. Although the cells
of many body systems can be affected, neuronal cell death causes
progressive and permanent neurologic deficits. Animals are
typically younger than 1 year of age, although clinical signs may
not manifest until middle age or later in some diseases.

. Many breeds of dogs and cats are affected, and the clinical
signs vary with the specific enzyme deficit (Table 2-15). Initial
signs of dementia or aggression are most commonly associated
with GMZ gangliosidosis, fucosidosis, and ceroid lipofuscinosis.
With some disorders, connective tissue or skeletal involvement
or hepatosplenomegaly may be evident. Diagnosis of these
diseases has traditionally been difficult without necropsy and
histologic examinartion of the brain. However, CT and MRI
studies may show characreristic changes with some diseases,
making a presumptive diagnosis possible in an appropriate breed.
Other potential diagnostic tests are also listed in Table 2-15.

v Finding a laboratory thar assays leukocytes for a specific
enzyme can be difficult, and obtaining results can be slow. Lymph
node, liver, muscle, peripheral nerve, or brain biopsy may show
accumularion of storage material within various cells, and special
histologic stains may help differentiate the type of substrate
stored. No effective therapy is currently available. The prognosis
for these diseases, because of their progressive nature, 1s poor.
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Epidermoid, Dermoid, and
Arachnoid Cysts

v Epidermoid, dermoid, and arachnoid cysts may rarely occur in
the brain and cause neurologic signs. They are sometimes found
incidentally at necropsy. Increased availability of CT and MRI
has led to increased recognition of these strucrures in small
animals. Surgical removal may be successful in some cases.
Arachnoid cysts can cause progressive compression of the spinal
cord and are discussed in Secrion 13.

Lissencephaly

v Lissencephaly is a congenital absence of the normal gyri and sulci
of the brain (Figure 2-19). The cerebral cortex is also missing
certain cell layers and is thinner than normal. Lhasa Apsos are most
frequently affecred, although lissencephaly may affect other breeds
of dog and cats. The disorder occurs in animals younger than 1 year
of age, and signs consist of dementia, aggression, seizures, and visual
dysfuncrion. The lack of gyri and sulci and thin cortex may be visu-
alized on MRI. There is no specific therapy for this condition.
Seizures may be controlled with anticonvulsant drugs (Section 3).

The prognosis is poor.

Figure 2-19 The brain of a dog with lissencephaly showing a smooth surface
due to the lack of normal gyrn and sulci.



Section 3

Selzures
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Definitions

Seizure (convulsion, ictus, fit): Clinical manifestation of excessive
and/or hypersynchronous neuronal discharges in the brain; may
manifest as episodic impairment or loss of consciousness; abnormal
motor phenomena; psychic or sensory disturbances; or autonomic
nervous system signs, such as salivation, vomiting, urination, and

defecation (Figures 3-1, 3-3, 3-4, 3-5 and Table 3-1).

Figure 3-1

Seizures have many
clinical manifestations
but tonic-clonic limb
movements are commaon.

Epilepsy: A chronic neurologic condition characrerized by
recurrent selzures.

Tonic: A sustained increase in muscle contraction lasting a few
seconds to minures; during a seizure may result in a facial
grimace, opening of the jaws, dorsal extension of the head and
neck and extension of the limbs.

Clonic: Regularly repetitive, brief, involuntary muscle contrac-
rions; during a seizure may cause facial twitching, chomping of
the jaws, and jerking movements of the neck and limbs.
Tonic-clonie: Alternating periods of tonic and clonic acrivity.
Atonic: Sudden reducrion or loss of muscle tone.

Status epilepticus: Continuous seizure acrivity lasting longer
than 10 minutes or the occurrence of multiple seizures without
recovery of baseline neurologic function berween episodes.
Cluster seizures: Two or more seizures occurring within a
24-hour period.

Prodrome: A behavioral phenomenon that precedes the onset of
a seizure; the animal may hide, follow the owner, or appear
restless or frightened.

Aura: A subjective sensation that marks the onset of a seizure;
difficult to recognize in veterinary medicine unless the animal



vomits, salivates, or inappropriately urinates or defecates imme-
diately before onset of the seizure.

Localizing sign: Asymmetric motor involvement of the face or
limbs at the onset of a seizure.

Postictal phase: Atypical behavior that immediately follows the
seizure; the animal may be restless, delirious, lethargic, confused,
blind, thirsty, hungry, inappropriately urinate or defecate; may
last from a few seconds to several hours.

Lesion Localization

v Lesions that cause seizures are shown in Figure 3-2 and are
located in the:

® Cerebrum

* Diencephalon

Figure 3-2 Dysfunction of the cerebrum or diencephalon causes seizures
(the dots indicate the lesion localization).
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Figure 3-3 A diagram of the Figure 3-4 A diagram of the
electrical disturbance associated electrical disturbance associated
with a generalized seizure. with a focal seizure.

Figure 3-5 A diagram of the electrical disturbance associated with a focal
seizure that secondarily generalizes.
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Table 3-1
Types of Seizures
Generalized seizures: Abnormal electrical discharges affectin'n_:]' the cerebral heﬁsplierei__
bilaterally and usually causing symmetric signs (Figure 3-3).
® Generalized tonic-clonic seizures (grand mal): Bilaterally symmetric tonic-clonic
movements of the face, jaw, and limbs; the animal is unconscious (eyes may be
open), in lateral recumbency, and often salivates, urinates, and/or defecates
®* Other variations of generalized motor seizures: May be exclusively tonic, clonic,
or atonic, and the animal may be fully conscious, mentally altered, or unconscious;
animal often salivates, urinates, and/or defecates
® Absence seizures (petit mal): Impaired consciousness with lack of or minimal
motor activity; poorly recognized in animals
Focal (partial) seizures: Abnormal electrical discharges of the neurons in a focal area of
the brain (Figure 3-4); may have asymmetric motor or sensory signs, such as twitching of
the eyelids, lips, or ears, or pawing at the face on one side; rare manifestations are episod-
ic vomiting or diarrhea; the animal may display bizarre behavior, howling, aimless running,
or circling (complex partial or psychomotor seizures or running fits)

Table 3-2
Classification of Epilepsy and Other Causes of Seizures

FormER TERMS DESCRIPTION

Usep 1IN VETERINARY
LITERATURE

Idiopathic epilepsy Primary epilepsy or Serzures without an
inherited epilepsy underlying structural lesion
of the brain or other
neurologic signs; presumed
to be genetic and are usually
| age-dependent
Symptomatic epilepsy Secondary epilepsy Seizures caused by an
identifiable structural lesion
of the brain (head trauma,
encephalitis, neoplasia,
hydrocephalus, lissencephaly,
or lysosomal storage disorder)

Probable symptomatic Cryptogenic epilepsy or Seizures believed to result
epilepsy acquired epilepsy from a structural lesion of
the brain although no cause
can be identified; suspected
residual brain damage from a
previous intracranial or
extracranial disorder
Extracranial disorders Reactive seizures Disorders, such as hepatic
encephalopathy,
hypoglycemia, and
intoxications, that may
cause seizures but are not
considered to be epilepsy
Based on the current recommendations of the International League Against Epilepsy.
Epilepsia 42:796, 2001,
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Warning: Some disorders mimic seizures and must be
differentiated from seizures

*= Syncope (fainting): Animals with syncope typically collapse without
motor activity for a brief period (30-60 seconds) and immediately recover;
may need to monitor cardiac rhythm during the attack (Holter monitor)

® Acute vestibular disease: Animals with acute vestibular attacks may
roll uncontrollably and become distressed; they usually remain conscious
and often have a head tilt and nystagmus (Section 5)

* Narcolepsy: Narcoleptic attacks may appear similar to syncope but are
associated with food or excitement, and the animal can be awakened
(Section 16)

* Rapid-eye movment (REM) behavior disorder: Involuntary motor
activity that only occurs during REM sleep; the animal can be awakened
(Section 16)

* Episodic dyskinesia: Involuntary focal muscle contractions suspected to
be caused by basal nuclei or spinal cord lesions; unresponsive to anticon-
vulsants (Section 16)

Differential Diagnosis by
Age Group

Younger Than 1 Year of Age

J Hl_'i-ld trauma—common in L.Il.'lﬂ!"u ':'II'II..I cats

v' Intoxication—common in dogs and cats

v Hypoglycemia—common in dogs, occasional in cats

v Meningoencephalitis—common in dogs and cats

v Hepatic encephalopathy—common in dogs, occasional in cats
v" Hydrocephalus—common in toy-breed dogs, occasional in others

v Probable symptomatic epilepsy—common in dogs older than 6
months of age

v" ldiopathic epilepsy—occasional in select breeds of dogs older
than & months of age

v Hypocalcemia—occasional in dogs and cats

v Thiamine deficiency—rare in dogs and carts

J L?Hl]ﬁ(?mﬂl HI_"['.II':-'IEE' L]'i..“i-l'll'i.fﬂl'.“i-—rﬂrﬂ in ij'['.lj._{."i- H.'I'I.l..] CcAats

v Lissencephaly—rare in dogs and cats



1 to 5 Years of Age

v Probable symptomatic epilepsy—common in dogs, occasional in cars

J H}"dﬂ_‘rﬂtﬁphﬂlI..I."i-—Cl.'llTl.'lTll'l'l'l in Loy I."}I'l:l.:d L]{}HH-, i}i.:l;:-l!ii{}['li'll in
'l'.‘.lthl._‘]' L:I'l'.‘.rgbi- :J.l'll_:l Ccats

v Head trauma—common in dogs and cars

v Meningoencephalitis—common in dogs and cats

v Intoxication—-common in dogs and cats

v Heparic encephalopathy—common in dogs, oceasional in cats
v ldiopathic epilepsy—common in select breeds of dogs

v Hypoglycemia—occasional in dogs and cars

v' Hypocalcemia—occasional in dogs and cars

v Cerebrovascular disease—occasional in dogs and carts

v" Thiamine deficiency—rare in dogs and cars

v’ Neoplasia—rare in dogs and cats

Older Than 5 Years of Age

v Probable symptomatic epilepsy—common in dogs, occasional in cars
v Meningoencephalitis—common in dogs and cars

v’ Neoplasia—common in dogs and cats

v Hypoglycemia—common in dogs and cars

v Hepatic encephalopathy—occasional in dogs and cars

v Head trauma—occasional in dogs and cars

v Intoxication—occasional in dogs and carts

v ldiopathic epilepsy—occasional onset in dogs 5 to 7 years of age
v Cerebrovascular disease—occasional in dogs and cars

v Hypocalcemia—occasional in dogs and cats

v Thiamine deficiency—rare in dogs and cats

v Uremic encephalopathy—rare in dogs and cats

v Polycythemia—rare in dogs and cats
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Diagnostic Evaluation

Important Historical Questions

¥ The history is often the most important aspect of evaluating
an animal with seizures, as only the owner usually observes
seizure events and rhe neurologic examination is frequently
normal. The history is also critical o developing an appropriate
diagnostic and therapeutic plan. The following questions will
help develop a thorough history and subsequently an appropriate
therapeutic plan.

* Was the first seizure within the past few weeks or months
ago! Extracranial disorders and symptomartic epilepsy may be
considered higher on the differential diagnosis list if the seizures
began recently; idiopathic and probable symptomatic epilepsy
may be more likely in an animal that has had intermitrent
seizures for many months and is normal berween episodes.

* How frequent are the seizures! Are there episodes of status
epilepticus or clusters! Is there a repeatable seizure pattern?
Idiopathic or probable sympromatic epilepsy usually begins with
a single seizure and then gradually becomes more frequent,
often progressing to cluster seizures or status epilepticus over
time. Many dogs with long-term seizures have a predictable pat-
rern when seizures will occur (e.g., every 4 weeks). The seizure
frequency and partern also impact decisions regarding the initi-
ation i'lni.:l I.'"_'.’Fl: I'JF ':intil:l]ﬂ?l.llﬁﬂnr thur&:‘np}n

® Is there a prodrome! Describe. If the owner can be warned of
an impending seizure by consistent behavioral changes, they
might be able to abort or reduce seizure activity by administer-
ing rectal, nasal, or oral anticonvulsant drugs. Occasionally,
other animals in the household sense the prodrome and can
warn the owner.

* What is the appearance of the seizure! Generalized seizures
are commonly associated with extracranial causes of seizures
and inherited epilepsy and occasionally with symptomatic and
probable sympromatic epilepsy. Focal seizures and focal seizures
that secondarily generalize are associared with an intracranial
disorder like symptomatic or probable sympromaric epilepsy.
Focal seizures thar begin in the facial muscles and then general-
ize with little motor movement are more common in cats than
in dogs.



* |s a videotape of the seizures available or can the owner
obtain one? A videotape of the episodes can be helpful to dif-
ferentiate seizures from other disorders and to determine
whether the seizures are symmetric or asymmetric.

¢ How long are the seizures! Most seizures last a few seconds
or minutes: focal seizures may be brief but can occur in clusters.

® |s there a postictal phase? Describe. ldentification of a pos-
tictal phase can be important to confirm seizures, as such activi-
ty is not seen with syncope, narcolepsy, or rapid-eye-movement
(REM) behavior disorder. In rare instances, the animal may
have to be sedared because of prolonged hyperactivity during
the postictal phase and occasionally may become aggressive.
Such animals should not be handled until this phase resolves.

® s the animal normal between the seizures? If the animal’s
behavior is abnormal berween well-spaced seizure events, then
seizures from extracranial disorders or symptomatic epilepsy is
more likely.

* Are the seizures associated with sleeping, feeding, fasting,
exercise or stressful situations? Some dogs with idioparthic
epilepsy or probable symptomatic epilepsy may seize while
sleeping but cannot be awakened like animals with REM
behavior disorder. Seizures following feeding may be associated
with hepatic dysfuncrion. Seizures during fasting, exercise, or
stress may be associated with hypoglycemia. Stressful situations
may precipitate seizures in a few dogs with idiopathic or proba-
ble symptomatic epilepsy.

* Do seizures occur after application of pesticides to the animal
or environment! Some epileptic animals will have seizures after
exposure to topical or environmental pesticides that do not
adversely affect normal animals. The owner should be questioned
regarding a relationship between seizures and house or yard spray-
ing or administration of medications for parasite control.

* Has there been exposure to other drugs or toxins!
Intoxication is a common cause of seizures, and exposure to
prescription, over-the counter, illegal drugs, nutriceuticals, and
herbal preparations should be gquestioned. Insulin overdose in
diabetic animals frequently causes seizures and altered menta-
tion. Some ceramic products (dishes and bowls), fishing
weights, older paint, caulking compounds, golf balls, and other
products contain lead that can be toxic to animals. Animals
thar roam freely may have access to ethylene glycol (antifreeze)
especially in the spring and fall.
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* What is the pet’s vaccination status! Incompletely vaccinat-
ed animals can have seizures associated with the canine distem-
per or rabies viruses; animals incompletely vaccinated for rabies
that are exposed to wildlife should be handled with appropriate
precaution, including use of protective gloves and clothing,
quarantine, and limited human contact.

* Has there been a recent or past illness or neoplasial As
with the history in other problems, questions regarding recent
or past lethargy, anorexia, vomiting, diarrhea, coughing, sneez-
ing, polyuria/polydipsia, or polyphagia are asked to find evi-
dence that might indicare extracranial disorders or symptomatic
epilepsy associated with a systemic infection or neoplasia.

* Was there a recent or past head injury? Seizures may occur
at the time of a head injury or up to 2 years later from residual
brain scarring.

* |s there a familial history of seizures? If the parents, sib-
lings, or other relatives have epilepsy, an inherited problem
should be suspected.

* What is the diet? Although rare, thiamine deficiency can
cause seizures in dogs and carts. Inadequate nurtrition leading to
hypoglycemia can cause seizures in toy-breed dogs.

* What previous medications or treatments have been given
for seizures?! Current anticonvulsant medications or other ther-
apies and their effectiveness should be documented to help
develop an effective strategy for long-term seizure management
if necessary.

* How frequent can the client administer medications? The
ability of a client to medicate and provide long-term manage-
ment of an animal with seizures should be discussed, as mainre-
nance anticonvulsant drugs may have to be given every 8 to 12
hours for the life of the animal.

Warning: Some topical products for flea and tick control considered
safe in normal animals may precipitate status epilepticus and death in
epileptic dogs and cats.



Physical and Neurologic
Examinations

v Auscultate the chest for evidence of murmurs, arrhythmias, or
abnormal lung sounds.

v" Evaluate body temperature, mucous membrane color, lymph
node size, and note evidence of systemic illness.

v Carefully palpate the abdomen for evidence of neoplasia.

v" Examine the retina for evidence of choriorerinitis indicating
systemic infections or granulomatous meningoencephalitis (GME).
v A thorough neurologic examination is essential to detect
abnormaliries other than seizures. The animal may be demenred
or stuporous shortly after the seizure or as a result of anticonvul-
sant therapy. The neurologic examination should be repeated
after recovery from the seizure. Animals with asymmertric neuro-
logic abnormalities most likely have SYmMpromatic or prnhahle
symptomatic epilepsy.

Applicable Diagnostic Tests

Diagnostic plans for specific types of seizures are shown in

Figure 3-6. An algorithm of seizures, diagnosric tests, and
diagnosis is shown in Figure 3-7.

v" A complete blood count (CBC), serum chemistry profile, and
urinalysis are useful ro idenrify extracranial causes of seizures and
are often part of the preanesthetic evaluarion.

v' A leukocytosis or leukopenia may be apparent on the CBC in
cases of systemic infection, bur it is often normal with meningoen-
cephalitis. Polyeythemia is obvious on examination of the CBC.
v Hypoglycemia, hypocalcemia, other electrolyte abnormalities,
elevared liver enzymes, and renal dysfunction may be found on
the serum chemistry profile and may be associated with seizures
or anticonvulsant therapy.

v" Urinalysis may derect renal insufficiency or failure, calcium
oxalate crystals associated with ethylene glycol intoxication, or
ammonium biurate crystals associated with liver dysfuncrion.

v' Pre- and post-prandial serum bile acids or blood ammonia
assays are useful to dertecr liver dystuncrion.

v If organophosphate or lead intoxication is suspected, measure-
ment of serum cholinesterase and blood lead levels might be useful.
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Figure 3-6 Algorithm of diagnostic plans for specific types of seizures. CBC =
complete blood count; CSF = cerebrospinal fluid analysis; CT = computed
tomography; MRl = magnetic resonance imaging; UA = urinalysis
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Figure 3-7 Algorithm of seizures, diagnostic tests and diagnosis.
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v A colorimetric test for ethylene glycol intoxication is
available for testing blood or urine samples, but this test is most
accurate if used within 24 hours afrer ingestion of the roxin.

v Thoracic and abdominal radiography and abdominal ultrasonog-
raphy can be performed ro evaluate the liver and kidneys or to
detect primary or metastaric neoplasia or cardiopulmonary disease.
v Ultrasonography of the brain may be useful in some hydro-
cephalic animals.

v A cardiac event recorder or a Holter monitor may detect
arrhythmias associated with syncope.

v Transcolonic scintigraphy may be useful to detect a portosys-
temic shunt in animals with hepatic encephalopatchy.

v" Electroencephalography (EEG) may be diffusely abnormal in
extracranial seizure disorders and symptomartic or probable symp-
tomatic epilepsy but is often normal in other animals with
probable sympromartic and idiopathic epilepsy. Intericral parox-
ysmal spikes may be seen on EEG in animals with epilepsy that is
poorly controlled with anticonvulsant drugs.

v The following are tests that are performed under general anes-
thesia, as well as their potenrial findings:
e Computed tomography (CT) or magnetic resonance imaging
(MRI1) should be considered in any animal with recurrent
seizures. CT or MRI is recommended in animals with interictal
neurologic deficits, focal seizures, seizures refractory to drug
therapy, or seizures that begin at less than 1 or greater than 5
yvears of age.
e Cerebrospinal fluid (CSF) analysis will help to rule in or rule
out symptomartic epilepsy.
* Histologic examination of a brain biopsy specimen may pro-
vide a definitive diagnosis and characterize the disease process.
v Bacrerial or fungal culture of CSF and blood and serum and
CSF assays for specific organisms are also obrained if an infec-
tious process is suspected.



Seizure Disorders

i~ Head rrauma, meningoencephalitis, hydrocephalus, cere-
hr[]\-"ﬂ.ﬁrﬁ:lllﬂr L‘Ii:.";l.'lrt{'.."'l'.‘i. EETE‘hl’H] ]'I.E'ﬂ'pl:'lﬁ-i:—l. l?ﬁi?ﬂ]mﬂl EI.'{TI'HEE'
disorders, and lissencephaly commonly cause seizures and are
fl."."'l'_ﬂl'l'l.':d Ly as .‘\"g-'l'l'llﬂl.'i"l.l'l'.”l{.' Epilup:i}'. ThL' SCIZUres :-l'['lLI [hL"‘ 'Ll'l"llj'."!r"
lying cause must be treated if possible. Seizures associared with
extracranial disorders, such as intoxication, hypoglycemia,
hepatic encephalopathy, renal failure, electrolyte disturbances,
thiamine deficiency, and polycythemia, must also be treated
along with the underlying cause (Figure 3-8). The causes of
hypoglycemia are discussed in Section 2, and outlined in Table
2-5. The causes of hepatic encephalopathy are outlined in Table
2-7. An overview of some common toxicants that cause seizures
1s found in Table 3-3. Many toxicants cause ataxia, tremors,
stupor, and coma. When in doubt about a substance, the ASPCA
National Animal Poison Control Center (888-426-4435) or
other poison control centers can offer assistance. Many extracra-
nial disorders and disorders that cause symptomatic epilepsy also
cause dementia, stupor, or coma. | he diagnosis, treatment, and
prognosis are discussed in Secrion 2. Hypocalcemia can cause
seizures but often produces tremors and is discussed in Secrion 4.

Figure 3-8 A 12-week-old
toy poodle with a history of
vomiting, anorexia, stupor and
seizures from hypoglycemia;
correcting the serum glucose
resolved the seizure disorder.
(Courtesy of Dr. Brian Luria.)
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ToxIN

Rodenticides

Table 3-3

Toxins That Cause Seizures

CLINICAL SIGNS

OMSET

SPECIFIC ANTIDOTE

Alphachloralose Ataxia, seizures, Acute None
aggression, coma

Bromethalin Seizures, paralysis Delayed Mone

Strychnine Seizures Acute None

Zinc phosphide Seizures Acute MNone

Anticoagulants Rare seizures, rare paralysis| Delayed Vitamin K1 (2.5 mg/kg

PO or 5Q daily)

Cholecalciferol Rare seizures Delayed Calcitonin

Heavy Metals

Lead Seizures, hysteria, ataxia, | Acute if Ca-EDTA (25 mg'kg
tremors, blindness, high dose | QID 5Q for 5 days) and
megaesophagus others (see Section 2)

Thallium Rare seizures, tremaors, Acute Dithizone (50 mg/kg PO
ataxia, depression, paresis TID for 5 days)

Organic mercury Ataxia, hypermetria, Delayed D-Penicilhimine (10-30

tremaors, seizures, blindness

mg/kg PO QID for

1-2 weeks)
Lithium Tremors, ataxia, coma, Acute None
selzures
Pesticides
Organosphosphates | Miosis, salivation, Acute | Pralidoxime chloride
or carbamates lacrimation, tetany, for organophosphates
seizures, coma {20-50 mg/kg IM)
Atropine for both
(0.2 mg/kg IM)
Pyrethroids Hyperexcitability, tremors, | Acute or None
SEIZUres delayed
Metaldehyde Seizures, tremors, Acute None
hyperthemia
Organochlorines Seizures, tremors Acute None
Household products
Ethylene glycol Depression, seizures, Acute 4-Methylpyrazole,
ataxia, coma Ethanol (see Section 2)
Methylxanthines— Hyperactivity, ataxia, Acute None
caffeine, chocolate, | rare seizures

tea

IM =intramuscularly; PO=orally; QID=every & hours; 50=subcutaneously; TID=every 8 hours.



Probable Symptomatic Epilepsy

% Animals often have seizures that continue after recovery from
a previous head injury, encephalitis, controlled hypoglycemia,
surgically excised neoplasia, or surgically corrected extrahepatic
portosystemic shunts. In some cases, the seizures may begin up to
2 years after these disorders. Other animals have seizures of no
known cause, and inherited epilepsy is not considered likely.
These cases are called probable symptomatic epilepsy and
rEH-id.'l._lH]. h'l'i-'lil'l di-'lmﬂgE ’Frurn | knuwn O LII-IL'CI'I.[]W“ FI'L'\"i['IIJH
process is suspected. Seizures are usually focal or focal with
!-'-EC['I]'IL{HF'}-’ HE“EFHIiZHti{}ﬂ hllt CET HI.!".-I'.'} hl:." generulized.

v Video documentation of asymmetry during the seizure is
important for dog breeders who are concerned abourt idiopathic
{inherited) epilepsy if the physical and neurclogic examinations
and all diagnostic tests are normal. Some animals with probable
sympromatic epilepsy have asymmertric hopping or conscious
proprioceptive deficits or other focal neurologic deficits. There
My I."l'L' El}l.:ill. Elhn[?rmﬂlitit'& i T.I"I.C' EEG. hut CT, MRI. :.lrl.liJ. CSF
analysis are normal and differentiates it from symptomatic
epilepsy. Although probable symptromatic epilepsy may be difficule
to differentiate from idiopathic epilepsy, they both have identical
therapies that revolve around control of the seizures.

Idiopathic Epilepsy

pilep
. ldiopathic (inherited) epilepsy has been documented in
Beagles, German shepherds, Belgian tervurens, Keeshonds, and
Dachshunds and is suspected in Saint Bernards, Australian
shepherds, Labrador retrievers, Golden retrievers, Irish setters,
standard poodles, springer spaniels, cocker spaniels, Lhasa apsos,
border collies, and many other purebred dogs (Figure 3-9),
Idiopathic epilepsy has not yet been documented in cats.
Generalized seizures with loss of consciousness are most common
and u:-iu;llh-' hugin between 1 to 3 vears of age, but a few d{}gs
begin seizures between 6 months and 1 year or 3 to 7 years of
age. The onset of seizures is almost always insidious, beginning
with a seizure every few weeks or months but then becoming
progressively more frequent. Many dogs eventually develop
cluster seizures or status epilepticus. In rare cases, this may be the
first known seizure activity. German shepherds, Australian
shepherds, Belgian tervurens, springer spaniels, Labrador
retrievers, and Saint Bernards are prone to cluster seizures.

101



Figure 3-9 Idiopathic epilepsy
occurs in German shepherds and is
suspected to occur in many other
breeds of dogs.

v" The diagnosis is suspected in a purebred dog with generalized

SeizUres ans




Table 3-4
Stop the Seizures!
Drugs for the Treatment of Status Epilepticus

1. If hypoglycemia is suspected in a juvenile toy breed dog or diabetic animal receiving
insulin, administer 50% dextrose 1-2 mikg IV diluted 1:1 in saline slowly over several
minutes. Oral 50% dextrose 1-2 mlkg may be used if a vein is not accessible.

2. Diazepam 0.5-1.0 mg/kg IV up to a maximum dose of 10 mg in dogs and 5 mg in
cats will often stop the seizures. This dose can be repeated twice within a 15-minute peri-
od if seizures continue or recur. The anticonvulsant effect lasts 15-30 minutes. Injectable
diazepam solution may be administered intranasally at a dose of 0.5-1 mg/kg or rectally
0.5-2.0 mg/kg if a vein is not accessible. Intranasal and rectal absorption are relatively
quick and are preferable to subcutaneous, intramuscular, or oral routes.

3. Diazepam constant-rate infusion (CRI) (Table 3-5) can be used in animals that are
refractory to single injections or as an adjunct for longer-term control. Diazepam CRI
is particularly useful in dogs having severe cluster seizures but not actively seizing

on admission,

4. Pentobarbital sodium 3-15 mg/kg IV is given slowly to effect until seizures are con-
trolled if single injections of diazepam are ineffective, diazepam CRI is unavailable, or rapid
control of convulsive activity is critical. Pentobarbital sodium is a general anesthetic with-
cut significant anticonvulsant properties, but it controls the physical manifestations of
seizures thereby reducing hypoxia, hypoglycemia, and hyperthermia and is neuroprotec-
tive. Careful monitoring of respiratory and cardiovascular function is required (Table 3-8},
Pentobarbital may be repeated periodically or given as a CRI at 2-5 mg/kg/hr. Animals
recavering from pentobarbital often paddle: This is not due to seizure activity and more
pentobarbital is not needed.

5. Animals already receiving oral phenobarbital must continue to receive it at the
regular dose and dosing interval; it may be administered intramuscularly or intravenous-
ly if the animal cannot swallow. Oral anticonvulsants should be used as soon as the
animal is able to swallow.

6. Animals not currently receiving oral phenobarbital therapy may receive a loading dose
of phenobarbital 4-5 mg/kg IV every 30 minutes for four doses to achieve rapid blood lev-
els, and dosing should be continued at 2.5 mg/kg every 12 hours. Phenobarbital is usually
administered concurrently with diazepam to provide a more sustained anticonvulsant
effect in dogs or cats suspected of having intoxication or symptomatic epilepsy or those
that have a history of recurrent episodes of status epilepticus. Phenobarbital blood levels
should be monitored and should not exceed 35 ug/mil.

7. If status epilepticus is refractory to the above treatments, one of the following can be
tried, although respiration, heart rate, and blood pressure must be closely monitored:

* Propofol 0.1-0.6 mg/kg/min can be administered by CRI; hypoxemia secondary to
apnea and myocardial depression are serious potential side effects.

* |soflurane inhalation anesthesia may be used but necessitates ventilation and
close monitoring. Hypotension may occur during therapy. Avoid enflurane because it
may cause seizures,
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Table 3-5
Constant-Rate Infusion Diazepam
1. Administer diazepam as an IV constant-rate infusion (Figure 3-10) at a dose of
0.1-2 mg/kg/hr if seizures are not controlled by single injections. Start at the low end
of the range and gradually increase the dose as needed to control the seizures. Most
animals respond to 0.25 mg/kg/hr or less.

2. Diazepam can be irritating; a central vein is preferred; avoid the jugular vein if
increased intracranial pressure is a concern.

3. Administer with a syringe pump (Figure 3-10) or dilute with 0.9% NaCl or 5% dex-
trose in a small IV bag or buretrol system.

4. Diazepam is degraded by light and bound by plastic. Run a small amount of the
solution through the tubing before administration and prepare only 2-4 hours worth of
solution at a time. Cover the line with light resistant brown plastic or aluminum foil.

5. A reasonable goal is to maintain a seizure-free state for 12 hours before attempting
to wean the animal from the diazepam. At this time, the infusion rate can be halved
every 4-6 hours and then discontinued. If seizures recur, the rate is increased to the
previous level and reduced later.

Figure 3-10
A constant-rate infusion pump that can be used for diazepam administration.
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Table 3-6
Monitoring and Further Treatment for Status Epilepticus

® Monitor respiration. Apnea may occur during a seizure but is usually transient.
Drugs may cause respiratory depression and necessitate oxygen or ventilatory therapy.
Neurogenic pulmonary edema is a possible sequel of seizures and may necessitate
oxygen therapy. In severe cases, animals may have to be maintained on a ventilator.
Decisions should ideally be based on the results of arterial blood gas analysis.

* Monitor cardiac rate and rhythm. Tachycardia is common during a seizure but
the heart rate returns to normal once the seizure has stopped. Bradycardia may result
from the medications needed to control the seizures. Bradycardia below 40
beats/minute may have to be treated with atropine sulfate 0.02-0.04 mg/kg or gly-
copyrrolate 0.01 ma/kg 5Q or IV.

* Monitor body temperature. Hyperthermia often occurs during a seizure but
usually resolves once the seizure has stopped. If body temperature rises above
106F ice packs or cool (not ice cold) water and a fan may be used to bring it
down. The temperature should be monitored and cooling stopped at 38.9 C(102°
F) to prevent hypothermia.

®* Insert an intravenous catheter for fluid and drug administration. Maintenance
fluid therapy should be given in animals unable to drink. Fluid therapy may be
increased if the blood pressure is low or myoglobinuria occurs.

* Monitor blood pressure. Hypertension associated with seizure activity should
resolve once the seizure is stopped. Hypotension may occur from anticonvulsant drug

therapy but often improves with intravenous fluid therapy and control of bradycardia.

Isatonic saline, with potassium chloride supplementation, may be initiated at a main-
tenance rate of 2 mikg/hr.

* Monitor serum glucose. In animals suspected to have hypoglycemia as the cause
of their seizures, obtain a serum sample prior to administration of dextrose if possi-
ble. Hyperglycemia commeonly occurs during seizures due to the release of glycogen
stores from the liver. Hyperglycemia resolves once the seizures are stopped and
should not be treated with insulin. Fifty percent dextrose 1-2 mlkg IV diluted 1:1 in

saline and administered slowly over 5-10 minutes will correct hypoglycemia if present.

Serum glucose is re-evaluated several hours after therapy and later after fasting if it s
unclear whether hypoglycemia is the cause or result of the seizures.

* Monitor arterial blood gases. Marked respiratory acidosis then metabolic acidosis
can occur during prolonged seizures. Once the seizures are controlied, metabolic aci-
dosis should resolve without treatment.

* Monitor urine for discoloration. Myoglobinuria can cause kidney damage. Reddish
brown urine may be associated with myoglobinura and intravenous fluids should be
increased to 2-3 times maintenance rates to protect the kidneys from damage.

®* Prolonged seizures can result in cerebral edema. Oxygen therapy will reduce
cerebral edema. Mannitol 0.25-1.0 g/kg IV followed by furosemide 0.7 mg/kg IV 15
minutes later can be useful to treat cerebral edema.

® |nitiate therapy for the underlying disease process if possible.

®* Monitor recovery from sedation. Paddling of the limbs s common during
recovery. Such activity can be differentiated from seizures as seizures usually have
tonic, clonic, or tomic-clonic imb movements.

105



106

Maintenance
Anticonvulsant Therapy

¥ When seizures recur more than once a month, occur in
clusters, or last more than 5 minutes, anticonvulsant therapy is
recommended. Some seizures may be controlled with acupunc-
ture, herbal therapy, homeopathic remedies, or other alternative
therapies. Orher animals require one or more anticonvulsant
drugs. The most common anticonvulsant drugs used in dogs are
phenobarbital and porassium bromide (KBr). Phenobarbiral and
i_l_"l. SOMNE CAsSCSs di;lzepﬂm dAre 'I,]:'i'l,'!-d fur CAars. ..r'l:‘.l. gllidt_" tiy Thﬂ LS l.'l'I'_
oral anticonvulsant therapy for epileptic dogs is found in

Table 3-7. Oral diazepam is nor an effective anticonvulsant in
dogs and has been associated with a rare idiosyncratic hepatotox-
1ICIEY 1N sOme cats.,

Phenobarbital

v Oral phenobarbital often controls seizures within 72 hours. If
seizures are not controlled within 7 days, the dosage can be increased.
Although 5 mg/kg every 12 hours is the highest suggested phenobar-
bital dose, some small dogs need 8 mg/kg every 12 hours to reach
therapeuric serum levels. Phenobarbiral elixir 3 mg/ml may be the
easiest way to make small adjustments in the dose for small dogs and
cats, although 8-mg phenobarbital tablets are also available. A serum
phenobarbital level should be evaluared after the animal has received
a consistent dose for 2 weeks to ensure thar it does not exceed 35
pe/ml, as hepatotoxicity can occur.

v Sedation, ataxia, polyuriafpolydipsia, and polyphagia are
common side effects of phenobarbital and may necessitate dosage
reduction or change to another anticonvulsant. Phenobarbital
occasionally causes hyperactivity in dogs and cats, and this may
be alleviated by replacing the phenobarbital with mephobarbital
{a related drug) ar the same dose. Some animals become tolerant
to phenobarbital after a few months, and the dose must be
increased ro maintain the same effective serum level. Alterations
of the dose are best made in conjuncrion with an evaluation of
[hE.‘ current seruimn phunuhurhinll ]L"\."'L‘I..

W As hepatotoxicity can occur in dogs on phenobarbital, liver
function should be monitored with pre- and post-prandial bile acids
every 3 to 6 months for the first year of therapy. Serum alkaline
phosphate and alanine aminotransferase levels may be elevared due



Table 3-7
A Guide to the Use of Oral Anticonvulsant Therapy for
Idiopathic or Probable Symptomatic Epilepsy in Dogs

1. Evaluate seizure frequency

* |f seizures occur once a month or less, may try acupuncture alone or other alter-
native therapy or KBr 22 mg/kg PO every 12 hours.

* If seizures occur multiple times a month, begin phenobarbital 2-4 mg/'kg PO
every 12 hours. Control of seizures can occur within a few days. If seizures contin-
ue at the same frequency after 7 days, increase the dose of phenobarbital by 10%
every 5 to 7 days up to 5 mg/kg every 12 hours if needed.

= If cluster seizures occur, begin phenobarbital 2-4 mg/kg PO every 12 hours com-
bined with KBr 22 mg/kg every 12 hours. Cluster seizures are rarely controlled by
phenobarbital alone,

2. If seizures continue at an unacceptable frequency after 14 days, measure peak
serum phencbarbital level (2-4 hours after oral phenobarbital is given).

* If the serum phenobarbital level is below 20 ug/ml increase the phenobarbital
dose by 10% and repeat serum phenobarbital levels in 10-14 days. Repeat 10%
increases of dosage and monitoring serum phenobarbital levels until the serum
level is between 30-35 ug/ml or the seizures are controlled at a lower level.

* If the serum phenobarbital level is 30-35 pg/ml and the animal is not on KBR,
begin KBr at a dose of 22 mg/kg every 12 hours.

* If the serum phenobarbital level is greater than 35 pg/mil, liver damage may
occur, 5o decrease the dosage by 10% every 10-14 days until a serum level of 30-
35 ug/ml is obtained.

3. If the seizures are controlled and the animal is sedated or ataxic on the com-

bined drug regimen, reduce the phenobarbital dose by 10% every 7 days as needed
until sedation resolves.

4. If seizures continue, increase the KBr dose by 10% every 7 days until the seizures
are controlled; if sedation develops, keep the KBr dose constant and reduce the pheno-
barbital by 10% every 7 days until sedation resolves.

5. Measure serum bromide levels in 3-4 months. In dogs with poorly controlled clus-
ter seizures, the serum level may have to be 4000-5000 yg/ml before control is
achieved. (Most laboratories will report toxic levels). Chloride level will be elevated on a
serum chemistry profile (most tests measure bromide ions as chloride).

6. If serum phenobarbital and bromide levels are adequate and the dog is still
seizing, consider a diagnosis of active intracranial or extracranial disease or refractory
epilepsy. Assistance from a specialist may be required.

7. Adding acupuncture at any phase may assist seizure control.
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to enzyme induction, but liver function should remain normal.
Hepatotoxicity has not been documented in cats. ldiosyncratic
cutaneous hypersensitivities and blood dyscrasias rarely occur. Once
seizures are controlled and liver function appears normal, yearly
evaluarion of the serum phenobarbital level, serum chemistry
profile, pre- and post-prandial bile acids measurement, and a CBC
should be done. Any dramatic change in results from one year to
the next may signal potential intoxicarion.

& Phenobarbital should never be abruptly discontinued as
status epilepticus may result. Phenothiazines, narcorics, antihist-
amines, other CNS depressant drugs, valproic acid, and
chloramphenicol may increase the effects of phenobarbital and
cause severe sedation and respiratory depression. Phenobarbiral
may decrease the effect of chloramphenicol, doxyecycline,
metronidazole, theophylline, corticosteroids, B-blockers, and
quinidine. Any drug considered for a dog or cat on phenobarbital
therapy should be reviewed for porential drug interactions.

Potassium Bromide
v Oral KBr can be the first line of therapy for some dogs (22mg/kg

PO every 12 hours), but it may cause inflammatory lung disease in
cats and should only be used in this species if liver funcrion is
abnormal or if phenobarbital is ineffective. The KBr dose for cats is
15 mg/kg every 12 hours or 30 mg/kg/day. KBr is not metabolized
by the liver but is excreted by the kidneys. It must be given with a
meal ro avoid vomiring from gastrointestinal irritation—dividing
the daily dose into two separated doses may result in better
tolerance. Because KBr is excreted in the kidneys, it should be used
with caution and at reduced doses in animals with renal insuffi-
ciency.

v KPBr is not commercially available and must be made by a
compounding pharmacist. KBr crystals readily dissolve in water
and can be prepared in any strength, although 250 mg/ml 15 the
most common. [he crystals can also be placed in gelatin
capsules, but this is not recommended inirially because the liquid
torm of KBr allows for easy dosage adjustments. The owner
should wear gloves to avoid skin absorption and place the recom-
rnl-_'nded d{}HE [ 3 | PiEEE t}f hri_":][_l 0T ."'i['l'i'r]”. Amount l'.l'l:- Fl]l'ld l']._li-l'r
the animal will completely eat to ensure that the correct amount
is given. Ligquid KBr placed directly into the mouth may end up
LI thﬂ' CVWTLET Or thﬂ' ﬂuur. :-l'I'I.LI l'I._IL' cOorrect Ll'['.l."iL" Ay ot hL‘ f_:"i.l’l_‘n.
Some animals dislike the taste and refuse the drug even in food.
KBr can be compounded into corn syrup or chicken stock, which
is often readily consumed even by finicky eaters.



& The chloride content of the diet may alter the concentration
of KBr in the blood, and the diet should be kept as consistent as
possible. A change to salty food or snacks containing high levels
of sodium chloride may reduce KBr levels, and seizures may
result. Changing the diet may necessitate altering the KBr dose
to maintain the serum bromide at effective levels. If renal disease
develops, KBr intoxication may occur.

v For frequent cluster seizures, KBr may initially be combined
with phenobarbital 1-2 mg/kg PO every 12 hours, as KBr may
not be effective for several weeks. When KBr begins to take
effect, animals often become sedared, at which time the pheno-
barbital dose can be reduced by 10 % every 7 days until sedation
resolves. The phenobarbital dose may be reduced gradually over
the months that follow and then discontinued if the seizures
remain controlled. Serum KBr levels may be evaluated in 3 to 4
ml'.]nth:'i WhE‘n '.'I_IE‘}" TE:;'“.:]._l k| ."i-tt:i-“.].'].r statc.

#® KBr should never be abruptly discontinued unless in acute
respiratory distress of cats as status epilepticus may be precipi-
tated. The KBr dose may have to be increased to as much as 50
mg/kg every 12 hours to achieve a therapeutic serum bromide
concentration. Dose adjustments are best made in conjuncrion
with evaluation of serum levels.

"‘ KBr may cause inflammatory lung disease in cars after a
month or more of therapy, and the dose should be tapered and
the drug discontinued.

v Under special circumstances when seizures cannot be
controlled by other means and the patient can be closely
monitored, a loading dose of KBr 25 mg/kg every 6 hours may be
given over a 3-day period to rapidly increase the serum bromide
concentration. As KBr intoxication can cause acute pancreatitis,
severe sedarion, and dearth, this technique is not recommended
for routine use. If sedation and ataxia develop, the drug is
reduced to 22 mglkg every 12 hours. KBr loading doses should
never be given to animals with renal discase.

W Polyphagia may occur in some dogs on KBr therapy. A low-
calorie diet may have to be instituted to prevent excessive
weight gain. If the sodium chloride content differs from the
regular diet, the dose of KBr may have to be adjusted to maintain
therapeurtic levels. Polydipsia/polyuria can occur with KBr
therapy but is less common rhan with phenobarbital therapy.
Cutaneous reactions have been observed in some dogs, especially
those with a history of dermatitis. Personality changes, such as
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sedation, irritability, constantly seeking attention, and aimless
wandering or pacing, may also occur. KBr may cause pelvic limb
stiffness which disappears when the KBr dose is reduced. The adverse
effects of KBr are reversible once the dosage is reduced and KBr is
generally a very safe drug. When the seizures are conrtrolled, the
serum bromide levels, CBC, and serum chemistry should be evaluared
annually. Serum chloride levels will appear falsely elevared as most
chemistry analyzers mistake the bromide ion for chloride.

Monitoring Therapy

v' As with any therapeutic drug monitoring, serum s‘amples should be
collected in a plain glass tube (red top). Serum separator tubes, which
contain silicon, should be avoided because silicon may bind drugs and
falsely lower the reported level. In most cases, the serum level of the
phenobarbital and KBr do not vary significantly over a 12-hour period
once a steady stare is achieved, and the serum sample can be collected
at any time. In animals whose seizures are difficult to control, peak (2
hours after the pill) and trough (8 to 12 hours after the pill) measure-
ment of serum phenobarbital levels may be useful to detect cases of
rapid metabolism. Such animals may benefit from administration
every 8 hours. Serum anticonvulsant drugs are monitored for the
reasons outlined in Table 3-8.

W Most laboratories report serum phenobarbital concentrations of
15 to 45 pug/ml as therapeutic, although this is highly variable
between individual animals. Some animals may require high levels of
phenobarbital for seizure control. However, the risk of hepatotoxiciry
increases when the serum phenobarbital level exceeds 35 pg/ml.
Serum levels of KBr of 1000-5000 pg/ml ( 1000-5000 mg/dl or
1-5 mg/ml) are considered therapeutic. The units of measurement
for KBr levels in serum vary from laboratory to laboratory and can be
confusing. Many laboratories will indicate that levels over 2000 pg/ml
are toxic, which is not the case for dogs.

Table 3-8
Reasons to Monitor Serum Levels of Anticonvulsant Drugs
When seizures are controlled:
®* To determine the effective therapeutic level for an individual animal

® To ensure drug levels are below hepatotoxic ranges

If seizures are not controlled:

® To determine if an increased dose or different anticonvulsant is needed

* To determine what changes need to be made if the animal becomes sedated,
ataxic, or ill from liver or kidney disease or if it has begun a new drug therapy or diet
that may alter serum levels of the anticonvulsant




¥ Maintenance anticonvulsant drugs may have to be continued
for years and often for the rest of the animal’s life. In some cases,
the medicarions may be reduced after the animal has been free of
seizures for 1 year and then slowly rapered over the following
several months. The ultimate goal is to reduce the frequency and
severity of the seizures with doses of medication that produce
minimal side effects and are unlikely to result in toxicity. The
animal may still have a few seizures a year. Advice to owners of
epileptic dogs is outlined in Table 3-9.

Table 3-9
Advice to Owners of
Epileptic Dogs on Anticonvulsant Therapy
® Administer anticonvulsant drugs at the specific times required. Don't miss doses,
as seizures will occur.

® Feed a healthy, balanced diet; encourage regular exercise; try to reduce environ-
mental stress; ensure plenty of rest; and maintain a regular routine.

* Avoid changes in diet or salty snacks in pets receiving KBr.

* Avoid pesticides on the animal and in the environment if possible; if not, closely
monitor for increase in seizure frequency and avoid organophosphates.

® |f cluster seizures occur in relation to the monthly heartworm prevention treatment
in dogs, see your veterinarian about switching to an alternative drug.

* Avoid acepromazine for travel or sedation as it may induce seizures.

®* Do not give any other medications without the advice of a veterinarian, as drug
interactions can ocour.

* Avoid situations that seem to trigger seizures; if such situations cannot be avoided,
then see a veterinarian about increasing the anticonvulsant drugs a few days prior to
the event.

® Once seizures are controlled, yearly evaluation of the serum anticonvulsant levels,
serum chemistry profile, measurement of pre- and post-prandial bile acids, and CBC
should be performed.

* Most animals with epilepsy can lead a long and healthy life.

.
Diazepam

¥ Although intravenous diazepam is effective to control status
epilepticus in dogs, it undergoes rapid and extensive hepatic
metabolism once in the circulation and has a very short half-life.
In addition, dogs build up a tolerance to the anticonvulsant
effects of diazepam in 1 to 2 weeks, and it is therefore not a
useful oral anticonvulsant for this species. The half-life of
diazepam in cats is nearly 20 hours and therefore it may be used
as an oral anticonvulsant in this species at a dose of 0.25-2
mg/kg every 12 hours. The dose may be increased by 1-mg incre-
ments if needed in order to conrrol seizures and avoid sedation.
Polyphagia and sedarion are common side effects.
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“" ldiosyneraric hepatotoxicity can occur in cats and therefore
diazepam is rypically used only if phenobarbital is nor effective
for seizure control. Acute fulminant heparic necrosis has been
secen in cats as carly as 5 days after beginning oral diazepam, and
therefore liver enzymes should be evaluated every 5 to 7 days
initially. Diazepam should be discontinued if liver enzyme eleva-
tions are detected or if clinical signs of hepatic disease become
evident. Abrupt withdrawal of diazepam following prolonged
trreatment can cause seizures or signs of withdrawal, such as
tremors, anorexia, and weight loss.

Adding a Second Drug

v’ Although the use of one drug is effective in many animals, a
significant proportion of dogs with idiopathic or probable symp-
tomatic epilepsy require additional medicartion for seizure
control. Animals that have phenobarbiral levels of 35 pgfml or
greater and continue to have an unacceptable number of seizures
may have KBr added at 22 mg/kg every 12 hours. Most dogs with
cluster seizures cannot be controlled with phenobarbiral alone.
Within a few days to a week when the KBr begins to take effect,
the animal may become sedated and araxic. The phenobarbiral
can then be reduced by 10% every 7 days until sedarion resolves.
The most effective way to manage a dog with severe cluster
seizures is to maintain a serum KBr level of 4000-3000 pg/ml
with a phenobarbital level of 25-35 pg/ml.

v' Phenobarbital and KBr used alone or in combinarion control
seizures in over 80% of animals with idiopathic or probable
symptomatic epilepsy. When phenobarbital or KBr alone or
together are unsuccessful in controlling seizures or their side
effects are intolerable, and lowering the dosage results in seizures,
other anticonvulsants may be considered. Other drugs rarely used
in dogs include primidone, diphenylhydantoin, chlorazepare,
felbamate, valproic acid, and gabapentin. Hepatotoxicity and
expense limit the use of these agents.

Other Rarely Used
Anticonvulsant Drugs

& Primidone (Mysoline, Athena) can cause irreversible liver
damage in dogs and should be used with extreme caurion.
Primidone may be administered at 15-22 mg/kg PO every 12
hours for dogs. Primidone is toxic to cats and should not be used.



Monthly monitoring of liver function with pre- and pm-‘.t—pmndinl
bile acids is essenrial for the first 6 months and every 3 months
thereafter. If liver function becomes abnormal, the dose is reduced
over a 3-week perinc] and then discontinued. Much of the anricon-
vulsant effect of primidone is from phenobarbital, one of its
metabolites. Phenobarbital levels are monitored in dogs on
primidone as they correlare with anticonvulsant efficacy.
Therapeuric serum levels are 15-45 pgfml of phenobarbiral. Some
seizures thar were not controlled with phenobarbital might be
controlled with primidone.

v Diphenylhydantoin (Dilantin, Parke-Davis) has a short half-
life, is poorly absorbed from the gastrointestinal rract, and is not
very effective for seizure control in dogs. Diphenylhydantoin is
toxic to cats and should not be used in this species.
Diphenylhydantoin 25-30 mg/kg PO every 6 hours may be
administered to dogs in an attempt to achieve a therapeutic
serum level of 10-20 pg/ml after 2 weeks. When used in
conjunction with phenobarbital or primidone, the risk of hepato-
toxicity is increased.

v" Chorazepate (Tranxene, Abbott) has a half-life in dogs of
approximately 4 to 6 hours and is not very effective when used
alone. The dose of chlorazepate is 0.6-2 mg/kg PO every 8 hours
for dogs. When used in combination with phenobarbiral, a lower
dose is suggested as serum phenobarbital levels are increased.
Sedarion and ataxia may necessitate further dose reduction. The
serum phenobarbital and chlorazepare levels may be measured at 2
and 4 weeks, respectively. Generic preparations may reduce the
COsES l]f- thEan"f’. (:hl(jﬂlIEFE]rE Imay hE‘ ll."i-l:!'Flll. 'Fl'lr Hh{'.l'l_r'rﬂl'm hTEE'II’I."
through seizure control.

v Felbamate (Felbatol, Wallace) 5-100 mg/kg PO every 8 hours
may be used alone or in conjunction with phenobarbital and KBr
for refractory generalized or focal seizures in dogs. [t may be best to
start ar the lowest dose and then increase the dose in increments of 5
mg/kg every 8 hours. Although the half-life of felbamate is 4.5-6.5
hours in dogs, it may be effective as a single therapy for focal seizures.
Excessive sedation may occur when felbamate is administered in
conjuncrion with phenobarbital or primidone. Phenobarbital serum
concentrarions may increase when felbamate is added, which may
increase the risk for hepatoroxicity. The expense of felbamate limirs
its use in dogs.

v Valproic acid (Depakene, Abbort) has not proven to be very
effective as a single anticonvulsant in dogs. It has been used in combi-
nation with phenobarbital bur increases the risk of hepatotoxiciry.
The expense of valproic acid also limits its use in veterinary medicine.
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v Gabapentin (Neurontin, Parke-Davis) has an elimination half-
life in dogs of 3 to 4 hours, and effective serum levels may be
difficulr to achieve even if doses are given every 6 hours. Some
anticonvulsant effect may be achieved in dogs with gabapentin
6—15 mg/kg PO every 6 hours. The expense of this drug limits its
use in veterinary medicine.

v Topiramate (Topamax, Ortho-McNeil), zonisimide (Zonegran,
Elan), and levitiracetam (Keppra; VCB Inc.) are new anticonvul-
sant drugs recently developed for use in humans that mav be useful
in the furure for dogs. Many other new drugs are currently under
investigation. Other methods for controlling refractory seizures,
including vagal nerve stimulation, surgical interventions, and
radiation therapy, may play a role in the future treatment of
epilepsy in dogs and carts.

Therapy at Home to Control
Cluster Seizures

v" Some dogs have episodes of cluster seizures every few months,
which necessitare trips to the emergency room. A compounding
pharmacist can make diazepam suppositories (0.5-2 mg/kg each),
which the owner can insert rectally when seizures begin.
Administration can be repeated for a toral of 3 doses within a 24
hour period if seziures continue. Injecrable diazepam may also be
St h'li.'.lmL' f.{‘.l'l' I'EETHI. Lr inl’r:—lﬂﬂ.‘iﬂl LIS h'l._ll_' may ot I."I'E a5 CAsy Tt
administer and may have a greater potential for abuse.



Section 4

Tremors

115



Definitions

Tremors: Involuntary trembling or quivering of the head and/or limb
muscles, occurring constantly when the animal is awake but disap-
pears during sleep; tremors may worsen with excitement and cold.

“Shaky white dog disease”: Frequent occurrence of tremors in white
dogs associated with nonsuppurative meningoencephalomyelitis and
idiopathic tremors (Figure 4-1).

Meningoencephalitis: Inflammation of the meninges and brain.

Intention tremors: Involuntary head and limb tremors thar occur
with the initiation of movement resulting from cerebellar disease

(Secrion 8).

Figure 4-1 Nonsuppurative
meningoencephalomyelitis and
idiopathic tremors of adult dogs
have a high incidence in white
dogs, especially Maltese terriers.
(Courtesy of Dr. Rita Hanel.)

Lesion Localization

v Lesions that cause tremors are found at multifocal sites or
diffusely throughout the central nervous system (Figure 4-1).

Differential Diagnosis

v Hypocalcemia—common in dogs and cats

v Hypoglycemia—common in dogs and cats

v Intoxications—common in dogs and cats

v Nonsuppurative meningoencephalomyelitis—common in dogs
v ldiopathic tremors of adult dogs—common in dogs

v ldiopathic tremors of geriatric dogs—common in dogs

v Episodic idiopathic head tremors or bobbing—occasional in dogs

v Hypomvyelination or dysmyelination—rare in dogs
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Figure 4-2 The lesions may be multifocal or diffuse.

Diagnostic Evaluation

Important Historical Questions

& Was the onset acute or chronic! Progressive!

* Are tremors absent during sleep!

L I."i rhl: ':In'i.l'llu'il EII:"J.L' [ "l.:'lr":l].l'.'.. car, '::Il'llij. -..|I'it‘|.kf

® If adult intact female, recent whelping!?

* Are other littermates atfected!

® Has there been exposure to pesticides, herbicides, heavy
metals, prescription drugs, or other toxic substances?

® Has there been recent exposure to prescription, over-the
counter, or illegal drugs, nutriceuticals, or herbal preparations?
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Physical and Neurologic
Examinations

v" White dogs seem to be predisposed to nonsuppurative menin-
goencephalitis and idiopathic tremors of adult dogs. Araxia,
paresis, andfor conscious proprioceptive deficits may be present
in all disorders except idiopathic tremors of adult dogs.

Applicable Diagnostic Tests

v A complere blood count (CBC), serum chemistry profile, and
urinalysis are performed to detect systemic illness and as part of
the pt‘c:lneﬁthuri{: evaluation.

v" Hypoglycemia, hypocalcemia, and other electrolyte abnormal-
ities may be found on the serum chemistry profile.

v Serum cholinesterase levels will be below the normal range if
organophosphate toxicosis is present.

v Thoracic and abdominal radiographs and abdominal ultra-
sound are evaluated for masses.

v The following are tests thar are performed under general anesthesia:

- CSF ':!['léil.}’!iibi- Wlll !i]'ll.]W L"IE‘VHI'EL' ]-!;‘.'III{HI:?TE!-} HI'I.I:,‘] Pr{}[t!il'l IEVE[S
in cases of nonsuppurative meningoencephalomyelitis.

® Electroencephalography (EEG) will often have generalized slow
waves and increased amplitude in cases of meningoencephaliris.

v Serum and CSF immunoassays for specific organisms are
obtained if an infecrion is suspected.

Tremor Disorders

Hypocalcemia

v Hypocalcemia can cause neuronal membrane instability and
tremors in dogs and cars. Araxia and seizures may also occur. Facial
pruritis may be present. Hypocalcemia may be associated with many
diseases, and an overview is found in Table 4-1. The serum calcium
level is usually less than 8 mg/dl. In an acute hypocalcemic crisis,
treatment with 109 calcium gluconate solution 0.5-1.5 ml/kg
(up to 20 ml) IV slowly over 20 to 30 minutes will usually stop
the tremors. Respiration and the cardiac rate and rhythm are
monitored during administration, preferably with the aid of an elec-
rrocardiogram (ECG). If respiratory depression, bradycardia, ST



Table 4-1

Disorders Associated with Hypocalcemia

Primary hypoparathyroidism
Inadvertant parathyroidectomy
Chronic or acute renal failure

Acute pancreatitis

Eclampsia

Hyperphosphatemia

Intravenous phosphate administration
Phosphate-containing enema administration (cats)
Hypomagnesemia

Hypoalbuminemia

Ethylene glycol intoxication

Intestinal malabsorption

Blood transfusion (citrated blood)
Vitamin D deficiency

Tumaor lysis syndrome

* passive soft tissue trauma

Rhabdomyolysis

segment elevation or Q-T interval shortening are noted, the
infusion is temporarily discontinued until the abnormalities resolve
and then reinsrated at a slower rate. After the acute crisis, 10%
calcium gluconate solution 0.5=1.5 ml/kg IV may be diluted 1:1
with saline and given at a rate of 10-15 ml/kg over a 24-hour
period. Oral therapy is often initiated. The underlying cause should
be investigated and addressed. The prognosis varies greatly.

Hypoglycemia

v Hypoglycemia is more likely to cause stupor, coma, or seizures
rather than tremors. This disorder is discussed in Secrion 2, and

its causes are

outlined in Section 2, Table 2-5.

Intoxications

W Manv toxic substances cause tremors. The possibility of
exposure to pyrethrin and pyrethroid insecticides, organophos-
phates, ivermectin, ethylene glyvcol, chlorinated hydrocarbons,
metaldehyde, hexachlorophene, herbicides, toxic plants, heavy
metals, and any prescription, over-the-counter, or illegal drugs
should be explored with the client. An overview of the
cnrnrnnnhi' lIHEl..I l'lrj_'l":'lﬂl'lphl‘.l."ir'lhﬂrﬂﬁ :;'II'ILI l'lrj_'l':;'lﬂl:'ll:ﬂrl"ll;lmﬂtﬂ."; I_'h.'_-'lt

can cause intoxication are listed in Table 4-2.
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Table 4-2

Commonly Used Organophosphates
* Malathion

* Parathion

® Diazinon

Carbaryl (Sevin)

Bendiocarb (Ficam)
Propoxur {Baygon, Dendran)
Chlorpyrifos (Dursban)
Methylcarbamate

& & & & ® W

Chlorferwinphos (Dermaton dip)
Cythicate (Proban)

® Dichlorvos (Vapona)

® Dioxathion

® Fenthion (ProSpot)

®* Ronnel

Phosmet

Disulfoton (Di-Syston)
Golden Malnn (fly bait)

v Chlorpyrifos intoxicarion from nmproper prlicutiun of Llip,'-; o
exposure to treated homes and vards is a common cause of tremors,
Serum cholinesterase is often less than 500 U (normal range is 800
tor 1200 1LY in dogs and cars with organophosphare intoxication.
Muscle fasciculation associated with organophosphate intoxication
can be reduced with pralidoxime chloride (Protopam, Wyeth-
Averst) 10-15 mg/kg S every 8 to 12 hours until recovery
occurs. | his therapy is most effective if begun in the first 24 hours
atrer exposure. The animal should be bathed to remove any residual
chemicals and reduce further absorption. Supportive care with fluids
2—4 ml/kg/hr IV and quality nutrition is essential. Recovery often
occurs within 1 to 4 weeks.

v When in doubt about a substance, the ASPCA National Animal
Poison Control Center (888-426-4435) or another poison control
center can provide additional information on the potential for intoxi-
cation and trearment. Emergency management tor oral intoxication is
outlined in Section 2, Table 2-4. Tremors may be controlled with
diazepam 0.5 mg/kg IV up to 10 mg in dogs and 5 mg in cats. A
constant-rate infusion of diazepam (Secrion 3, Table 3-5) 0.1-2
mg/kg/hr IV may be administered with an infusion pump, as tremors
may not be controlled by single injections. Respiration, heart rate and
rhythm, body remperature, and blood pressure should be monitored
and maintained within normal ranges. Many cases of intoxication
recover with sympromatic treatment and fluid therapy.



Nonsuppurative
Meningoencephalomyelitis and
Idiopathic Tremors of Adult Dogs

v Nonsuppurative meningoencephalomyelitis and idiopathic
tremors of adult dogs are considered together as their clinical
appearance, treatment, and prognosis are the same, and they may
be the same disease process. The only difference is the presence
or absence of other abnormalities on the neurologic examinartion
and CSE Both cause acure tremors in dogs. Whire dogs, such as
Maltese terriers (Figure 4-1), are often affecred. This has lead to
their description as “little white shakers” or “shaky white dog
disease.” Any dog can develop this disorder, so it should not be
excluded based on coar color or size of the dog. The tremors may
affect only the pelvic limbs or may be diffuse to include rthoracic
limbs and the head and eyes. In some affected dogs, tremors are
thlf' 1._'!['[1'}-' ﬂbn(_][l_'ni:]] I:'.I_II_I_"I.'i.CHI_ !"nij_{ﬂ.. ﬂ)ther Cases 1Ty ':IIEI.'.I h'ﬂ\-"L’ hL‘ad
tilt, ataxia, paraparesis, or quadriparesis.

v" No history of toxic exposure can be found. The CBC and
serum chemistry profile, including calcium levels, are normal.
The CSF may be normal or can contain increased leukocyres
E];nrimurih,r lymphocytes and occasionally a mixed cell population)
with normal or increased protein. Serum and CSF immunoassays
should be obtained in cases where CSF leukocyric pleocyrosis is
present, but the results of these tests are normal in dogs with
nonsuppurative meningoencephalitis. Computed tomography
(CT) and magnetic resonance imaging (MRI) are usually normal
or may show mild ventricular enlargement.

% 1f the dog has only tremors and no CSF abnormalities, then a
diagnosis of idiopathic tremors of adult dogs is made. If the dog
has tremors plus other neurologic signs and/or abnormal CSF, then
a diagnosis of nonsuppurative meningoencephalomvelitis is made.

v Treatment with prednisone 2—4 mg/kg/day PO is given for 2
weeks then reduced to 1-2 mg/kg/day for 2 weeks. The dosage
Fnh'['.l‘l.l]';.'l I_'h{:'"n hE‘ j.:I'E'II..‘Il.lH”.? t;lpered Over l'hL‘ next [n{}ﬂth, giw;l'n ML
alternare days, and then discontinued. Oral famotidine (Pepcid
AC, Merck) 0.5-1 mg/kg every 12-24 hours, cimertidine
(Tagamer, SmithKline Beecham) 510 mg/kg every 8 hours, or
misoprostol (Cytotec, Searle) 1-3 pg/kg every 8 hours will reduce
the chance of gastrointestinal ulceration and irritation when the
dose of prednisone is high.
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W Tremors are controlled in both nonsuppurative meningoen-
cephalomyelitis and idiopathic tremors of adult dogs with
diazepam 0.5-2 mg/kg PO every 6 to 8 hours, not to exceed
10 mg every 6 hours, as needed to control tremors. Diazepam is
continued for 1 month, and then the dosage is reduced by 25%
per week. If tremors reappear, then the lowest effective dose to
control the tremors is re-instiruted. This is repeated unril the
tremors completely resolve, which may rake 1 to 3 months.
Diazepam is never abruptly disconrinued as tremors and seizures
from withdrawal might occur. The prognosis for both nonsuppura-
tive meningoencephalomyelitis and idiopathic tremors of adulr
dogs is excellent, and most affected dogs eventually return to
normal.

Idiopathic Tremors of
Geriatric Dogs

v Geriatric dogs often develop intermittent or continuous
tremors of the pelvic limbs when standing. The cause is
unknown, but many tremor syndromes of elderly humans have
been associated with neuronal degeneration in the basal nuclei
and other specific neuronal regions. A similar process is
suspected in dogs. No therapy is recommended, and the tremors
do not usually resolve.

Episodic Idiopathic Head Tremors
or Bobbing

v Doberman pinschers, Shetland sheepdogs, and wired-haired
fox terriers may have episodic head bobbing or tremors of
unknown cause. Stress or excitement may precipitate the
episodes, bur affecred dogs are usually normal upon presentarion.
Historically, the episodes occur only periodically and lase several
minutes. The owner is unable to stop the bobbing or tremors by
perting or reassuring the dog. Partial seizures (Section 3) have
been suspecred in some cases. A CBC, serum chemistry profile
(including calcium), CSF analysis, and EEG are normal. No
treatment is usually prescribed as the episodes are brief and do
not interfere with the dog's normal functions.



Hypomyelination or
Dysmyelination

v" Abnormal myelin development in chow chows, springer
spaniels, Weimeraners, and other dogs can resule in diffuse,
whole-body tremors in puppies from 3 to 12 weeks of age. More
than one dog in the litter is often affected to varying degrees.
The tremors are absent during rest and sleep and worsen with
excCitement or l:[]l.d. Tl_ﬂml}]'!'] [Tty hE =0 SCVETe [hﬂt H'FfECtEI:I
puppies find it difficult to walk, eart, or drink. The CBC and
serum chemisrry profile are normal. The diagnosis is suspected by
ruling out other diseases. There is no treatment available, but
with supportive care and assistance with eating and drinking,
many of these puppies improve over the course of several months
and may become normal or acceprable pets. The underlying
cause may be genetic or related to viral infecrion in utero.
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Section 5

Head Tilt,
Dysequilibrium,
and Nystagmus

_ Flocculonodular lobe
< (cerabellum)

Rostral madulla oblongata

T Vestibular nerve

s Vastibular labyrinth (innar ear)

T——:‘@"‘Tfﬁ: D,
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Definitions

Head tilt: The head is cocked to one side so thar one ear is
closer to the ground than the other (Figure 5-1).

Dvysequilibrium: Loss of balance to one or both sides characrer-
ized by leaning, falling, rolling, or circling with a head rilt.

Nystagmus: Involuntary eyve movements characrerized by a slow
movement in one direction (slow phase) and then a rapid jerk in
the opposite direction (fast phase).

Vestibular system: The peripheral nervous system (PNS) and
central nervous system (CNS) pathways responsible for main-
t:lining h:-ll.ﬂnt.:li" :-l'l"llj n(]-r'l'['l:-ll. I'lL"::IEJ H.T'I.Ll cye I"-‘['l!il'llrl_‘.

Vestibular labyrinth: A membranous system of communicating
epithelial sacs and ducts in the inner ear thar contains endolym-
phatic fluid; divisions of the vestibular labyrinth include three
semicircular canals, the utricle, and the saccule; receptors in the
vestibular labyrinth connect ro the vestibular nerve (cranial
nerve [CHN] 8) and sense angular and linear acceleration and
deceleration as well as head and eye position relative to graviry.
Normal or physiologic nystagmus: Eve movements induced
when the head is moved from side to side or up and down with
thE‘ 'F:.-'Iﬁ-t Fh}]."'n-l: tﬂwur{.] rhﬂ' Liil’tﬂ:fi{?n E}:F IMOVEeIment, ﬂﬁ.]"l'l'.['l.:-l].
nystagmus requires the integrity of the vestibular nerves (CN 8),
oculomotor nerves (CN 3), rrochlear nerves (CN 4), abducens
nerves (CN 6), and their connecrions through the medulla
oblongata, pons, and midbrain.

Post-rotatory nystagmus: If the animal is spun in a circle for a
minute or more, a briet normal nystagmus with the fasc phase
away from the direction rurned is induced when the movement
is stopped.

Spontaneous nystagmus: Abnormal nystagmus occurring
without outward stimulus regardless of head position.

Positional nystagmus: Abnormal nystagmus occurring only
when the head is in certain positions.

Horizontal nystagmus: Eye movements occurring side to side in
a straight line.

Rotatory nystagmus: Eyve movements occurring side to side in
an arc.

Vertical nystagmus: Eyve movements occurring upward and
downward in a straight line.



Positional strabismus: An abnormal position of one eve
observed only when the head is in certain positions; when the
head is straighrened and the nose is elevared, the eye on the side

of the head tilt drops below the level of the other eye.

Myringotomy: Puncrure of the rtympanic membrane for removal

of fluid from the middle ear.

Figure 5-1 Acute onset of a right head tilt associated with an idiopathic
vestibular syndrome 15 common in genatnc dogs.
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Lesion Localization
The Vestibular System

v The vestibular system is shown in Figures 5-2 and 5-3.
Speuiﬁc locations of lesions that cause head rilr, :.hf:-ii:q.]l.li|i|"1r:il.|1'['|,
and nystagmus are the:
e Peripheral nervous system (PNS): Sensory receptors in the
vestibular labyrinth and the vestibulocochlear nerves (CN 8)
e Central nervous system (CNS): The vestibular nuclei in
the medulla oblongata and the flocculonodular lobe of
the cerebellum.

_ Flocculonodular lobe
¥ (cerebellum)

Rostral medulla oblongata

s 7 Vestibular nerve
= ; 7 Vestibular labyrinth (inner ear)
L\
—
| f b \\-
||‘II| kS - 'E-..._["| :
y ¥
II 1 o |
» ) il |
il .II ; II.—' f_.l ilf i 4
_‘,11? i |Il il | 1
T g iy i o T .,_..."'l ot el
& &) &« f*

Figure 5-2 Dysfunction of the labyrinth, vestibular nerve, rostral medulla oblon-
gata, or cerebellum causes head tilt, dysequilibrium, and nystagmus (the dots
indicate the lesion localization).
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Differentiation of
Vestibular Lesions

v Figure 5-4 is an algorithm to assist in differentiating the
location of vestibular lesions.

Vestibular Labyrinth and Nerves
(CN 8)

v Head rilt, circling, falling, or rolling toward the side of the
lesion (Figure 5-1)

v/ Nystagmus, if present, is horizontal or rotatory with the fast
phase away from the side of the lesion

v May have concurrent facial nerve paralysis (CN 7) and
Horner's E‘fndrumt‘ (]::Itnﬁi:-:, miosis, and untaphth:llulnﬁ} with
middle- and inner-ear lesions

Head tilt,
dysequilibrium, nystagmus

Central nervous system

Peripheral nervous sytem

|
Conscious proprioceptive Haad
Mo other signs deficits, hemiparasis, remors,
giadrinaretls hypermetria, hypometria

|

Vestibular labyrinth Brainstem

or Vestibular nerve (medulla oblongata) Cerebellar lesion

(CNE) lesion lesion

Figure 5-4 Algorithm to assist in differentiating vestibular lesions.
CN = cranial nerve
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Vestibular Nuclei and the
Medulla Oblongata

v Head tilt, circling, falling, or rolling toward or away from the
side of the lesion

v" Conscious proprioceptive deficits, hemiparesis, or hemiplegia
on the side of the lesion if unilateral or worse on one side
if bilateral

v Nystagmus, if present, may be horizonrtal, rotatory, or vertical
v May be depressed or stuporous
v May have facial paralysis (CN 7), but Hormer's syndrome is rare

Flocculonodular Lobe of the
Cerebellum

v Head tilt, circling, falling, or rolling away from the side of the

lesion (Figure 5-5)
v Hypermetria of the limbs on the side of the lesion (Figure 5-5)

v’ Nystagmus, if present, may be horizontal, rotatory, or vertical

bellar tumor causing a head tilt to the
right and hypermetria on the left.

Figure 5-5 A dog with a left-sided cere-
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Differential Diagnosis

Vestibular Labyrinth and Nerve
(PNS) Disorders

v Idiopathic vestibular syndrome—common in dogs and carts

v Otitis interna—common in dogs and cats

J HU‘HL:I I ma—CoOImiImon i'l'l. L]'Ii'.l'g."i- i:'!.n.l.] cats

v latrogenic (secondary to ear cleaning)—occasional in dogs and cats
v Polyps and neoplasia—occasional in dogs and cars

v" Hypothyroidism—occasional in dogs

v Aminoglycoside inroxication—rare in dogs and cats

Medulla Oblongata and
Cerebellar (CNS) Disorders

v" Meningoencephalitis—common in dogs and cars

v Head trauma—common in dogs and cats

‘/ Hl_'l'.}pl.ﬂﬁi':l—i:llll:['lﬂ'll]n in dl]gﬁ ':Il-ld CAars

v' Cerebrovascular disorders—occasional in dogs and cats
v" Metronidazole intoxication—occasional in dogs and carts

v Parasitic migration—rare in dogs and cats

Diagnostic Evaluation

Important Historical Questions

* Acure NnONProgressive, acute progressive, or
chronic progressive!

* Past or present ear infections?

* Recenr ear cleaning?

* Recent trauma!

* |5 animal currently on metronidazole!?

e Recent use of aminoglycoside antibiotics or
other medications!?

e Other current or previous illness?



Physical Examination

v" Examine the external ear canals for evidence of otitis or rumors.
v Examine the pharynx for evidence of inflammation or tumors.

v Examine the animal for evidence of systemic disease or neoplasia.

Neurologic Examination

v' The neurclogic examination commonly shows unilareral vestibular
signs. Affected pets may have one or more of the following signs:

* Head rilt with leaning, falling, rolling, or circling to one side
* Spontaneous nystagmus

* Positional nystagmus

* Posirional strabismus

v Less commonly, examination will reveal bilateral vestibular
signs. One or more of the following signs may be present:

* Absent or mild head tilt but wide swinging head movements
side ro side

® Leaning, falling, rolling, and loss of balance to both sides
® Circling to both sides

* |_oss of normal physiologic nystagmus

& [oss of normal post-rotatory nystagmus

* MNeck and thoracic limbs curl venrrally when the animal is
held by the pelvis and suspended in air

v" Determine whether the vestibular lesion is in the PNS or CNS.

Applicable Diagnostic Tests

v A complete blood count (CBC), serum chemistry profile, and
urinalysis can be useful ro detect systemic illness and as part of the
preanesthetic evaluation.
v" Thoracic and abdominal radiographs and abdominal ultrasonog-
raphy are useful to detect primary or metastatic neoplasia as well
as cardiopulmonary disease.
v A low serum total thyroxine (T4) and free T4 and an
elevated serum thyroid-stimulating hormone (TSH) support the
diagnosis of hypothyroidism.
v Tests that are performed under general anesthesia, as well as
their findings, are as follows:

* Routine or electronic otoscopic examination of the external

ecar canals and tympanic membranes to detect evidence of
infection or masses.
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® If a middle ear infection is suspected, myringotomy is
attempted for cytologic evaluation and culture of fluid,
if obtained.

* Bacterial and fungal cultures of the external or middle ears
and antibiotic sensitivity to determine whether infection

is present.

® Biopsy or surgical removal and histologic examination of
external or middle ear masses.

¢ Radiographs, computed tomography (CT), or magnetic reso-
nance imaging (MRI) of the osseous bullae, inner ear, medulla
oblongata, and cerebellum rto determine whether otitis media or
interna, traumatic fractures, cerebrovascular disorders, menin-
goencephalitis, or neoplasia is present.

® CSF analysis to evaluate for leukocytic pleocytosis and
increased protein levels in meningoencephalitis, or CNS neo-
plasia.

® Brainstem auditory-evoked response (BAER) to evaluate the

auditory part of CN 8 and the brainstem pathways of hearing;
may also differentiate PNS and CNS lesions.

v Serum and cerebrospinal fluid (CSF) immunoassays for
specific organisms are performed if meningoencephalitis is
suspuctud (Section 2).

Warning: Although recovery from vestibular signs may appear
complete, when an animal with a past vestibular problem is placed in
water, gravity is altered and dysequilibrium may cause drowning.

Vestibular Labyrinth and
Nerve Disorders

Idiopathic Vestibular Syndrome

v Sudden onset of head rilt, dysequilibrium, and nystagmus
without a known cause may occur in any dog or cat bur is most
common in geriatric dogs (Figure 5-1) and young cats. The
initial signs may be so severe that the animal is unable to stand
and rolls whenever handled, making examinarion difficulr.

& A common misconception in geriatric dogs is that the
animal has had a “stroke” and that the prognosis is poor, as the
dysequilibrium is so severe that the animal cannort stand or



ambulate for several days. Because of their age and severity of the
initial signs, dogs with geriatric idiopathic vestibular syndrome
Are -Ufti:l"l ot gi."u"Eﬂ thE 'l:hi;l]‘l(:E‘ Loy recover H.]'I.Li. dAre Euthﬂnizﬂ'd.

v Orther cranial nerve or other neurologic deficits and Horner's
.'iyn(.]n]rne are EthEl'll' LT thE I'IELIT{'II.{'.I'HiE examination. ‘.-_-}l"l rare
occasions, bilateral vestibular signs occur, and although there is
no head tilt, the equilibrium disturbance is obvious.

v The diagnosis is suspected afrer ruling out other causes of
vestibular disease and seeing improvement over the following 72
hours with supportive care only. In the first 24 to 48 hours, oral
meclizine hydrochloride (Antivert, Pfizer) 6.25 mg once daily
for cats and 12-25 mg once daily for dogs may be given to
reduce the animal's dizziness. Diazepam 0.1-0.25 mg/kg PO
every 8 hours may be given to reduce distress it meclizine is not
available but may cause some sedation. Some animals vomit
within the first 24 hours after onset of the signs, bur this usually
resolves without treatment.

v An osmolality disturbance of the fluid within the vestibular
labyrinth is suspected in cases of idiopathic vestibular syndrome.
The prognosis is excellent. Improvement begins within 72 hours,
and most animals return to normal in 1 to 3 weeks. Some
animals may rertain a permanent head tilt. In cases with bilateral
vestibular nerve involvement, recovery is often prolonged and
incomplete, and permanent hearing loss may result. Recurrence
is possible bur rare.

Otitis Interna

v A unilateral or bilateral inner ear infection or otitis interna is a
common cause of vestibular disease in dogs and cars (Figure 5-6). A
bacterial infecrion of the external ear canals or the throar and
eustachian tubes may extend into the middle ear and then into
the inner ear. The inner ear may less commonly become infected
via a hematogenous route. Fungal infections are rare. Onset of
vestibular signs may be acute or chronic and progressive.
Horner's syndrome from infection of the middle ear (otitis
media) may be present. Facial nerve (CN 7T) paresis or paralysis
causing reduced or absent movement of the evelids, lip, and ear
and reduced or absent tear production commonly occurs with
otitis media and interna. Hearing may be obviously affected in
bilateral otitis interna.

v Ortitis externa, inflammation of the external ear canal, may be
obvious on physical or otoscopic examinarion, but the external
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ear canals can also be normal. An electronic otoscope is most
useful to detect bulging, opacity, or tears in the tympanic
membrane (Figure 5-7). Myringotomy may be considered to
collect samples from the middle ear for eyrologic resting,
bacterial culture, and antibiotic sensitivity.

Figure 5-6 A 5-year-old English
pointer with a left head tilt associ-
ated with an inner ear infection.

Figure 5-7 The tympanic mem-
brane as viewed with an elec-
tronic otoscope.

(Courtesy of Dr. Rosanna Marsella.)

v Fluid densirties or osteomyelitis may be evident on radiography
and CT of the osseous bullae, but MRI is often the best method
for visualizing the middle and inner ears (Figure 5-8).

¥ Appropriate antimicrobial therapy is selected based on the
culture and sensitivity results. If the culture results are negative
but bacterial otitis interna is suspected, then enrofloxacin
(Bayrril, Bayer) 5 mg/kg PO every 12 hours for dogs or cats or a
combination of trimethoprim-sulfadiazine 15-30 mg/kg PO every

12 hours and cephalexin (Keflex, Dista) 22 mg/kg PO every 8



Figure 5-8 A post-contrast trans-
verse T1-weighted MRI of the brain
at the level of the medulla oblongata
and the osseous bullae; the area of
the right (viewer's left) inner ear
{arrow) has enhanced with gadolini-
um indicating inflammation; the left
(viewer's right) osseous bulla is indi-
cated by the double arrows.

hours may be administered. Antibiotic therapy should be
continued for 6-8 weeks. Tear production should be monitored
to detect keratoconjunctivitis sicca associated with facial nerve
(CN 7) involvement, and antibiotic therapy and artificial tears
should be administered if necessary to prevent keratitis and
corneal ulceration.

Warning: The owner may prematurely discontinue the antibiotics within
the first few weeks of therapy when the signs resolve. This leads to chron-
ic infections, osteomyelitis, and antibiotic-resistant organisms that can be
difficult to cure. Owners must be strongly warned of these complications.

W In cases of concurrent otitis externa and media with a
ruptured tympanic membrane, the external and middle ears are
gently flushed wirh saline or a 2.5% acetic acid solution; caustic
ear cleaning substances are avoided if possible. Diluted ear
cleaning solurions may be necessary in some cases for debris that
cannot be cleared by other means, but thorough rinsing is
essential so residual solution does not irritate the vestibular
labyrinth. The external ear canal may be treated topically with
small amounts of low-residue, nonirritating antibiotic solutions
for a few days, but accumulation of greasy ointments in the
middle ear should be avoided.

v Vestibular signs may resolve in 1 to 2 weeks, bur if antibiotics
are prematurely discontinued, the clinical signs and infection
recur and can be more difficult to treat.
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v’ Corticosteroids are usually not required and are avoided if
osteomyelitis is present. In acute cases, prednisone 0.25 mg/kg
PO once daily for 1-3 days is sometimes given to reduce inflam-
mation and swelling of the vestibular labyrinth. In animals with
recurring otitis, underlying dermarologic problems, such as atopy
or hypothyroidism, should be investigated and treated. Ear
hygiene should be monitored, but care should be taken when
cleaning the external ear canals (see latrogenic Vestibular
Syndrome, below).

v Some chronic inner ear infections may require surgical
removal of debris from the middle ear through bulla osteotomy.
Various surgical procedures to resect the lareral exrernal ear
canal may also be beneficial for long-term management of
chronic oritis. A rare complication of chronic inner ear infection
is an ascending infecrion into the brainstem region causing
bacterial meningitis or abscess formarion, which can be very
difficult to rreat. The treatment of bacrerial meningitis is found
in Section 2, Table 11.

v" The prognosis for recovery from otitis interna is good with
carly and appropriate antibiotic therapy. A residual head vile,
Horner's syndrome, or facial paralysis may result in a few cases
but dysequilibrium resolves.

Head Trauma

v" Acute vestibular dysfuncrion may be associated with a blow to
the head. Blood is often found in the external ear canal, and
tacial nerve (CN 7) paralysis and Horner's syndrome may also be
observed. Diagnosis and trearment of head injuries are discussed
in Secrion 2. Vestibular signs may resolve completely in time,
although a residual head rile is possible.

latrogenic Vestibular Syndrome
from Ear Cleaning

W Acurte unilateral and bilateral vestibular dysfuncrion with or
withoutr deafness may occur following routine ear cleaning in
both dogs and cats but appears to be more frequent in cars.
Rupture of the tympanic membrane and damage to the vestibular
labyrinth of the inner ear are suspected. Chlorhexidine and other
ear WHEI’! preparatinns ELI':i-FE‘CtE"L:I ti hE caustic to t]'l{.‘ '\-'l.'ﬁti.hu‘ll'l'
labyrinth have been incriminared, but attempts to experimentally
re-create the problem have failed. A vestibular syndrome may
also follow ear cleaning with water alone.



v Treatment with corticosteroids as soon as signs appear may reduce
any associated inflammartion or edema. Methylprednisolone sodium
succinate (Solu-Medrol, Pharmacia & Upjohn) 10 mg/kg IV every
6 to 8 hours for 24 hours followed by prednisone 1 mglkg PO for
2 to 3 days may improve recovery in some cases. [0 protect against
gastrointestinal side effects from corticosteroid administration oral
famotidine (Pepcid AC, Merck) 0.5-1 mg/kg every 12 to 24 hours,
cimetidine ( Tagamet, SmithKline Beecham) 5-10 mg/kg every 8
hours, or misoprostol (Cytotec, Searle) 1-3 pg/kg every 8 hours may
be administered. Vestibular signs often resolve in 1 to 3 weeks, but
some animals may retain dysequilibrium and hearing loss.

Polyps and Neoplasia

v Nasopharyngeal polyps and squamous cell carcinoma of the
external and middle ears may affect the vestibular labyrinth.
Vestibular dystuncrion may resule, but primary neoplasia of the
vestibular nerve is rare. Nasopharyngeal polyps and squamous cell
carcinoma can often be visualized on examination of the external ear
canal and pharvns and with CT or MRI. Surgical removal mavy be
attempted. Removal of squamous cell carcinoma often requires
ablation of the exrernal ear canal and bulla osteotomy.
Nasopharyngeal polyps are common in cats and can often be
completely removed (Figures 5-9 and 5-10). Squamous cell carcinoma
has a poorer prognosis. Neoplasia affecting the osseous bullae may
occur and is often obvious on routine radiography (Figure 5-11).
MNeurofibroma of ("N 8 (acoustic neuroma) can cause a chronic,
progressive head tilt. Surgical removal is attempred through bulla
osteotomy. A residual head tile, facial paralysis, and Horner's
syndrome may occur.

Figure 5-9 A polyp inside the osseous bulla of a cat during bulla osteotomy.
(photo courtesy of Dr. Jamie Bellah)
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Figure 5-10 The polyp in Figure 5-9 after surgical removal; note the tail that
was in the eutstacian tube as a nasopharyngeal polyp was present in the phar-
ynx as well. (photo courtesy of Dr. Jamie Bellah.)

Figure 5-11 Open-mouth skull radi-
ographs of a 6-year-old boxer with a
neoplastic process that has obliterat-
ed the osseous bulla on the left at
the arrows (note the normal osseous
bulla on the right); the dog had a left
head tilt.




Hypothyroidism

"F} Hypothyroidism may cause acute or chronic unilateral
vestibular signs with or without facial nerve paralysis, laryngeal
paralysis, or megaesophagus in dogs. Hair coat changes and other
signs typical of hypothyroidism are often absent. Microcytic
anemia and elevared cholesterol may be found on the CBC and
chemistry profile, respectively. The diagnosis is best made
through demonstration of a low serum total T4 or free T4 level
and elevared serum TSH level. Levothyroxine sodium (Soloxine,
Daniels Pharmaceuticals) 0.02 mg/kg PO every 12 hours is
given. The serum T4 level is re-evaluared after 4 weeks of
therapy, and the levothyroxine dose is adjusted to maintain
thyroxine in the normal range. A localized metabolic cranial
nELITl'I'FI;'Ith"}’ (9] - | l'_'.'l'Hl"I.'i.i-'lI pnh’nt:uru:nyupal:hy 1% C':]Llﬁ-l:d I:"l"'!.l'
hypothyroidism (Section 6). The prognosis is excellent, as the
neurclogic signs usually respond to trearment.

Aminoglycoside Intoxication

W Systemic or topical gentamicin, amikacin, and streptomycin may
cause rtoxic destruction of receptors in the vestibular labyrinth and
cochlea. Animals receiving these antibiotics should be closely
monirored for dysequilibrium and deafness. The drugs should be
discontinued immediately if signs appear. Dysequilibrium may
impr{?\-’f,". hur S0NTYE Fﬂnﬂﬂﬂﬂnt hE‘ﬂIinH l:.]H.lTlHHL" Ty OO

Medulla Oblongata and
Cerebellar Disorders

Meningoencephalitis

v Meningoencephalitis can produce acute or chronic progressive
vestibular signs with hemiparesis, hypermetria, or both, indicating
involvement of the rostral medulla oblongata, cerebellum, or both,
respectively. Neurologic deficits associated with orther cranial nerves,
brainstem segments, and the cerebrum may also occur, indicating a
multifocal disease process. Meningoencephalitis has many causes and
rreatments, and the prognosis varies with each (see Tables 2-8, 2.9, 2-
10, and 2-11). The CSF often exhibirs leukocytic pleocytosis with or
withour an elevared protein level. Although CT may show a lesion of
the brainstem or cerebellum, MRI is far superior to visualize brainstem
and cerebellar lesions (Figure 5-12).

141



142

Figure 5-12 Dorsal T2-weighted MRI of granulomatous meningoencephalitis in
the cerebellum (arrows) in a 3-year-old poodle with a right head tilt and dysme-
tria which was worse on the left (the left cerebellum is on the viewer's right,
and the right cerebellum is on the viewer's left).

v’ A biopsy with histologic examination may be necessary to differen-
tiate meningoencephalitis from neoplasia, as both may appear as mass
lesions on CT or MRI. An overview of the diagnosis and treatment of
meningoencephalitis can be found in Section 2.

Trauma

¥ Head injuries may result in trauma to the rostral medulla
oblongata and cerebellum, leading to vestibular dysfuncrion.
Brainstem contusion or hemorrhage in the rostral medulla often
results in death due to involvement of vital pathways for respira-
tion, cardiac function, and blood pressure. Diagnosis and
treatment of head injuries are discussed in Secrion 2.

Cerebrovascular Disorders

v Acute vestibular dysfunction from cerebrovascular disorders
(infarction or spontaneous hemorrhage) of the brainstem or cere-



bellum occur occasionally in animals. CT and MRI are often
normal but may occasionally show mulrtifocal abnormalities. CSF
analysis is also usually normal but can have increased protein
levels. Serial neurologic examinations show slow improvement of
neurologic signs over a period of 6 to 8 weeks. Cerebrovascular
disorders are discussed in Section 2.

Metronidazole Intoxication

& Animals on metronidazole (Flagyl, SCS) therapy may have acute
onset of ataxia, tremors, and vertical nystagmus consistent with CNS
vestibular disease. Severe depression and seizures may also occur.
Signs of intoxication may develop early or late in the course of
metronidazole therapy and may occur at both high and low doses.
Metronidazole should be discontinued immediately, and seizures are
controlled initially with intravenous anticonvulsant therapy (Section
3, Table 3-4). Signs of intoxication usually improve within 24 to 72
hours of drug discontinuation and usually resolve within a week. Liver
function should be evaluated with fasting and 2-hour post-prandial
bile acids determinations, as an underlying liver problem may cause
intoxication occurring at low doses.

Neoplasia

v Adulr or geriatric dogs and carts may develop acute or chronic
progressive brainstem or cerebellar vestibular dysfunction due to
neoplasia. CSF analysis usually shows elevared protein, but leuko-
cytic pleocytosis is less common. Neoplasia is best visualized with
MRI, but histologic examinarion of tissue obtained from a biopsy or
surgical removal is necessary to confirm the diagnosis. Treatment
can be rewarding in some cases, such as with the removal of a cere-
bellar meningioma plus adjunctive radiation therapy, which may
prolong the animal’s survival time by years. Brainstem neoplasia is
usually a greater challenge, as the area of involvement is more
difficult to reach surgically. The types, diagnosis, and therapy of
brain neoplasia are discussed in Section 2.

Parasite Migration

v' Cuterebra larvae may migrate through the brainstem and
cerebellum and cause vestibular dysfunction. Neutrophilic leuko-
cytosis and elevated protein may be found on CSF analysis.
Prednisone 0.25-0.5mg/kg PO every 12 hours may reduce the
inflammation associated with parasite migration and improve
function. The disorder is usually diagnosed during necropsy.
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Section 6

Cranial
Neuropathies and
Myopathies

- Diencephalon (CN 2)

Midbrain (CN 3,4)
}~Pons (CN 5)

— Rostral medulla oblongata (CN 6-8)
— Caudal medulla oblongata (CN 9-12)
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Clinical Signs

v Blindness v Anisocoria

v Strabismus v Jaw paralysis
v Facial paralysis v Deafness

v" Dysphagia v’ Megaesophagus
v Stridor v Dwysphonia

v" Tongue paralysis or arrophy v" Combinarion of

v' Temporalis and masseter muscle atrophy the above signs

Definitions

Anisocoria: Unequal pupil size.

Strabismus: Unilateral or bilateral deviation of the eye or eyes
due to paralysis of one or more of the extraocular muscles.

Mydriasis: Dilated pupil associared with fear or a lesion of the
oculomotor nerve (CN 3).

Miosis: Constricted pupil associated with a lesion of the sympa-
thetic nerves to the eye.

Ptosis: Reduction in the size of the palpebral fissure secondary to
paresis of the levator muscles of the evelid; associated with a
lesion of the oculomotor nerve (CN 3) or symparhetic nerves to
the eye.

Enophthalmos: Backward displacement of the eyeball into the
orbit that induces passive elevation of the third eyelid and a
slight reduction in the diameter of the palpebral fissure; associ-
ated with lesions of the sympathetic nerves to the eye.

Jaw paralysis: Inability to close the mouth associated with
bilateral dysfuncrion of the trigeminal nerves (CN 5) (Figure 6-1).
Facial paralysis: Inability to move the evelid, lip, or ear associ-
ated with dystuncrion of the facial nerve (CN 7).

Keratoconjunctivitis sicca: Inflammartion of the cornea and
conjuncriva associated with reduced or absent rear production.

Dvsphagia: Difficulty swallowing often associated with dysfunc-
tion of the glossopharyngeal (CN 9) or the vagus (CN 10) nerve.

Megaesophagus: Enlarged esophagus with reduced or absent mortility.

Stridor: A harsh, high-pitched respiratory sound often associared
with inspiration in animals with laryngeal paresis or paralysis.



Figure 6-1 A dog with jaw paralysis from idiopathic trigeminal neuropathy; note
the dog also had bilateral Horner's syndrome (ptosis, miosis, and enophthalmos).

Dysphonia: A change in voice often associated with laryngeal
paresis (CN 10).
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Lesion Localization

v The location of lesions that cause cranial myopathies and
neuropathies are shown in Figures 6-2 and 6-3. These lesions are
usually found in the:

e [Peripheral nervous system (PNS) portion of a cranial nerve

e Central nervous system (CNS) (brainstem) portion of a
cranial nerve

e Muscles of the head
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Diencephalon (CN 2)

Midbrain (CN 3,4)

Pons (CN 5)

Rostral medulla oblongata (CN 6-8)
Caudal medulla oblongata (CN 9-12)

Figure 6-2 (above) Lesions may be localized to one or more of the cranial
nerves or their associated brainstem segments.

Figure 6-3 (left) The ventral surface
of the brain showing the location of
the cranial nerves and related brain-
stem segments.
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Differentiation of
Peripheral and Central
Cranial Nerve Lesions

v An algorithm to assist in distinguishing peripheral nerve
lesions from those of the central cranial nerve lesions is shown in

Figure 6-4.

Clinical Signs of a Cranial Nerve Dysfunction

Peripheral Nervous System Central Nervous System |

Mo other signs

Specific peripheral cranial nerve lesion Brainstem lesion |

hemiparesis, quadriparesis, or stupor

Conscious proprioceptive deficits, |

Figure 6-4 Algorithm to assist in distinguishing peripheral nerve lesions from
those of the brainstem

v Peripheral nerve: Only cranial nerve deficits are present. The
rest of the neurologic examination is normal, unless the cranial
neuropathy is part of a generalized peripheral nerve disease
(Sections 9 and 10).

v Central nervous system: Cranial nerve signs are present in
conjunction with dementia, stupor, unilateral or bilateral
conscious proprioceptive deficits, ataxia, hemiparesis, or quadri-
paresis. Cranial nerves enter or exit the brainstem in the medulla
oblongata, pons, midbrain, or diencephalon (Figure 6-3).

v" Muscle disease: Pain on opening the mouth, muscle swelling
or atrophy, and inability to open the mouth due to inflammation
and fibrosis of the muscles of mastication are found; muscle
disorders may be isolated to the head or part of generalized
muscle disease (Section 11).
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Differential Diagnosis

Peripheral Nerve and Muscle

Disorders
v" Blindness

* Sudden acquired rerinal degeneration syndrome
(SARDS)—common in dogs

* Other ocular and revinal diseases—common in dogs and cats
* Optic neuritis—occasional in dogs
* Optic nerve arrophy—occasional in dogs and cats
* Optic nerve hypoplasia—occasional in dogs and cats
v Anisocoria
* |diopathic anisocoria—occasional in dogs, common in cats

* Trauma ro the cervical symparthetic nerve—occasional in dogs
and carts

* Neoplasia affecting the cervical sympathetic nerve—occa-
sional in dogs and cats
* Neoplasia of the oculomotor nerve—rare in dogs and cats

v Strabismus

® Trauma to the oculomotor, trochlear, or abducens
nerves—common in dogs and cats

* Congenital stcrabismus—occasional in dogs and carts

* Neoplasia affecting the oculomotor, trochlear, or abducens
nerves—rare in dogs and cats

® Extraocular myositis—rare in dogs
v’ Jaw paralysis

e [diopathic trigeminal neuroparhy—occasional in dogs

® Bilareral trauma to the trigeminal nerves—rare in dogs and cats
v Temporalis and masseter muscle atrophy

® Masticatory myositis—common in dogs

® Trigeminal nerve trauma—occasional in dogs and cars

* Neoplasia affecring the trigeminal nerve—rare in dogs and cars
v Facial paresis or paralysis

® (Oritis media or interna—common in dogs and cars

e [diopathic facial paralysis—common in dogs



® Facial nerve trauma—occasional in dogs and cats

¢ Hypothyroidism—occasional in dogs

e Myasthenia gravis—occasional in dogs and carts

s Neoplasia affecting the facial nerve—rare in dogs and cats
v" Deafness

* (Oritis media or interna—common in dogs and cats

® Senile degeneration—common in dogs and cats

* Congenital deafness—occasional in dogs and cars

* Aminoglycoside intoxication—rare in dogs and cats
v' Dwsphagia, megaesophagus, stridor, or dysphonia

* ldiopathic megaesophagus—common in dogs

» ldiopathic laryngeal paresis or paralysis—occasional in dogs
and cats

e Trauma to vagus nerves—occasional in dogs and cats

* Polymyositis—occasional in dogs and cats

* Hypothyroidism—occasional in dogs

* Myasthenia gravis—occasional in dogs and cars

® Polyneuropathy—occasional in dogs, rare in cats

e Neoplasia affecting the vagus nerve—rare in dogs and carts
v' Tongue paralysis

® Trauma to the hypoglossal nerve—rare in dogs and cats

e Neoplasia affecring the hypoglossal nerve—-rare in dogs and cars

* Polyneuropathy—rare in dogs and cats
v Multiple cranial nerve signs

® Cranial polyneuropathy—rare in dogs and cats

* [Dwsautonomia—rare in dogs and cars

Central Nervous System
Disorders (Any Cranial Nerve Sign)

v Meningoencephalitis—common in dogs and cats
v' Trauma—common in dogs and cats
v' Cerebrovascular disorders—occasional in dogs and carts

v' Neoplasia—common in dogs and cats
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Diagnostic Evaluation

Important Historical Questions

* [Date of onset?

* Acute or chronic? Nonprogressive or progressive!

* How is vision! Difference in day or night?

* How is hearing?

® |s there a chungu in the appearance of the face?

® [s there any difficulty drinking, earing, chewing, or swallowing?
® |s there regurgitation or change in voice?

* Any weakness of the limbs or exercise intolerance?

* Seizures, dementia, head rtilt, or other neurulngi:: signs!
® Possibility of trauma?

® Concurrent or past illness!?

¢ Concurrent or past neoplastic disease?

* Recent or current medications, nutritional supplements, or
exposure to toxins!

Physical Examination

v" Examine rthe ocular fundus for evidence of chorioretinitis or
other retinal disease.
v Examine ears for evidence of otitis externa.

v Examine body for evidence of systemic disease.

Neurologic Examination

v Determine which cranial nerve or nerves or muscles are involved.

v Determine if a PNS or CNS lesion is present.

Applicable Diagnostic Tests

v" A complere blood count (CBC), serum chemistry profile and
urinalysis are performed to detect systemic illness and as part of
the preanesthetic evaluation.

v Chest and abdominal radiographs with or without abdominal
ultrasonography may be performed to check for megaesophagus,
aspiration pneumonia, and evidence of neoplasia.



v An electroretinogram (ERG) can differentiate retinal disease
from optic neuritis.

v Serum rotal thyroxine (T4) or free T4 level may be

reduced and thyroid-stimulating hormone (TSH) level elevated
with hypothyroidism.

v Serum creatine kinase {CK) may be elevared with myositis.

v Serum acetylcholine receptor antiboady level is often elevated
in animals with myasthenia gravis.

v Serum 2M-antibody level is often elevared in dogs wirh masti-
Carory myositis.

v The following are tests that are performed under general anes-
thesia, as well as their findings:

o An elecrromyogram (EMG) can be useful to determine if
there are lesions in more than one cranial nerve or if diffuse

polyneuropathy or polymyopathy or myasthenia gravis is present.

® A brainstem auditory-evoked response (BAER) test is used to
evaluate hearing and brainstem integricy.

* Computed tomography (CT) or magnetic resonance imaging
(MRI) can be abnormal in cases of retrobulbar and ocular dis-
ease, inner ear infection and neoplasia, meningoencephalitis,
brainstem neoplasia, and trauma.

® The cerebrospinal fluid (CSF) analysis is often abnormal in
cases of meningoencephalitis or neoplasia.

e A biopsy of the temporalis and masserer muscles will show
inflammartion and necrosis in cases of masticatory myositis,

Peripheral Nerve and
Muscle Disorders

Blindness

v" Visual deficits with dilated pupils that do not respond to light are
usually associated with diseases of the retina or opric nerves (CN 2).
Chorioretiniris, retinal detachment, and some forms of retinal degen-
eration can be visualized on funduscopic examination. Chorioretinitis
may be associated with viral, protozoal, fungal, rickettsial, and other
infecrions as well as granulomatous meningoencephalitis (Section 2).
Severe chorioretinitis can result in retinal detachment; this may also
be caused by immune-mediated, inherited, neoplastic or idiopathic
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disorders, and systemic hypertension. Retinal degeneration is a
common cause of blindness in dogs but can also occur in cars.
Progressive retinal atrophy is usually inherited. Other causes of retinal
degeneration are taurine deficiency in carts, enrofloxacin roxicity in
cats, vitamin E deficiency, and glaucoma.

#. Sudden blindness in dogs with a normal ocular fundus but
absent pupillary light reflexes could be due to SARDS, optic
neuritis, or toxic optic neuropathy (Figure 6-5). Some cases of
optic neuritis show swelling of the opric disk (Figure 6-6), but
the disk may also appear normal. Since toxic optic neuropathies
have been described in humans, all recent or current medica-
tions, nutritional supplements, or exposure to toxic substances
should be considered for the potential of neurotoxicity and
discontinued if possible. The ERG is abnormal in animals with
SARDS but not in optic neuritis, and differentiation of these
two diseases is essential, as early diagnosis and treatment of optic
neuritis may restore vision. There is no effective treatment for
SARDS, and it appears to be a sudden photoreceptor cell dearh
of unknown cause with no associated inflammation.

¥ Optic neuritis may be associated with an infectious agent
(e.g., canine distemper virus, feline infectious peritonitis virus,
Toxoplasma gondii, and some fungi), granulomatous meningoen-
cephalitis, a paraneoplastic syndrome, trauma, or
immune-mediated disorders. It can also be idiopathic. Any
enlarged lymph nodes should be aspirated to detect infection or
neoplasia. CSF analysis, serum and CSF organism immunoassays,

Figure 6-5 A mixed-breed dog
with acute blindness and bilateral
dilated unresponsive pupils from
optic neuritis.



Figure 6-6 Swollen optic

disk (arrow) seen on the fundo-
scopic examination of a dog with
optic neuritis,

(Courtesy of Dr. Dennis Brooks).

and MRI may be useful to rule out concurrent meningoen-
cephalitis or neoplasia, Treatment of meningoencephalitis is
found in Secrion 2, Tables 2-10 and 2-11. A thorough examina-
tion for neoplasia elsewhere in the body should be performed. If
other causes are ruled out, then a diagnosis of idiopathic optic
neuritis is made. Since idiopathic optic neuritis is suspected to be
immune-mediated, immunosuppressive drugs are given.

v Treatment with prednisone 1-2 mg/kg PO every 12 hours
for 2 to 3 weeks with subsequent tapering of the dose often
improves vision. Famotidine (Pepcid AC, Merck) 0.5-1 mg/kg
PO every 12 1o 24 hours, cimertidine (Tagamet, SmithKline
Beecham) 5-10 mg/kg PO every 12 hours, or misoprostol
(Cyrotec, Searle) 1-3 pg/kg PO every 8 hours is recommended to
protect the gastrointesinal tract from upset or ulcers when
steroids are administered at high doses.

v’ If there is no response to prednisone alone, the antineo-
plastic, immunosuppressive drug procarbazine (Martulene, Sigma
Tau) may be given at 2-4 mg/kg/day PO for 1 week then
increased to 4-6 mgfkg/day. The hemogram and platelet count
should be monitored every week initially. If the leukocyte count
falls below 4000 cells/ul or platelets are less than 100,000
cells/ul, the drug is discontinued until the leukocyte count
returns to normal. Therapy may have to be given for 6 to 12
months to conrrel elinical signs. Periodic drug withdrawal may
be used to see it a relapse of visual deficits occurs. In some cases,
blindness may be permanent.
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Figure 6-7 Parasympathetic and sympathetic innervation of the eye.

v Horner’s syndrome with no other neurologic signs is usually
associated with trauma or neoplasia affecting the vagosympathetic
nerve. | horacic radiographs may reveal a mass in the thoracic
inlet. Horner'’s syndrome may be associated with inner ear infec-
tions (Section 5), brainstem or cervical spinal cord disorders
(Sections 9 and 10), and with paralysis of the thoracic limb
(Secrion 14). Rerrobulbar masses may also cause anisocoria and
affect either sympathetic or parasympathetic innervation to the

pupil or both. An idiopathic horner's syndrome may occur.
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Figure 6-8 Horner's syndrome
(ptosis, miosis, and enophthal-
mos) in the right eye of a cat
with a middle ear infection; the
cat had a right otitis externa,
media, and interna.
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Figure 6-9 A dilated right pupil (arrow) and ptosis from an oculomotor nerve
(CN 3) lesion in a cat.

Strabismus

. Ventrolateral strabismus may be due to a lesion of the oculo-
motor nerve (CN 3) (Figure 6-10), while medial strabismus is
usually associated with a lesion of the abducens nerve (CN 6).
Dysfunction of the trochlear nerve (CN 4) is rare in dogs and
cats. Congenital strabismus can be seen in dogs and cats.
Strabismus with no other neurologic signs may be due to trauma
or nenplasia of the associated peripheral nerve. CT or MRI
should be considered if mass lesions of the orbit or cranial nerves
are suspected. Neurofibroma or lymphosarcoma of the oculo-
motor or abducens nerves can occur and are difficult to remove
when they are close to the brainstem. Retrobulbar masses may
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Figure 6-11 A cat with jaw paralysis
from trauma; no jaw fractures are
present, only bilateral trigeminal nerve
(CN 5) paralysis; the cat recovered
function of the jaw within 2 weeks.

Temporalis and Masseter
Muscle Atrophy

v Masticatory myositis is an immune-mediated disease of dogs
that can be an acute condition characterized by pain on opening
the mouth and muscle swelling or a chronic condition charactrer-
ized by atrophy of the temporalis and masseter muscle and
inability to open the mouth due to muscle fibrosis (Figure 6-12).
The immune-mediated response is directed rtoward the 2ZM-type
fibers of the masticatory muscles. Elevared ZM-antibody levels
may be found in the serum of affected dogs. Inflammation and
fibrosis are seen on histologic examination of a muscle biopsy. If
pain occurs only on opening the mouth, retrobulbar or temporo-
mandibular joint disorders should also be considered.

v If masticatory myositis is confirmed, prednisone 1-2 mg/kg
PO every 12 hours is given until jaw mobility returns. The
dosage is then gradually tapered to the level necessary ro
maintain mobility. Oral famotidine (Pepcid AC) 0.5-1 mg/kg
every 12-24 hours, cimetidine (Tagamet) 5-10 mg/kg every 12
hours, or misoprostol (Cyrotec) 1-3 ug/kg every 8 hours may
reduce gastrointestinal irritation when the dose of steroid
therapy is high. If there is no response to prednisone alone, then
other immunosuppressive drugs may be considered. Azathioprine
(lmuran, Glaxo Wellcome) 2 mg/kg PO once daily may be added
to prednisone therapy until improvement is seen and then
reduced to every-other-day dosage indefinitely. Hemograms and
platelets counts should be closely monitored. Supportive care
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Facial Nerve Paralysis

y
v Facial nerve paralysis results in inability to move the eyelid,
ear, or lip on one or both sides {Figurf 6-14). In acure condi-
tions, the ear and the lip on the affected side may be flaccid and
hang below the normal side. In chronic paralysis, muscle fibrosis
causes the lip and ear to contract and be carried higher than
those on the normal side. Inability to close the eyelid is usually
obvious on the affected side. The facial nerves innervate the
lacrimal and salivary glands, and lesions may cause dryness of the
eyes and mouth. Food may collect inside the lips on the affected
side. The Schirmer tear test can be useful to evaluate tear
production. Administration of artificial tears in the affected eye
3 to 4 times daily may be needed to prevent keratoconjunctivitis

sicca and corneal ulcerarion.

Figure 6-14 A Doberman
pinscher with right facial nerve
paralysis from an injury.

v Otitis media commonly causes facial paralysis with no other
signs, especially in dogs with chronic otitis externa. Otitis media
and interna may also cause facial paralysis with Homer's
syndrome and vestibular signs. The diagnosis and treatment of
otitis media and interna are discussed in Section 5.

. Trauma to the facial nerve can cause facial nerve paralysis,
which often resolves in time. Hypothyroidism may also cause
facial paralysis. Microcytic anemia and elevated cholesterol may
be found on the CBC and chemistry profile, respectively, but
hypothyroidism is best diagnosed by demonstrating a low serum
total T4 or free T4 level in conjunction with an elevated TSH.,
Levothyroxine sodium (Soloxine, Daniels Pharmaceuticals) 0.02
mg/kg PO every 12 hours usually results in a resolution of signs.
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Danes, and other dogs and cats between 5 and 12 years of age.
There is no specific treatment for congenital or idiopathic
megaesophagus. Supportive care consists of feeding small
amounts of moist food formed into small balls 2-3 times daily
from an elevated surface and then holding the animal vertical for
10-15 minutes after meals to prevent regurgitation. In severe
cases, a gastrostomy tube may be necessary for feeding. About
20% ro 40% of dogs with congenital megaesophagus may
improve as they ger older, but spontaneous recovery of idiopathic
megaesophagus is rare.

v Congenital laryngeal paralysis occurs in young Bouvier des
Flandres, Siberian huskies, and other dog breeds. ldioparthic
laryngeal paresis or paralysis may occur in adult Labrador retrievers,
Afghan hounds, Irish setters, and other dog breeds and cats.
Treatment usually involves some surgical intervention, such as
unilateral thyroarytenoid lateralization, ro distract the vocal folds
or partial laryngectomy to open the airway. The most frequent
complication of dysphagia, megaesophagus, and surgery for
laryngeal paralysis is aspiration pneumonia, which can be faral.

Tongue Paralysis or Atrophy

v Unilareral rongue paralysis or atrophy from a hypoglossal
nerve (CN 12) lesion with no other neurologic signs is relatively
rare but may be associated with peripheral nerve trauma or
neoplasia. If the animal has no known history of trauma, MRI of
the caudal brainstem area should be considered to rule out
neoplasia, such as neurofibroma, meningioma, and lymphosar-
coma affecting the hypoglossal nerve as it exits the brainstem.

Cranial Polyneuropathies

#. Mulrtiple cranial nerves may be dysfunctional in dogs with
acute polyneuropathies (Section 9), chronic polyneuropathies
(Section 10), meningoencephalitis or neoplasia affecting the
brainstem (Section 2), and cranial polyneuropathies (Figure 6-
15). In animals with cranial polyneuropathies, only muscles
associated with cranial nerves are abnormal on the neurologic
examination and EMG. No other underlying polymyopathy,
hypothyroidism, myasthenia gravis, or polyneuropathy is
dﬂtﬂctﬂd. ESF Hnﬂ]?ﬁiﬂ E]ﬂ{_'l MR[ Are I'IE]TTT[HI. ;]nd ]f'IEI.FI Lty ]"LI.I.E ot
brainstem inflammation or multifocal peripheral nerve
neoplasias, such as lymphosarcoma. Chronic immune-mediated
or paraneoplastic cranial polyneuritis is suspected. Treatment
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with prednisone with or without azathioprine and gastroin-

testinal protectants as described above for masticatory myositis
can be tried. In some cases, there is no response to therapy and
the prognosis is grave.

Figure 6-15 A mixed-breed dog with paralysis of the tongue, unilateral atrophy
of the temporalis and masseter muscles, and facial nerve paralysis on the right
side from granulomatous meningoencephalitis of the pons and medulla; the dog
also had hemiparesis and conscious proprioceptive deficits on the right thoracic
and pelvic limbs.

Dysautonomia

v" Dysautonomia is an idiopathic dysfunction of the autonomic
nervous system of dogs and cats that causes dilared pupils that do not
respond to light with normal vision, anisocoria, prolapsed third
eyelids, reduced tear and saliva production, megaesophagus, brady-
cardia, constipation, and urinary incontinence. A Shirmer tear test is
reduced (<15 mm/min). No increased heart rate is observed when
arropine 0.02 mgfkg IV is administered. One drop of dilute pilo-
carpine (0.19) will constrict the pupils of an animal with
dysautonomia but not a normal animal. Affected animals may also
have anorexia, weight loss, weakness, and tremors. Reported cases are
primarily from the United Kingdom; sporadic cases have been
reported in the United Srates in Kansas and Missouri. The diagnosis
is primarily based on the typical clinical signs. Urinary cate-
cholamines are reduced. Treatment is symptomartic and supportive.
Initially fluid administration and electrolyte replacement therapy may
be necessary. Gastrostomy feeding may be needed to maintain
nutrition. The bladder may have to be expressed every 8 hours, and
laxatives may be given to assist defecation.



¢ Administration of parasymparthomimetic drugs, such as
bethanechol hydrochloride (Urecholine, Merck) 5 to 25 mg PO
every 8 hours in dogs and 2.5 to 5 mg every 8 to 12 hours in carts,
may relieve some of the symptoms. One or two drops of 0.5%
physostigmine or 1% pilocarpine ophthalmic preparations in
both eves evervy 12 hours may have some systemic effect.
Aspiration pneumonia secondary to megaesophagus and urinary
tract infections require antibiotic therapy. The demeanor and
appetite of cats may improve with prednisone 1 to 5 mg every
other day. Affected animals may recover after several months,
but the nursing care is so intensive that many owners elect
euthanasia. A diffuse degeneration of the autonomic ganglia of
unknown etiology is found on necropsy.

Central Nervous System
Disorders

v Cranial nerve signs plus unilateral or bilateral conscious
proprioceptive deficits, hemiparesis, or quadriparesis suggests
brainstem disease. Meningoencephalirtis, head trauma, cere-
brovascular disorders, and neoplasia are possibilities and are
discussed in Section 2.
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Section 7
Neck or Back Pain

Neck pain Back pain  Lumbosacral pain
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Definitions

Pain: An aversive sensory and emotional experience, which
elicits protective motor actions and results in learned avoidance

(Figure 7-1).

Figure 7-1 A 7-year-old chocolate Labrador retriever with an anxious look,
guarding the neck because of pain from an intervertebral disk protrusion at C5-6.

Hyperesthesia: Increased sensitivity to stimulation resulting in a
negative behavioral reaction from the animal.

Hyperpathia: An exaggerated response to painful stimuli.

Paresthesia: Abnormal burning or tingling; often affects limbs
and feet and manifests as self-murtilation.

“Root signature”: A sign that a lesion is irritating the nerve
roots to a limb; manifests as reluctance to bear weight on the
limb when standing and lameness or pain of the limb.

Fenestration: A surgical procedure to remove the nucleus
pulposus of the intervertebral disk to prevent future extrusions.

Meningitis: Inflammation of the meninges (i.e., the three
mt“.mhfﬂnEH thﬂt Eurrl-lund thE‘ Epinﬂl C'l'.}r'lu_:l ill'ld hrﬂin: durﬁ marer,
arachnoid membrane, and pia mater).



Lesion Localization

v" The location of lesions that cause neck and back pain are
shown in Figure 7-2. These lesions usually originate in the:

® Cervical, thoracic, lumbar, or sacral regions

® Referred cervical pain may originate from an intracranial
lesion (rare)

v" The following structures can be sources of pain:
* Meninges
® Nerve roots
* Vertebrae
e [ntervertebral disks
e Spinal ligaments

* Muscles

Meck pain  Back pain  Lumbosacral pain

T

Figure 7-2 The lesion is usually at the site of the pain in animals with neck or
back pain.
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Differential Diagnosis

Neck and back pain with no other associarted neurologic signs:
v Degenerative intervertebral disk disease (IVDD)—common in
dogs, rare in cats

v Diskospondylitis or osteomyelitis—common in dogs, rare in cats
v Meningitis—.common in dogs, occasional in cats

v Vertebral fracture —common in dogs and carts

v' Lumbosacral degeneration—common in dogs

v Arlantoaxial subluxation—occasional in dogs

v Caudal cervical spondylomyelopathy—occasional in dogs

v Spondylosis deformans—occasional in dogs and cars

J VET['L"JI'HI. l'l'L"l'.]FIilﬁii]—tlctilﬁii}ﬂill 1n -L'I"JHH -'-in:d Cats

v Nerve root or spinal cord neoplasia—occasional in dogs and cars
v Polymyositis or other polymyopathy—occasional in dogs and cats
v Polyarthritis—occasional in dogs

v Intracranial neoplasia—rare in dogs and cats

Diagnostic Evaluation

Important Historical Questions

® Possible trauma? (If so, obtain vertebral radiographs before
proceeding further.)

® Depression or decreased activiry?

* Difficulry rising?

* Reluctance to bend down to eat or drink?

* Reluctance to jump or go up or down stairs!

e When did the signs start? How long have they been present!
Progressive!

¢ Where does the owner think the pain is located?

* Have there been previous episodes of pain?

® Is the animal anorexic or depressed or showing other signs of
systemic disease!

e Does the animal have a urinary trace infection?

. .A.r-e.‘. thl.!'rl.'. Ay FT'E\-"i.['lll.."i- O Current ITlEdiEElti.(?nE T -[‘.nl']‘u_‘r
treatments for the pain!
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Table 7-2:*
Stop the Pain!
Regardless of the cause, pain relief is provided as soon as possible. The type of paiﬁ_reﬂsr
vares with the cause and severity:

Muscle spasms
* Intravenous diazepam 0.5 mg'kg (not to exceed 10 mg in dogs and 5 mg in cats)

once, then give orally
® Dral diazepam 0.5 mg/'kg (not to exceed 10 mg in dogs and 5 mg in cats) every 6-
8 hours

Nerve root and meningeal irritation
® Oral prednisone 0.25-1 mg'kg every 12 hours; taper doses over 7-14 days (strict
crate rest is essential!)
® Acupuncture: Dogs and cats may need 6 or more treatments (prednisone therapy
may interfere with the effectiveness of acupuncture)

Mild bone pain
® Oral carprofen (Rimadyl, Pfizer) 2.2 mg/kg every 12 hours for dogs

® QOral etodolac (Etogesic, Fort Dodge) 15 ma/kg once daily for dogs
® Oral buffered aspirin 10-25 mg/kg every 8-12 hours for dogs and 10-15 mg/kg
every 24-72 hours tor cats

®* Acupuncture: Dogs and cats may need 6 or more treatments (NSAIDS may inter-
fere with the effectiveness of acupuncture)

Warning: Never use caprofen, etodolac or aspirin in combination with

prednisone or other corticosteroids as gastrointestinal ulcers and perfora-
tion can lead to death!

Mild to moderate pain
® |ntravenous or subcutaneous buprenorphine (Buprenex) 0.005-0.02 mg/kg for
dogs and 0.005-0.015 mg/kg for cats every 3-8 hours

Moderate to severe acute pain
® |ntravenous or subcutaneous hydromorphone 0.05-0.2 mg/'kg for dogs and 0.05-
0.1 mg/kg for cats every 3-6 hours

®* |ntravenous morphine 0.05-0.4mg'kg for dogs; give slowly over 1 minute as it may
cause histamine release

® Subcutanecus morphine 0.05-0.2 mg/kg every 3-4 hours for dogs

Mild to moderate chronic pain
* Transdermal fentanyl patch (0.005 mg/kg'hr) for dogs and cats; takes up to 24
hours in dogs and12 hours in cats to reach therapeutic plasma levels; lasts up to 72
hours in dogs and 100 hours in cats (not all animals reach therapeutic levels and may
require additional opioid therapy, such as hydromorphone, if they are still in pain)

®* Acupuncture: Dogs and cats may need 6 or more treatments

* Table formulated in conjunction with Dr. Sheilah Robertson.
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Applicable Diagnostic Tests
v" Vertebal column radiographs if fracture is suspecred.
v A complete blood count (CBC) may show neutrophilic leuko-

cytosis in cases of diskospondylitis, spondylitis, and some cases of
meningitis. Fibrinogen levels may be elevared as well.

v Urinalysis may show evidence of a urinary tract infection in
cases of diskospondylitis, and urine culture and antibiotic sensi-
tivity should be performed.

v Blood culture and antibiotic sensitivity may be indicated in
cases of diskospondylitis, spondylitis, and bacterial meningitis.

v A serum chemistry profile may be performed to detect systemic
illness and as part of the preanesthetic evaluarion.

v The serum creatine kinase (CK) may be elevated in animals
with polymyositis and other polymyopathies.

u"" E_}:,Tnlugic evaluation and culture of JoInt fluid may be useful to
confirm a polyarthritis.

v" Thoracic and abdominal radiographs and abdominal ultrasound
are indicated if neoplasia is suspected or abnormalities are found on
the physical examination.
v The following are tests thar are performed under general anes-
thesia; potential findings are also listed:
o Cerebrospinal fluid (CSF) analysis may show leukocytosis
with or withour elevated protein in animals with acure inter-
vertebral disc disease (IVDD), meningirtis, and some neoplastic
processes; only elevared protein is noted in cases of IVDD, trau-
ma, and neoplasia.

* An electromyogram (EMG) may show positive sharp waves
and fibrillation porentials in the paravertebral muscles in the
area of a lesion that affects ventral nerve roots.

¢ Vertebral column radiographs may show vertebral fracrures
and luxarions, calcified intervertebral disks, diskospondylirtis,
spondylitis, atlantoaxial subluxation, spondylosis deformans,
and vertebral neoplasia.
e A myelogram may demonstrate spinal cord compression in
animals with caudal cervical spondvlomyelopathy, VDD, or
some spinal cord neoplasia. Primary spinal cord neoplasia may
cause the spinal cord ro appear swollen on the myelogram.
e Computed romography (CT) and magnetic resonance imag-
ing (MRI) can be useful to demonstrate interverrebral disk dis-
ease, diskospondylitis, and vertebral and spinal cord neoplasia.
v Serum and CSF immunoassays for specific organisms are
indicared if CSF analysis shows evidence of inflammarion.
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Disorders That Cause
Neck or Back Pain

Degenerative Intervertebral
Disk Disease

v Degeneration of the intervertebral disk with extrusion or
protrusion of the disk marerial into the spinal canal is one of the
most common causes of neck and back pain in dogs. The inter-
vertebral disk is situated ventral to the spinal cord and consists
of an inner gelatinous portion, the nucleus pulposus, surrounded
by an outer fibrous ring, the anulus fibrosus (Figure 7-3). Hansen
Type | and Hansen Type Il VDD affect different types of dogs
and often have a different clinical course. In Hansen Type |
IVDD, the nucleus pulposus ruptures through the anulus fibrosus,
extrudes into the vertebral canal or compresses nerve roots, and
causes acute neck or back pain (Figure 7-4). A “root signature,”
which is caused by compression of the C6-T2 or L4-52 nerve
roots by a lateralized disk extrusion, causes lameness or pain in
one thoracic or pelvic limb. The disk may herniate to one side of
rthe dorsal longitudinal ligament, which lines the floor of the
vertebral canal, causing the limb or limbs of one side to be more
affected than the other.

Epidural space
/

Subarachnoid space
Vertabira

Spinal cord

- Dorsal longitudinal
ligament

Anulus librosus

= Nuciaus pulposus

Figure 7-3 The relationship of the intervertebral disk to the spinal cord.
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Figure 7-4
Type | intervertebral
disk extrusion.

Mucleus pulposus

Anulus fibrosus

v" Hansen Type | IVDD is usually caused by chondroid degener-
ation of the disk. It often affects chondrodystrophic dogs but can
affect other dogs. Dachshunds, Pekingese, pugs, Lhasa apsos,
Shih Tzus, beagles, cocker spaniels, and many other small-breed
dogs are commonly presented for neck and back pain from
Hansen Type | IVDD. The pain associated with this disorder can
be excruciating.

v Hansen Type 1l IVDD is associated with a fibroid type of disk
degeneration. The nucleus pulposus protrudes through some
annular fibers, while other annular fibers remain intact, hyper-
trophy, and protrude into the spinal canal (Figure 7-5). Hansen
Type 11 IVDD is more common in older nonchondrodystrophic
dogs with low-grade neck or back pain that slowly worsens over
several weeks or months. The pain associated with Type 11 IVDD
is usually mild compared to that of Type 1 IVDD.

v Pain from IVDD without neurologic deficits is more common in
the cervical region than in the thoracolumbar region as the
cervical spinal canal is larger, allowing the spinal cord more space
to avoid compression that might cause ataxia, paresis, or paralysis.
Extrusion or protrusion of disks between T1-T10 is rare, as the
conjugal ligament, which joins the heads of the ribs, reinforces the
region above the disks in this area. Carts rarely have IVDD, but
older cats can have chronic Type 1l disk protrusion.



Figure 7-5
Type Il intervertebral
disk protrusion.

¥ Calcified disks, narrowed disk spaces, and calcified disk
material in the vertebral canal are often seen on routine
vertebral radiographs in Type 1 IVDD (Figures 7-6 and 7-7).
However, radiographic abnormalities are rare in type 11 IVDD.
CSF analysis may be normal or have elevated protein levels with
or without mild leukocyric pleocytosis. Spinal cord compression
is usually absent or minimal on the myelogram of animals with
pain only, bur some animals can have significant spinal cord
compression and pain with minimal neurologic dysfuncrion.
Degenerated disks and disk material in the vertebral canal is best

visualized with CT or MRI (Figures 7-8, 7-9, and 7-10).

v Acure neck or back pain often responds to medical management
as outlined in Table 7-3. Crate rest for 4 weeks is the most
important part of therapy because if the dog is kept quiet during
the healing process, the extruded disk material can contract away
from nerve roots, relieving the pain without surgical intervention.

v Prednisone can often be discontinued after a few days, but
diazepam may be continued longer. If diazepam is continued for
more than 2 wecks, it should be tapered over several days as
opposed to being discontinued abruptly. Failure to improve with
rest, recurrent ¢pisodes of pain, and development of paresis or
paralysis are indicarions for surgical intervention. Most dogs with
cervical INDD require surgical removal of the extruded disk
material because of intractable pain.
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Figure 7-6 A lateral
radiograph of the cervical
vertebrae in a 5-year-old
dachshund with neck
pain and no neurologic
deficits shows evidence
of calcified degenerated
intervertebral disks within
the disk spaces at C4-5
and C6-7 (arrows).

Figure 7-7 Lateral radiographs of the lumbar vertebral column in a 5-year-old
German shepherd with chronic back pain and intermittent paraparesis for the
past 8 months; signs were controlled with prednisone but would return when
the prednisone was discontinued; calcified disk material can be seen in the disk
space as well as in the intervertebral canal at L2-3 (arrow).

Figure 7-8 Reconstructed sagittal CT of Type | intervertebral disk extrusion at
L2-3 {arrow) from the dog in Figure 7-7.
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Table 7-3
Medical Management of Neck and Back Pain from

Intervertebral Disk Disease
1. Strict crate confinement for 4 weeks. Activity is limited to short leash walks with a
harness for urination and defecation; dog can be held on the owner's lap. Collars and
neck restraint are avoided if cervical IVDD is present.

2. Oral diazepam 0.5-2 mg/kg every 6-8 hours as needed, not to exceed 10 mg
every & hours to relieve painful muscle spasms.

Warning: If the dog is still in pain or has any weakness, then give
prednisone, which will reduce nerve root and spinal cord irritation or
swelling. Crate confinement is even more critical when prednisone is
given, as pain relief is so complete that the dog may become overactive,
and this can lead to acute paraplegia or quadriparesis.

3. Oral prednisone 0.25-1 mg/kg every 12 hours for 3 days, then reduced to every
other day for three doses.

4. Oral famotidine (Pepcid AC, Merck] 0.5-1 mg/'kg every 12-24 hours, cimetidine
(Tagamet, SmithKline Beecham) 5-10 mg/kg every 8 hours, or misoprostol (Cytotec,
Searle) 1-3 pg/kg every 8 hours may be given to reduce gastrointestinal upset.

5. If further pain control is needed, see Table 7-2

Warning: Owners may try to discontinue crate confinement after a few
days especially when pain is controlled by the diazepam and prednisone
therapy. Impress on the client that failure to confine the dog can delay
healing, cause paralysis from the extrusion of more disk material, and
necessitate expensive surgery.

¥ With cervical IVDD, the dog is placed in dorsal recumbency and
the disk material is removed through a slot drilled into the two
adjacent vertebral bodies at the site of the extruded disk marerial
(ventral slot technique, Figure 7-11). With thoracolumbar disk
disease, dogs are placed in sternal recumbency and hemilaminec-
tomy is performed to retrieve the extruded disk material (see
Section 12, Figure 12-6). The prognosis for pain relief is usually
excellent. Since other disks may be in various stages of degenera-
tion and cause future problems, prophylactic fenestrarion of other
disks near the surgical site is often performed in small dogs. Other
strategies to reduce the chances or effects of furure intervertebral
disk herniation are outlined in Table 7-4.
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v Antioxidants reduce spinal cord damage from oxygen
containing free radicals, which are produced following an injury.
Vitamin  may cause diarrhea, so a lower dose may be used
initially then slowly increased. High doses of vitamin E may
affect blood coagulation and should be used cautiously in animals
with coagulopathies.

v Although pain is often a feature of the disease, intervertebral
disk extrusion also commonly causes ataxia, hemiparesis, quadri-
paresis, quadriplegia, paraparesis, or paraplegia (Sections 8, 9,10,
12, and 13).

Diskospondylitis and Spondylitis
pondyl o dyl

W Diskospondylitis is a painful infection of the intervertebral
disk and vertebral endplates. Spondylitis, or vertebral
osteomyelitis, is a painful infection of the verrebral body.
Diskospondyliris is more common than spondylitis, and both are
usually caused by a bacrerial infection. Fungal infections, such as
aspergillosis, foreign-body migrations (such as grass awns), and
aberrant parasite migrations (such as spirocercosis) occur infre-
quently. Staphylococcus (5) aureus and 8. intermedius thar arrive
via a hematogenous route are the most frequent bacreria isolared,
although Streptococcus canis, Escherichia coli, Brucella canis, and
other organisms are also cultured. Preexisting or concurrent skin,
urinary tract, or cardiorespiratory infections are often present.
The lumbosacral, thoracolumbar, cervicothoracic, and mid-
thoracic regions are frequently affecred. Involvement of mulriple
sites 15 COMmIMmon.

. On examination, pyrexia may or may not be present. Sites of
systemic infection should be investigated by performing a
thorough clinical examinartion accompanied by a CBC, serum
chemistry profile, and urinalysis and urine culture. The CBC may
be normal or show neutrophilic leukocvrosis, but fibrinogen is
usually elevared. Cystitis is common, and the bacterial organism
isolated from the urine often also infects the disk and vertebrae.
Fungal hyphae associated with Aspergillus spp. may occasionally
be seen on examination of the urine sediment. Several bacrerial
cultures of the blood taken at different intervals may also help
identify the causal organism but are negative more than half of
the time. Serologic resting for Brucella canis is often performed
because of the public health significance of this infection.
Radiographs are used to confirm the diagnosis of diskospondyliris
and spondylitis. Characteristic routine radiographic changes may



only be present 1 to 2 weeks after the onser of signs, and
repeated radiographs may be necessary to demonstrate the lesions
in some cases. Radiographic abnormalities include lysis of
adjacent vertebral endplates with collapsed intervertebral disk
spaces or vertebrae, CT or MRI may show lesions earlier and

detail the changes better than routine radiographs (Figures 7-12,
7-13, and 7-14).

Figure 7-12 Lateral radiograph of diskospondylitis at the lumbosacral interver-
tebral disk space from a dog with severe lumbosacral pain.

Figure 7-13 Reconstructed sagittal CT showing endplate lysis of L7 and S1
(arrow) of the dog in Figure 7-12,
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Figure 7-14

Transverse CT showing a hole in
the center of the vertebral end
plate (arrow) associated with the
diskospondylitis at L7-51 in the
dog in Figures 7-12 and 7-13.

W Anrtibiotic therapy is selected based on the results of the
culture and antibiotic sensitivity. If no culture results are
available, antibiotic combinations of oral trimethoprim-sulfadi-
azine 15-30 mg/kg every 12 hrs and cephalexin (Keflex, Dista)
30 mg/kg every 8 hours may be administered. Other antibiotics
that may be considered include enrofloxacin (Baytril, Bayer)
S5mg/kg PO every 12 hours, ciprofloxacin (Cipro, Bayer) 2.5-5
mgfkg every 12 hours, and clindamycin (Antirobe, Pharmacia &
Upjohn) 5.5-11 mg/kg every 12 hours. Antibiotic therapy
should be continued for 6 to 8 weeks. Pain can be controlled as
described in Table 7-2.

v In animals thar are unresponsive to initial therapy, aspirates of the
intervertebral disk space guided by fluoroscopy or ultrasonography
may be useful in deciding treatment. Surgical debridement or decom-
pression is rarely needed unless the animal has paresis or paralysis and
does not rI:S}H‘.-nd to therapy. A m‘yelﬂgnim, CT, or MRI is needed to
visualize a lesion causing spinal cord compression. The overall
prognosis for bacterial diskospondylitis is very good, but recurrences
hil\?i_' I._Hi.‘l:['.l l'i.'pll}ﬁL"dr

v Diskospondylitis due to a fungal infection, such as with Aspergillus
spp., has a grave prognosis. Therapy with oral fluconazole (Diflucan,
Pfizer) 2.5-5.0 mg/kg once daily in dogs or 2.5-10 mg/kg every 12
hours in cats for a minimum of 6 weeks may cause remission of the
clinical signs. An underlying immune deficiency may be responsible
for a predisposition to fungal infections in young German shepherds
and other dogs. As a result, recurrence is likely when antifungal
medicarions are disconrinued.



Meningitis

g

¥ Meningitis can cause neck or back pain in dogs and cats that
have no other neurologic deficits. Pain may be worse in the
cervical region, bur can be mulrifocal or extend along the entire
vertebral column. Dogs with meningitis are often lethargic,
anorexic, and may or may not be febrile. Neutrophilic leukocy-
tosis may be evident on the CBC, but it may also be normal.
Meningitis is suspected when leukocyric pleocyrosis is found on a
CSF analysis. Bacreria, viruses, fungi, protozoa, rickertrsial
organisms and immune-mediarted processes may cause meningitis.
Specific immunoassays may be performed for many organisms
(Secrion 2). Bacterial meningirtis is suspected if the CSF contains
an increased number of degenerative neutrophils. A gram stain
of the CSF and bacterial culture with antibiotic sensitivity may
assist in confirming the diagnosis and indicate the appropriate
antibiotic therapy. Bacterial meningiris can result from
hematogenous spread of infections located in the endocardium,
uterus, bladder, prostate, or elsewhere in the body or from direct
extension of bacreria from sinus or ear infections, animal bires,
and neurosurgical procedures. Antibiotic therapy for bacterial
infections is discussed in Section 2. The prognosis is often poor,
and epidural abscesses can form. It is rare for other organisms
aside from bacteria to produce only meningitis with neck pain
and no neurologic deficit.

v Neutrophilic leukocytosis (often greater than 1000 cells/ul)
noted on CSF analysis can also be associated with immune-
mediared meningitis. Necrotizing vasculitis or steroid-responsive
meningitis-arreritis (SRERMA) is an immune-mediated necrosis of
meningeal arteries that causes neck pain in beagles, boxers,
Bernese mountain dogs, German shorthaired pointers, and other
dogs younger than 2 years of age. Immune-mediated meningitis
has also been described in older dogs. A few dogs may have
impaired mental status, cranial nerve deficits, seizures, blindness,
ataxia, and paresis (Sections 2,3,5,6 and 8). In some cases of
steroid-responsive meningitis, CSF leukocyrosis consists of a
mixture of neurrophils, lymphocyres, and macrophages. Serum
and CSF organiism titers should be evaluated to rule our other
causes of meningiris but are usually normal (Secrion 2).

¥ Long-term treatment with oral prednisone 2 mg/kg every 12
hours for 2 days, then reduced to 1 mg/kg every 12 hours for 2
weeks, then 0.5 mg/kg every 12 hours for 1 month, and then
tapered to alternate-day therapy for 4 to 20 months usually
results in remission. Oral famotidine (Pepcid AC) 0.5-1 mg/kg
every 12 to 24 hours, cimeridine (Tagamer) 5-10 mg/kg every
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12 hours, or misoprostol (Cytotec) 1-3 pgfkg every 8 hours may
be given to protect the gastrointestinal tract from irritation or
ulceration when the steroid dose is high. Pain may be controlled
as indicated in Table 7-2. Diazepam often relieves muscle spasms
associated with meningirtis. With aggressive immunosuppressive
therapy, dogs with SRMA often have a good prognosis for
recovery. Recurrence can occur and may necessitare long-term,
alternare-day therapy once remission has been achieved.

Vertebral Fractures

v Animals with vertebral fractures may present with pain and
no neurologic deficits, but this is more likely in the cervical
region than in the thoracolumbar region. Diagnosis and manage-
ment of vertebral fractures are discussed in Secrions 9 and 12.

Lumbosacral Degeneration

P Lumbosacral degeneration, also known as lumbosacral stenosis,
lumbosacral disease, and cauda equina syndrome, causes pain at
the L7-S1 region in German shepherds, German shepherd mixes,
and other large-breed dogs. The degenerative changes include
proliferation of the interarcuate ligament (i.e., the ligament
connecting the vertebrae dorsal to the cauda equina),vertebral
facet osteophyte formation, Type 11 IVDD and spondylosis
deformans at L7-51. These degenerative changes cause stenosis of
the vertebral canal and compression of the L7-Cd nerve roots.

v Pain is manifested as low tail carriage; reluctance to wag the
rail; and difficulty rising, climbing stairs, or jumping on furniture
or into the car. Signs of pain may increase after exercise. A flaccid
tail and urinary and fecal incontinence can occur as stenosis and
nerve root compression worsen (Section 15). Proprioceptive
deficits and weakness of one or both pelvic limbs can rarely occur
(Secrion 13).

v Many dogs have concurrent orthopedic disease of the hip!-,'. that
causes pain, and careful palparion of the lumbosacral joint alone is
essential. Placing the thumbs on the midline, with fingers on each
ileum, allows the examiner to exert direct pressure over the
lumbosacral articulation without placing stress on the hip joints.
Daorsal flexion of the tail usually elicits pain. Palpation of the
ventral lumbosacral region through the rectum may also be painful.

v Early diagnosis and treatment will help prevent irreversible
urinary and fecal incontinence. Positive waves and fibrillation
potentials may be found on EMG examination of the caudal

lumbar muscles, tail, and anal sphincrer. Plain radiographs are



often normal (Figure 7-15), or they may show spondylosis
deformans and narrowing of the lumbosacral intervertebral disk
space. Type Il IVDD and cauda equina and lateral nerve root
compression are best documented with CT or MRI of the
lumbosacral region (Figure 7-16).

v" Acute pain is controlled as described in Table 7-2 for IVDD.
Dorsal laminectomy (see Figure 12-7) and diskectomy are
recommended if pain recurs when medical therapy is discon-
tinued or to avoid progressive compression of nerve roots,
which may result in urinary and fecal incontinence. Crate
confinement as described for IVDD is essential with or without
surgery to prevent pain from recurring. Dogs with pain alone have
an excellent prognosis for recovery with surgery.

Figure 7-15 Lateral radiographs of a 5-year-old mixed-breed large dog with
lumbosacral pain showing little evidence of abnormalities.

Figure 7-16 Sagital T-1 weighted MRI of the dog in Figure 7-15 clearly
showing a Type Il intervertebral disk protrusion, which may be associated
with early lumbosacral degeneration (arrow).
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Atlantoaxial Subluxation

v Small dogs with atlantoaxial subluxation due to congenital
abnormalities of the dens and ligaments of C1-2 may be
presented for neck pain alone but are more often presented for
acute quadriparesis or quadriplegia (Secrion 9).

Caudal Cervical
Spondylomyelopathy

v Caudal cervical spondylomyelopathy may cause neck pain in Great

Danes and Doberman pinschers and other large-breed dogs, bur ataxia
and quadriparesis are the most common clinical signs (Section 8).

Spondylosis Deformans

v" Spondylosis deformans, also known as hypertrophic spondylosis, is
characterized by formation of ventral and lateral osteophytes that
bridge the intervertebral disk spaces and may cause neck or back
discomfort, especially following excessive exercise or during cold
weather. Spondylosis deformans is often an incidental radiographic
finding thar is especially common in the caudal thoracic and lumbar
vertebrae in dogs (Figure 7-17) and occasionally in cats. Degeneration
of the annulus fibrosus of the intervertebral disk is suspecred to result
in osteophyte production. Spondylosis deformans rarely causes severe
pain. Oral carprofen, etodolac, or aspirin as described in Table 7-2
can be used to control pain. Osteophytes rarely compress the spinal
cord and nerve roots to cause ataxia or paresis.

Figure 7-17 Lateral radiograph of the ventrolateral bony proliferation known
as spondylosis deformans (arrows), which may cause some intermittent discom-
fort but rarely causes severe pain; usually an incidental radiographic finding.



Vertebral Neoplasia

v Osteochondromatosis, also known as multiple cartilaginous
exostoses, is the development of proliferative benign masses of
cartilage and bone that arise from metaphyseal growth plates,
often at multiple sites in young animals. Vertebral osteochon-
dromas may cause neck and back discomfort, but most animals
are not presented to a veterinarian until chronic progressive
ataxia, paresis, or paralysis develops (Sections 8, 10, and 13).
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Osteosarcoma, chondrosarcoma, fibrosarcoma, hemangiosarcoma,
myeloma, and metastatic prostatic or mammary adenocarcinomas
are the most common types. Vertebral neoplasia often compresses
the spinal cord and causes chronic ataxia and paresis. A patho-
logic fracture of the neoplastic vertebrae occasionally causes
acute guadriparesis, quadriplegia, paraparesis, or paraplegia.

v Bony lysis with or without bony proliferation can usually be
seen on plain radiographs of the vertebral column (Figure 7-18),
but CT is superior (Figure 7-19) to visualize vertebral neoplasia.
A myelogram or MRI may show spinal cord compression. A fluo-
roscopic-guided needle aspirate or biopsy of the affected vertebra
may assist in differentiating spondylitis and neoplasia and estab-
lishing a detinirive diagnosis.

Figure 7-18 Lateral radiograph of the thoracic vertebral column showing

proliferative bony changes on the dorsal spinous process of T3 (arrow) in a
6-year-old boxer with back pain.
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Figure 7-19 Transverse CT of the
T3 vertebra from Figure 7-18
demonstrates the bony prolifera-
tion (arrow) in more detail than
routine radiographs; metastatic
carcinoma was suspected from
the histopathologic examination
of a vertebral biopsy, but the pri-
mary tumor could not be located.

v A limited number of therapeutic options exist for vertebral
neoplasia. A few tumors may respond to chemotherapy, and radiation
therapy may be useful in others. Removal of the affected vertebra may
be artempted in select cases, but for the most part treatment is pallia-
tive. Pain is controlled as outlined in Table 7-2. Dogs and cats with a
vertebral neoplasm generally have a poor prognosis, and increased,
uncontrollable pain often necessitates euthanasia.

Nerve Root and Spinal Cord
Neoplasia

v Neoplasia of the nerve roots, plexus, or individual nerves can cause
pain of the neck, brachial plexus, back, lumbosacral plexus, or cauda
equina. This disorder often manifests as lameness or monoparesis and
is discussed in Section 14. Spinal cord neoplasia can cause neck or
back pain alone, but it more often causes progressive ataxia, paresis, or
pamlfsis (Sections 8, 10, and 13). Gabapentin (Neurontin, Parke-
Davis) 615 mg/kg PO every 6 hours may be tried for nerve pain in
dogs if pain is not controllable by other means. The expense of
gabapentin prohibits its use in many cases,
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Section 8

Ataxia

Cerebellum

Vestibular system (Chpt. 5)
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Definitions

Ataxia: Failure of muscle coordination.
Intention tremors: Tremors seen with initiation of movements.

Dysmetria: Improper degrees of limb flexion and extension
during movement.

Hypermetria: Exaggerated flexion when walking, trotting, and
turning; over-reaching (Figure 8-1).

Hypometria: Reduced flexion and exaggerated exrension when
walking, trotting, or turning; under-reaching.

“

Figure 8-1 Hypermetria of the
left thoracic limb in an
e 8-year-old Airedale terrier with
ﬁ"*""" cerebellar neoplasia.
Unconscious pmprinceptinn: SE.'m-h‘.!rF,,r information concerning
limb position that reaches the cerebellum via the spinocerebellar
tracts to provide coordinated movements; tested by observing
coordination of the head and gair.

ey o
h 1-"".'F|

' ';'1'-1.';" &' bl

%

Conscious proprioception: Sensory information concerning limb
position that travels to the thalamus and parietal cortex to give
conscious perception of position in space; tested by standing with
the toes knuckled over and observing whether the abnormal
posture is corrected.

Opisthotonus: Dorsal extension of the head and neck

with extension of the thoracic limbs and flexion of the pelvic
limbs; usually associated with acure cerebellar lesions
(decerebellate rigidity).

“Root signature”: A sign thar a lesion is irritating the nerve
roots to a limb; manifests as reluctance to bear weight on the
limb when standing and lameness or pain of the limb.

Meningomyelitis: Inflammation of the meninges and spinal cord.

Myelitis: Inflammation of the spinal cord.



Hypesthesia (hypoesthesia): Reduced sensarion to touch or
noxious stimuli.

Paresthesia: Abnormal burning or tingling; often affects limbs
and feet and manifests as self-mutilation.

Lesion Localization

v The location of lesions that cause ataxia are shown in Figure
8-2. These locations are:

® Cerebellum

® Spinal cord

® Sensory peripheral nerves

* Vestibular system (Section 5)

. "'Z

ﬂ _ Caraballum

=/ vestibular system (Chpt. 5)

Figure 8-2 Dysfunction of the cerebellum, vestibular system, spinal cord, or
sensory nerves causes ataxia (the dots indicate the lesion localization).
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v’ Stupor (possible)

v Head tilt, dysequilibrium, and nystagmus (Secrion 5) if the
vestibular nuclei are affected

Spinal Cord Lesions

v Ataxia of the limbs with normal head coordination
v Cervical lesions affect thoracic and pelvic limbs

v Thoracolumbar lesions affect pelvic limbs only

v May have neck or back pain

v' May have conscious proprioceptive deficits and paresis

Sensory Nerve Lesions
v Artaxia of the limbs only

v Conscious proprioceptive deficits

v' Loss of superficial and deep pain sensation
v Self-mutilation (Secrion 16)

v Lesions of the sensory nerves are very rare

Vestibular System Lesions
v' Head rile

v Ataxia with dysequilibrium

v Nystagmus

v" For a comprehensive discussion of these signs, see Section 3

Differential Diagnosis

Cerebellar Disorders

v Trauma—common in dogs and cats

v Meningoencephalitis—common in dogs and cars

v' Cerebrovascular disorders—occasional in dogs and cats
v’ Intoxication—occasional in dogs and cats

v Neoplasia—occasional in dogs and cats

v In-utero cerebellar degeneration and hypoplasia—occasional in
dogs and cars
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Physical and Neurologic
Examinations

v Examine the animal carefully for evidence of a systemic disease
process. A careful evaluation is especially important to differentiate
cerebellar and spinal cord disease.

Applicable Diagnostic Tests

v A complete blood count (CBC), serum chemistry profile, and
urinalysis are performed to detect systemic illness and as part of the
preanesthetic evaluation.

v Thoracic and abdominal radiographs and abdominal ultrasonog-
raphy are indicated if neoplasia is suspected or abnormalities are
found on the physical examinartion.

v The following are tests that are performed under general anes-
thesia, as well as their potenrtial findings:
e Cerebrospinal fluid (CSF) analysis may show increased leuko-
cytes and/or protein levels in meningoencephalitis,
meningomyelitis, or central nervous system (CNS) neoplasia
and other spinal cord compressions.

* An electromyogram may show positive sharp waves and fib-
rillation potentials in the paravertebral muscles in spinal cord
lesions that affect ventral nerve roots.

® Vertebral column radiographs may show vertebral fractures
and luxations, calcified intervertebral disks, diskcﬁpundylitis,
spondylitis, atlantoaxial subluxation, spondylosis deformans,

and vertebral neoplasia.

¢ A myelogram with dynamic views is useful to evaluate the
instability and ligamentous hypertrophy associated with caudal
cervical spondylomyelopathy.

* A myelogram may also demonstrate spinal cord compression
in animals with intervertebral disk disease, vertebral fracture or
subluxation, diskospondylitis, spinal cord cysts or neoplasia.
The spinal cord may appear swollen on the myelogram in cases
of primary spinal cord neoplasia.

e Computed tomography (CT) and magnetic resonance imag-
ing (MRI) can be useful to demonstrate cerebellar inflamma-
tion, infarction, cysts, neoplasia, or hypoplasia as well as some
degenerative diseases.

® Cerebellar biopsy with histopathologic examinarion may be
necessary for a definitive diagnosis.
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In-Utero Cerebellar Degeneration
and Hypoplasia

= In-utero degeneration of the cerebellum occurs in both dogs
and cats. The cerebellum continues to develop throughout gestation
and is not completely formed until several days after birth. An
infection or toxic exposure during a critical phase of development
can lead to a loss of neurons in all three layers of the cerebellum.
The signs are apparent when the animal begins to ambulate.
Panleukopenia virus and herpes virus infections are the most
common causes of in-utero cerebellar degeneration in cats and dogs,
respectively. Other dogs and cats may have an incompletely
developed cerebellum or cerebellar hypoplasia that is unassociated
with an infection.

v Ataxia and intention tremors of the head and body are seen as
neonates begin to move. Some cases are mild while others are
severe. In severe cases, walking and eating may be very difficult.
The signs do not change or progress over time. Mildly affected
animals may be acceptable pets but do not improve. CT or MRI
may demonstrate a small cerebellum; a small cerebellum is also
found on necropsy (Figure 8-5). No treatment is available, but
appropriate panleukopenia vaccination of nonpregnant queens is an
effective prevention. Vaccination of pregnant cats with modified
live-virus panleukopenia vaccines has been incriminated as a cause

of the disorder in some cats.

Figure B-5 A normal-sized cerebellum in a kitten (left, single arrow), and a
small cerebellum from in-utero cerebellar degeneration in another kitten (right,

double arrows).



Cerebellar Abiotrophy, and Other
Degenerations

v" Cerebellar abiotrophy is an inherited disorder associared with
premature death of neurons, which may affect all layers of the
cerebellum. Kerry blue terriers, Gordon setters, collies, and other
purebred dogs and very rarely cats usually develop progressive
ataxia at a young age. The age of onset and speed of progression
varies with each breed. Kerry blue rerriers are severely affecred
by 1 year of age, but Gordon setters develop signs later. In this
hrl:l.‘d, thE {_:I'IIHUE!.H'E PT[_'I:E:TEEHE‘E mre 5'(_‘.!\\?1"!.-' E'I_'I'I_d th'ﬂ"ﬁ-’ mﬂ_}" h'ﬂ
acceptable petd for a longer period. These disorders have tradi-
rionally been diagnosed by histologic examination at necropsy or
with cerebellar biopsy. However, characteristic changes may be
seen on MRI, allowing a presumprive diagnosis in the appropriate
breed. There is no treatment, and most animals progress to a
point where they are incapacitated and have a poor quality of life.

v" Various forms of spongiform degenerarion affect the cerebellum
and cause progressive ataxia and episodic opisthotonus in Labrador
retrievers, Samoyeds, silky terriers, and Egyptian mau cats younger
than 1 year of age. Involvement of other regions of the CNS is
often seen. There is no treatment. The clinical signs may worsen in
Labrador retrievers but improve over time in Egyptian mau cats.

v Several lysosomal storage disorders, such as GM-2 gangliosi-
dosis and sphingomyelinosis, cause progressive ataxia. Lysosomal
storage disorders are outlined in Section 2, Table 2-15. As with
abiotrophies, spongiform degeneration and lysosomal storage
disorders may show characteristic changes on MRI of the brain.

J ]_.H.[C"'l'.}nﬁl:[ (:L"I.'L"hl.l‘l.].ﬂr dl::gi:nt!r:lti-r.}n CCUIrSs i'l'l H.l'jl_.l].t L{LTES EI_I"I_CI
progresses slowly over several months ro years. Initially, the signs
are restricted to mild araxia of the pelvic limbs, but all four limbs
and the head become affecred insidiously over time. Most diag-
nostic tests are within normal limits, although CT or MRI may
demonstrate a small cerebellum. Histologic examination of a
cerebellar biopsy shows degeneration. The cause is unknown.
Antioxidant therapy with N-acetylcysteine 25 mgfkg PO every 8
hours every other da}r may duhw Progression of S1ENS, but affected
dogs ultimately become severely incapacitated. Such animals are
unable ro walk without the assistance of a harness and must be
hand fed and watered because head movements are so uncoordi-
nated. Many animals are euthanized because their quality of life
becomes so poor.
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Neuroaxonal Dystrophy

v Neuroaxonal dystrophy (NAD) has been described in
Rortweilers, collies, and cars. Affected Rotrweilers develop
insidious progressive ataxia that begins within the first 1 to 2
years of life. Severe ataxia, intenrion tremors, nystagmus, and
menace deficits eventually develop. The diagnosis is suspected
based on the signalment, clinical signs, and absence of abnormal
findings on CSF analysis and MRI. There is no known
treatment, and the prognosis is poor. Most affected dogs are inca-
pacitated by 6 years of age. Finding axonal spheroids in the
vestibular nuclei and nuclei of the dorsal spinocerebellar traces
on necrapsy supports the diagnosis of NAD. Collies with NAD
show similar signs, but onset occurs at 2 to 4 months of age. At 5
to & weeks of age, tricolor cars begin with head tremors and
progress to ataxia. An autosomal recessive inheritance is
suspected in dogs.

Brain Cysts

v Epidermoid, dermoid, and arachnoid cysts may rarely affect
the cerebellum and produce progressive neurologic signs. The
cysts are visualized on CT and MRI. Surgical removal or
drainage of the cyst from the cerebellum can be attempred.
These cysts can also cause progressive compression of the spinal
cord and are discussed in Section 13.

Spinal Cord Disorders

Degenerative Intervertebral Disk
Disease

v Ataxia of all four limbs or the pelvic limbs only is commonly
caused by Type I and Type 1l degenerative intervertebral disk
disease (IVDD) (Section 7). Some degree of quadriparesis is also
usually present, and this is discussed further in Section 9. The
diagnosis and medical treatment of IVDD are described in
Sections 7 and 9.

v Araxia associated with Type I IVDD may resolve with crate
rest, diazepam, and prednisone (Section 7, Table 7-3). Ataxia
associated with Type 11 IVDD often improves with prednisone
but recurs when medication is reduced or discontinued. If quadri-
paresis develops or ataxia returns when the medication is
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v Dynamic studies using MRI are more difficulr than with myel-
ography. Myelography accompanied by CT imaging can provide
more information about some lesions, particularly those in young
dogs with bony malformations and encroachment of the facets
into the neural canal. The degree of spinal cord atrophy may be
assessed with C'T or MRL

v' Mildly affected dogs will improve on prednisone 0.25 mg/kg
PO every 12 hours and oral muscle relaxants, such as diazepam
0.5-2 mg/kg PO every 6 to 8 hours as needed (not to exceed 10
mg every 6 hours). Acupuncture may also help relieve the pain.
Artaxia often returns if prednisone is discontinued.

¥ Surgical decompression and stabilization surgery are necessary
in most cases. | he type of surgery depends on whether the spinal
cord compression is dorsal, lateral, or ventral and if hypertrophy of
the dorsal longitudinal ligament is present. If dorsal or lateral spinal
cord compression is present, then a dorsal laminectomy (Section
12, Figure 12-7) over one or more sites may be necessary.

¥ A ventral slot technique may achieve decompression if only a
Type 11 IVDD is present (Section 7, Figure 7-11). If dorsal longi-
tudinal ligamentous hypertrophy and vertebral instability are
present, then a ventral decompression with vertebral distraction
and fusion are recommended. The distraction-fusion rechnique
(Figure 8-8) involves separation of the vertebrae with an implant
device (polypropylene ring or metal washer) and fixarion in this
distracted position with urrh-:_&pedic SCrews, wires, or pins_ If more
than one site of compression is seen on the myelogram, the
distraction-fusion [:‘:Chni:_}uc may be purﬁ:rmud at several sites at
the same time.

Figure 8-8 Radiographs of the distraction fusion technique with polypropylene
spacers and screws for caudal cervical spondylomyelopathy in the same dog as
in Figures 8-6 and 8-7.
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v" Following surgery, the parient is confined to a crate or small
room for 4 weeks, and the neck is supported with a light brace
and bandage. The dog’s activity level is then gradually returned
to normal. The prognosis for most dogs with surgical interven-
tion is very good. Most patients will recover ro 80% of normal in
the first 3 monrhs bur will continue to improve for 9 to 12
months. Because of increased stress on the vertebrae adjacent to
the fused vertebrae, Type 11 IVDD may occur on either side of
the surgical site several months or yvears following the initial
surgery (the “domino effect™).

Trauma

v Spinal cord rrauma most commonly causes acute quadri-
paresis, paraparesis or paraplegia along with ataxia and is
discussed in Section 9.

Meningomyelitis

gomyel

v Most of the inflammatory diseases of the brain discussed in
SECti{?n 2 Can E'II.H{'J el Ll=e® fﬁ?ﬂill 'Cl."l"n"'i.{:':]I T tht}r;lcnlurnh:lr l.l."ﬁi['lnﬁ-..
or multifocal spinal cord disease. Meningomyelitis or myelitis can
occasionally present as ataxia with or without pain and paresis.
Diagnosis is based on finding leukocyric pleocytosis and elevared
Pr[_]tﬂin IE\-"E]H in [hl: (:QE CSF ﬁt]llﬂﬁtﬂd 'FI"C'.I'!.'I'I T']'I.E‘ ].lll'['lh}l'l'
subarachnoid space may have higher leukocyte counts and
Fl’t_]tﬂin IE\-’EIH I'hun Thi-!.l' 'I'.]'[: tl'l.ﬂ CETEI’]E]I[]THEL:I[I]:IHTY clstern liJ.'LlL‘ tiy
the caudal flow of CSE Serum and CSF immunoassays for
specific organisms may help to identify causarive agents. An
inflammatory focus may be visible on MRI. Treatment of nervous

system inflammarion is discussed in the meningoencephalitis
section of Section 2, Tables 2-10 and 2-11.

Diskospondylitis

pondyl

v Neck or back pain is the most common initial clinical sign of
diskospondylitis. If left untreated, progressive ataxia can result
from spinal cord compression due to inflammartion and swelling
of the intervertebral disk and surrounding rissues. The diagnosis
and treatment of diskospondylitis are discussed in Secrion 7.

Atlantoaxial Subluxation

v Mild atlantoaxial subluxation from agenesis or hypogenesis of the
dens may cause ataxia of the limbs in toy breed dogs vounger than 1
year of age, but acute quadriparesis is most common. Atlantoaxial
subluxation is discussed in Section 9.
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Section 9

Acute
Quadriparesis,
Quadriplegia,
Hemiparesis, and
Hemiplegia

1 ) _ Focal cervical spinal cord
N " {or multifocal spinal cord)
i —
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Section ]. O

Chronic
Quadriparesis

__ Focal cervical spinal cord
" (or multifocal spinal cord)

" Diffuse peripheral
nerves or muscles
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Definitions

Chronic quadriparesis: Quadriparesis that progresses over 1 week
to several months.

Quadriparesis (tetraparesis): Weakness (paresis) in all four limbs,
which can be mild (ambulatory), moderate (nonambulatory, sternal
recumbency), or severe (nonambulatory, lateral recumbency), but
some voluntary limb movement is retained (Figure 10-1); most
ambulatory animals with quadriparesis also show ataxia and
conscious proprioceptive deficits.

Figure 10-1 Progressive
quadriparesis with
depressed spinal reflexes
of the limbs over several
weeks or months is
often associated with
polyneuropathy.

Quadriplegia (tetraplegia): Loss of voluntary movements in all
four limbs.

Flaccid or lower motor neuron paresis or paralysis: Paresis
or paralysis with reduced or absent spinal reflexes in one or
more limbs.

Spastic or upper motor neuron paresis or paralysis: Paresis
or paralysis with normal or increased spinal reflexes in one or
more limbs.

“Root signature”: A sign thar a lesion is irritating the nerve
roots to a limb; manifests as reluctance to bear weight on the
limb when standing and lameness or pain of the limb.

Fenestration: A surgical procedure to remove the nucleus
pulposus of the intervertebral disk to prevent future extrusions.

Neuromuscular system: The peripheral nerves, neuromuscular
junctions, and muscles.

Polyradiculoneuritis: Inflammation of many nerve roots and
peripheral nerves.



Decubital ulcer: A deep wound with sloughing skin and muscle;
occurs over bony prominences due to constant pressure from
lying in one position too long; the bone is often exposed.

Meningomyelitis: Inflammation of the meninges and spinal cord.
Myelitis: Inflammarion of the spinal cord.

Lesion Localization

v The location of lesions that cause chronic quadriparesis are
shown in Figure 10-2. These lesions usually occur in the:

® Focal cervical and cranial thoracic spinal cord (C1-T2)
® Mulritocal cervical, thoracic, and lumbar spinal cord (C1- L7)

® Diffuse neuromuscular system (peripheral nerves, neuromuscular
juctions or muscles)

_ Focal cervical spinal cord
f_,f*" {or multifocal spinal cord)

Diffuse peripheral
nerves or muscles

Figure 10-2 Chronic progressive quadriparesis can be associated with a focal
cervical lesion, a multifocal spinal cord lesion, or a generalized neuromuscular
lesion (dots indicate lesion localization).
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Differentiation of
Spinal Cord and
Neuromuscular Lesions

v An algorithm on how to differentiate spinal cord from neuro-
muscular lesions is shown in Secrtion 9, Figure 9-3,

C1-C5 Spinal Cord Lesions

J ]'F cTIIHHE{.] extrensor rE:FIE‘th AT pr-l_'h{:l'lt i thL‘ t]._ll]r':i{_'i.(: I.iI'['II._L":-
and the pelvic limb spinal reflexes are normal or hyperacrive,
then the lesion is localized ro C1-C5.

v 1f the spinal reflexes of all four limbs are normal or if tho-
racic limb spinal reflexes are normal and pelvic limb spinal
reflexes are hyperactive, the lesion could be at either C1-C5 or
C6-T2.

v May have unilareral Horner'’s syndrome on the side of

the lesion.

C6-T2 Spinal Cord Lesions

v 1f the lesion affects most of the C6-T2 region, the flexor
reflexes of the thoracic limbs are reduced or absent, and the
spinal reflexes in the pelvic limbs are normal or exaggerared.

v If the lesion affects only part of the C6-T2 region, the flexor
reflexes of the thoracic limbs may still be normal, and this
lesion cannot be distinguished from a C1-C5 lesion.,

v' May have unilateral Horner'’s syndrome on the side of
the lesion.

v May be loss of cutaneous trunci response on the side of
the lesion.

Neuromuscular Lesions
v Decreased or absent thoracic and pelvic limb spinal reflexes.
J mcrﬂﬂﬁﬁ.‘d L i:':lh.‘ﬁE‘I'lt l'l"l.l.]!'][.'_IL" tone in EIII 'I:-{'.II._'I.'I" I.iI'I.'II:"l'ﬁ.

v" Loss of the cutaneous trunci response.
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e Exposure ro toxins!
® Current or recent medicarions and response to therapy!

* Raw meat diet (roxoplasmosis)!?

Physical and Neurologic
Examinations

v Examine the ocular fundus for chorioretinitis.

v Examine for evidence of other systemic disease or neoplasia.
v Differentiate spinal cord from neuromuscular lesions.

v Check if Horner's syndrome is present (suggests a C1-T2
spinal cord disorder).

v Determine if one or more cranial nerves are affected
(indicates neuromuscular disorders).

v Determine if pain is a feature of the disease process.

Applicable Diagnostic Tests

v A complete blood count (CBC), serum chemistry profile, and
urinalysis are performed to detect systemic illness and as part of
the preanesthetic evaluation.

v Thoracic and abdominal radiographs and abdominal ultra-
sonography are indicared if neoplasia is suspected or
abnormalities are found on the physical examinarion.

v" Serum creatine kinase (CK) and serum acerylcholine receptor
antibody levels are evaluated if polymyopathy or myasthenia
gravis is suspected.

v The following are tests that are performed under general anes-
thesia, as well as their potenrial findings:

® Cerebrospinal fluid (CSF) analysis may show leukocyrosis
with or withour elevated protein in cases of meningomyeliris
and some neoplastic processes or, in chronic intervertebral disk
disease, myelitis, neoplasia, cysts, and spinal cord compression
elevated protein only.

* Routine verrebral column radiographs may show calcified
cervical intervertebral disks, diskospondylitis, spondylosis defor-
mans, and vertebral neoplasia.

* A myelogram with dynamic views is useful to evaluate the
instability and lgamentous hypertrophy associated with caudal
cervical spondylomyelopathy.

* A myelogram may also demonstrate spinal cord compression
in animals with intervertebral disk disease, cysts or neoplasia;
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Figure 10-3 A lateral myelogram
of a 7-year-old Doberman pinscher
with chronic progressive quadri-
paresis from Type Il intervertebral
disk protrusion at two sites, C5-6
and C6-7 (arrows).

v" Many dogs may respond temporarily to medical management
(Section 9, Table 9-1). Acupuncture treatments may also help
relieve the pain and quadriparesis. Lifestyle changes should be
recommended as outlined in Section 7, Table 7-4. Surgery is often
required for dogs that worsen when medication is discontinued
or those that are nunamhulatnw‘ Chronic cCoOmMpression can lead to
spinal cord atrophy from disruption of the normal blood flow,
Whil:}'l Cdan TEL‘I[I‘.’;{: I.'}'Il..! Eﬁﬂf_ti\’ﬂnﬂﬁﬁ l]‘f- SUTECTY. J'd'i \"l.f'ﬂtl'ﬂl Hll]t
surgical technique is most commonly performed (Section 7, Figure
7-11). The prognosis for return to normal funcrion with surgery is
usually good, but in large-breed dogs recovery may involve 4 to 8
weeks of intensive nursing care (see Secrtion 9, Table 9-2).

v" As discussed in Section 9, pneumonia can be a fatal complica-
tion, so dogs are turned and respiration and body temperature are
monitored. Turning reduces the chances of decubital ulcers. The
dog must be kept on a clean, padded surface. Dermaritis can occur
secondary to irritation from urine and contamination from feces, so
Cll‘]‘llnl"fn{fﬁﬁ 15 ES:iEﬂti':lI. Thi_' .I._'ll.lldd'ﬁ_'r Ehl?l.l].'l._:l I._"L‘ L"'HPTEEHL‘LI oLl
E‘Hl.‘ﬂf'i-."ii\-’ﬂ Lli?‘itﬂnril“‘l dt]‘ﬁ:ﬁ 1ot L:IHII'IHHL" l‘]"ll._‘ h]ildt]l‘fr 'H.-'El].].. M‘L'.Iﬁr I.J[T'g."i
“'ill \'I'E:'I'}.‘.'l:ﬂtl: rﬂ*]lfxi\-’ﬂlf. ITLIT Al ENCITiE Or HT';'H'.'.I']. :-'.uﬁ't:n{!r may I._TE
needed if they become constipared.

v Prophylactic fenestration of other cervical disks at the time of
surgery is usually performed in small breed dogs and may help to
prevent further recurrence of the disease at another site.

Caudal Cervical
Spondylomyelopathy
v Caudal cervical spondylomyelopathy (CCSM) is seen most

commonly in Great Danes and Doberman pinschers but can occur in
any large-breed dog. Because ataxia of all four limbs is often the initial



Hidden page



246

7, Figures 7-18 and 7-19). Pain is a primary feature of vertebral
neoplasia. Spinal cord compression or expansion secondary to
neoplasia can be seen on a myelogram with or without CT (Figure
10-4). Neoplasia may be extradural (in the epidural space),
t['ltl'ﬂdurﬂl."l_'}{.tl'i:'IITI.L'LIU“i:'l'l"r' {hul:w::w;:n thL‘ Hpiﬂ-ﬂl 'CI.'II'LI ilﬂti LILITEI}
(Figure 10-5), or intramedullary (within the spinal cord).

v Most spinal cord tumors are best evaluated with MRI. An
elevated protein level without leukocytic pleocytosis is most
frequently seen on CSF analysis. Occasionally, mild pleocytosis
occurs. Atypical lymphocytes may also occasionally be found in
the CSF in animals with spinal lymphoma, but other tumor cells
AlE TAare. I.TI SUMME CHsCSs, ﬂill]ri'.l."iﬂ:l'lp}"j_'.l_lil.,‘ll;‘.‘i..i I"tﬁ.'ﬂkilﬁ.‘ i;'l!"rl."ﬁil'i-'l:['i.li'ln l]'l"
the spinal mass may enable collection of tissue for cytologic
examination and identification of the neoplasm. The most
common types of spinal cord tumors are listed in Table 10-1.

Figure 10-4 Lateral myelo-
gram of a 7-year-old
Dalmatian with chronic pro-
gressive quadriparesis and a
nerve sheath tumor that has
compressed the spinal cord
at C7 (arrow).

Figure 10-5 Transverse sections of the spinal cord of the dog in Figure 10-4
obtained at recropsy showing growth of the nerve sheath tumor into the spinal
cord on cross-section.



Table 10-1
Common Tumors of the Spinal Cord
Extradural (often painful)

* ‘Vertebral neoplasia (primary and metastatic)

® Lymphosarcoma

Intradural extramedullary (often painful)

* Meningioma

® Neurofibroma

® Neurofibrosarcoma

® Schwannoma

Metastatic intramedullary (often nonpainful)
* Hemangiosarcoma

* Mammary gland adenocarcinoma

®* Lymphosarcoma

Primary intramedullary (often nonpainful)
® Ependymoma

®* Astrocytoma

® Ependymoma

™. Meningiomas and peripheral nerve sheath neoplasms are the
most common spinal cord tumors in dogs. Gliomas and ependy-
momas are the most frequent primary intramedullary spinal cord
tumors. Neoplasia, which metastasizes to the spinal canal or
spinal cord, includes hemangiosarcoma, adenocarconomas from
mammary and prostate glands and lymphoma. Lymphoma is the
most common spinal tumor of cats. Progressive painful para-
paresis is the most common clinical sign in cats, as there is a
predilection for the lymphoma to be localized in the thoracic
and lumbar vertebral canal (see Section 13).

¥ The appropriate therapy for spinal neoplasia depends on tumor
location, size, and histologic type. The immediate goal of therapy is
to relieve the deleterious effects of spinal cord compression,
which is achieved with corticosteroids and possibly decompressive
surgery. Pain is controlled as described in Section 7, Table 7-2.
Prednisone 0.25-1 mg/kg PO every 12 hours may improve quﬂdrir
paresis, but the disorder returns when prednisone is reduced or
discontinued. If an extradural or intradural-extramedullary neoplasm
is suspected, exploratory dorsal laminectomy or hemilaminectomy is
performed to remove as much of the tumor as possible and to collect
tissue samples for histologic identification of the tumor type.
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v Postoperative radiation therapy may reduce or delay re-growth
of neoplastic tissue in some dogs and cats with meningiomas. In
some cases of lymphoma, multiple myeloma, and other
neoplasms, chemotherapeutic and radiation protocols are
available. Dogs and cats with spinal neoplasia generally have a
poor long-term prognosis, but in some cases clinical signs can be
alleviared for a year or more.

Lysosomal Storage Disorders

v Lysosomal storage disorders result from congenirtal absence or
inactivity of a specific lysosomal enzyme. The substrate normally
metabolized by that enzyme accumulares within cells causing cell
dystunction and death. Clinical signs vary dur&:nding on the tvpe of
enzyvine deficiency. The types of lyvsosomal storage disorders that
cause progressive quadriparesis are listed in Section 2, Table 2-15.

Spinal Cord Cysts
and Syringomyelia

v Depending on their location, epidermoid dermoid and
arachnoid cysts may compress the spinal cord and cause progres-
sive quadriparesis or paraparesis in dogs and cats. Diagnosis and
treatment of spinal cord cysts are discussed in Section 13,

v Syringomyelia can cause progressive quadripanesis and is
discussed in Section 9.

Leukoencephalomyelopathy

v Progressive ataxia and quadriparesis, associated with areas of
demyelination in the spinal cord, brainstem, and cerebellum, are
seen in adule Rottweilers. This condition is known as leukoen-
cephalomyelopathy. CSF analysis, EMG, radiographs, and
myelography are normal. MRI may show lesions within the spinal
cord whire matter. There is no treatment. Quadriparesis progresses
over 6 to 12 months unrtil the dog is recumbent. The diagnosis is
usually confirmed on necropsy. An inherited cause is suspecred.

Neuromuscular Disorders
Hypothyroid Neuromyopathy

. Hypothyroid neuromyopathy can cause progressive quadri-
paresis, muscle atrophy, and depressed spinal reflexes in dogs.
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reflexes are often preserved, and polymyopathies may be difficule
to differentiate from spinal cord diseases on the neurologic exam-
ination. Distinguishing features may be conscious proprioceptive
deficits with some spinal cord lesions, and generalized muscle
pain or atrophy with some polymyopathies. If the spinal reflexes
are depressed, polymyopathy may be difficult to distinguish from
polyneuropathy. Some endocrine disorders, such as hypothy-
roidism, can cause polymyopathy concurrent with
polyneuropathy. Serum CK levels may be elevated or normal.
Fibrillation potentials, positive 5]1;1rp waves, and :.;ump|ux repeti-
tive discharges (bizarre high-frequency discharges) on the EMG
indicare neuromuscular disease. Histologic examination of a
muscle biopsy specimen confirms polymyopathy and may give
insight into the cause. The differential diagnosis, diagnosis, and
treatment of polymyopathies are discussed in Secrion 11.

Myasthenia Gravis

v Dogs and cats with myasthenia gravis can present with
chronic progressive quadriparesis, but episodic or exercise-
induced paraparesis and quadriparesis are more common. Spinal
rL"ﬂl.:KL‘H ':II'ILI L:'[‘.I'n."i-[:il'lllﬁ FI'['IPTH?CI..‘.FTH'JH dre l.l!"ul.l!;'l“"_r’ n{‘.n-rrn'ﬂ'.
Myasthenia gravis is discussed in Section 11.

Diabetic Polyneuropathy

#. Clinical and subclinical polyneuropathy occurs in dogs and
especially in cats with diaberes mellitus. The causes and mecha-
nisms of peripheral nerve degeneration remain controversial and
are probably multifactorial. Pathologic findings include active
axonal degeneration and regeneration and demyelination and
remyelination. Progressive paraparesis and guadriparesis with
proprioceptive deficits, muscle atrophy, and depressed spinal
reflexes may be seen. Cats often assume a plantigrade posture in
the pelvic limbs. Animals may have hyperesthesia. Diagnosis of
diabetes mellitus is based on the finding of persistent hyper-
glycemia with glycosuria. EMG abnormalities consisting of
diffuse fibrillation pnte;-ntiuh-'.., positive !-'.h;lrp Waves, c;rmplex
repetitive discharges, slowed motor nerve conduction velocities,
or abnormal F-waves support the diagnosis of polyneuropathy.

¥ Partial or full recovery can occur within 6 to 12 months
through adequate control of diabetes with insulin therapy. Some
cats may remain hyperesthetic and resist being handled. Antioxidant
therapy with oral vitamin E 10 to 25 IU/kg once daily and vitamin
C 15 mg/kg may protect the peripheral nerves from further damage
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distal axonopathies, or dying-back neuropathies, and are associated
with abnormal axonal transport. Organophosphate and carbamate

intoxication may produce neuromuscular weakness and tremors in

dogs and cats without signs of salivation, diarrhea, or miosis. These
intoxications are discussed in Sections 4 and 11. Dogs appear to be
relatively resistant to delayed organophosphate intoxication.

v Polyneuropathy may occur in dogs receiving vincristine sulfate
(Oncovin, Lilly). The neuropathy usually improves after the drug is
discontinued. As chemotherapeutic treatment of various rumors
becomes more commonplace, toxic polyneuropachies are likely to
be recognized more frequently. When in doubr about whether a
substance has caused intoxication, contact the ASPCA National
Animal Poison Control Center (888-426-4433) or another poison

control cenrer.

Table 10-2
Chemicals That Cause Polyneuropathies
HEAVY METALS

Lead, mercury, thallium, copper, zinc, and antimony
INDUSTRIAL COMPOUNDS

Trichlorethylene, N-hexane, acrylamide, malathion, carbon disulfide, methyl bromide,
lindane, carbon tetrachloride, gasoline, methyl butyl ketone, zinc pyridinethione
Druas

Cliogquinol, diphenylhydantoin, disulfiram, isoniazid, nitrofurantoin, thalidomide,
vincristine, vinblastine, ampicillin, erythromycin, and tetracycline

Congenital or Hereditary
Polyneuropathies

v Congenital and hereditary polyneuropathies are progressive,
breed-specific diseases that affect young cats and dogs. Affected
animals may initially appear paraparetic, but quadriparesis with
generalized muscle atrophy eventually becomes apparent. There
is no treatment. Some polyneuropathies progress rapidly, and
affected animals are often euthanized. Others polyneuropathies
slowly progress over years or stabilize so affected animals may
have a reasonable quality of life. Diagnosis is based on the breed,
history, and clinical signs and findings on the EMG and histo-
logic examination of a nerve or muscle biopsy. The breeds
affected and key features of specific congenital or hereditary
polyneuropathies are outlined in Table 10-3.
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Section ]. 1

Episodic and
Exercise-induced
Weakness

" Ditfuse peripheral nerves;
neuromuscular junction
or muscles
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Figure 11-2 Exercise-induced weakness is often associated with a generalized
neuromuscular lesion (dots indicate lesion localization; dots are on nerve roots
diffusely not on the spinal cord itself).

Differential Diagnosis

Systemic Disorders

v Cardiopulmonary disease—common in dogs and cats
v' Anemia—common in dogs and cars

v Renal failure—common in dogs and carts

v' Hypoadrenocorticism—common in dogs

v Hypoglycemia—common in dogs, occasional in cats

Neuromuscular Disorders

v latrogenic corricosteroid polymyopathy—common in dogs,
occasional in cars

v Polymyositis—occasional in dogs and cats

v Mpyasthenia gravis—occasional in dogs and cats
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v Hypokalemic polymyopathy—occasional in cars, rare in dogs

v Subacute organophosphate intoxication—occasional in dogs
and cars

v" Hyperadrenocorticism polymyopathy—occasional in dogs and rare
in cats

v Hypoadrenocorticism polymyopathy—aoccasional in dogs

v" Hypothyroid neuromyopathy—aoccasional in dogs

v' Hyperthyroid neuromyopathy—occasional in cats

v Episodic intermittent collapse of Labrador retrievers—rare
breed-specific

v Congenital and inherited polymyopathy—rare in dogs and cats

v Lipid storage myopathy—rare in dogs and carts
v Mitochondrial myoparthy—rare in dogs and cats

rare in dogs and carts

v Nutritional polymvopathy
v" Paraneoplastic polymyopathy—rare in dogs and cats

v Polyneuropathies—usually cause acute or chronic quadriparesis
(see Sections 9 and 10)

Brainstem Disorders

v' Cataplexy—rare in dogs and cars

Differential Diagnosis
of Ventral Neck Flexion
in Cats

v~ Hypokalemic polymyoparhy—occasional

v Subacute organophosphate intoxication—occasional
v Mpyasthenia gravis—occasional

v Hyperthyroid neuromyopathy—occasional

v Polymyositis—occasional

v Thiamine deficiency—rare
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Diagnostic Evaluation

Important Historical Questions

* Does the problem worsen with exercise, or do episodes of col-
lapse occur spontaneously!

® |s the problem associated with the environmental remperarure!
* Frequency of occurrence!

* (Onset, progression, and duration of signs!

e Regurgitation or vomiting!?

* Coughing, increased respiration, or dyspnea!

® Polyuria or polydipsia?

e Anorexia or polyphagia?

* Depression or other signs of illness?

e Dier!

* Exposure to toxins?

® Problems in littermates or other relatives?

* Muscle or other pain?

* Past or present neoplasia?

*Recent or current use of corticosteroids, over-the counrter drugs,
herbal preparations, nutriceuticals, or other medications?

Physical Examination

v Examine the mucous membranes for pallor or cyvanosis.
¢ Evaluate the strength of the pulse.

v Auscultate the heart to derect cardiac murmurs or arthythmias
and evidence of abnormal lung sounds.

v Examine the skin for hair loss or dermatitis, which might be
associated with dermaromyositis, hypothyroidism,
or hyperadrenocorticism.

v Moniror for fever, which may be present with systemic disease
or during an episode in exercise-intolerant Labrador retrievers.

v Examine for other evidence of systemic disease or neoplasia.

v Determine if muscle atrophy, pain, or cramping is present.
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Neurologic Examination

The neurologic examination can be normal between episodes or
may have one or more of the following signs:

v Paraparesis or quadriparesis, which worsens with exercise.
v Ventroflexion of the neck or inability to lift the head due to
neck weakness; this is common in cats with neuromuscular
disorders.

v Muscle cramping or pain.

v Sustained muscle contracrion; this is seen as a dimple when
the muscle is tapped with the percussion hammer in myotonic
myopathies.

v~ Moderate to severe muscle atrophy in all limbs.

J REE.}I.H._.-E-L.‘I rnu:-‘.{,:h;' Tone 1N Hll f{‘.lur Iil'l'l.hf‘i.

v Normal-to-decreased spinal reflexes in the thoracic and
pelvic limbs.

v If there is a concurrent neuropathy, conscious proprioceptive
deficits may be present in the pelvic limbs or all four limbs.

Applicable Diagnostic Tests

v A n:nmplen;- blood count (CBC), serum chemistry profile, and
urinalysis can be useful to detect anemia, hypokalemia, hypo-
glycemia, renal or bladder disease, and other systemic disorders
and as part of the preanesthertic evaluation.

v' Serum creatine kinase (CK) levels may be elevated in some
cases of polymyopathy.

v Serum antinuclear antibody (ANA) may be positive in some
animals with immune-mediared polymyositis.

¢ Serum acetylcholine receptor (AchR) antibody levels are
usually elevared in cases of myasthenia gravis.

{ ﬁerl]m Ehl]l'i.nl_“ﬂrﬂr'ﬂﬁu I.'L""L'L"IH AT u:-:l.l'ﬂ"}’ l’-ﬁ."-L'IUl.:U‘d in :1[’11111':[':—;
with organophosphate intoxicarion.

v' Thoracic and abdominal radiographs and abdominal ulrra-
sonography are indicated if neoplasia is suspected or if
abnormalities are found on the physical examination.
Megaesophagus and aspiration pneumonia may be seen.

v  Electrocardiography (ECG) and echocardiography may be
abnormal in cardiac diseases.

v A tensilon test (IV edrophonium chloride) usually results in a
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chemistry profile will detect anemia, renal failure, electrolyte
abnormalities, and hyvpoglycemia, which may be causing episodic
or exercise-induced weakness. Abdominal radiography and ultra-
sonography may be helpful ro further characrerize these discases.
An ACTH stimulation test, dexamethasone-suppression test,
urine cortisol-creatinine ratio, and serum endogenous ACTH
should be considered in suspected cases of hypoadrenocorticism
and hyperadrenocorticism.

Neuromuscular Disorders

latrogenic Corticosteroid
Myopathy

¥ Dogs treated with long-term corticosteroid therapy for a
variety of chronic diseases commonly develop a myopathy char-
acterized by potentially profound weakness and muscle atrophy.
Classic signs of hyperadrenocorticism, such as thinning of the
hair coat and skin and a pendulous abdomen, often accompany
the myopathy. Dogs thar have had fewer than 4 weeks of corti-
costeroid administration rarely develop a clinically significant
disorder. Myopathy is more common after administration of the
fluorinared corticosteroids, such as rriamcinolone, betamertha-
SONEE :-i.n.d {_‘IEKH[nﬂth:-lH(]nﬂ.

v" The EMG may be normal, but the diagnosis is usually made
on histologic examination of a muscle biopsy. The treatment of
choice is to reduce or discontinue the corticosteroids.
Improvement usually follows bur can rake many weeks to
months. Because of the catabolic effect of corticosteroids, opri-
mizing nurritional starus is important. Protein supplementation is
recommended. Inactivity worsens myoparthy, and exercise may
prevent the development of weakness. Physical therapy, such as
swimming, whirlpool therapy, and massage, may be useful to
prl:\-'(:nl: Elnd trcat |.T1L|5L'I.l.: “’ﬂ':]knl_‘:i:i ':II-ILI WHEting in P:-lti.(_'ntﬁ
receiving corticosteroids.

Polymyositis

¥ Polymyositis, a generalized inflammatory process of the muscles,
may be inherited or acquired. The acquired form is associated
with immune-mediated, infecrious, pﬂranenphmric, or
idiopathic processes in dogs and cars. An aurosomal dominant
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(Cyroxan, Bristol Myers Squibbh) 1 to 2 mg/kg PO is adminis-
tered once daily for 4 days, discontinued for 3 days, then given
for 4 days in a repearting cycle and discontinued when remission
is achieved, after 4 months of therapy, or if hemorrhagic cystitis
occurs. Although it may take longer to become effective, another
alternative for dogs is azathioprine (Imuran, Glaxo Wellcome) 2
mg/kg/day PO given until improvement is seen and then reduced
to every other day indefinitely. Hemograms and platelet numbers
should be closely monitored. Because hepatoxicity can occur
with azathioprine, serum chemistry profiles and bile acids should
also be monitored. Most animals respond well to therapy, but
chronic immunosuppression may be necessary as recurrence is
common. Megaesophagus with aspiration pneumonia can compli-
cate the treatment. If an underlying neoplastic process is derected
and corrected, polymyositis should resolve. Routine vaccination
can cause a relapse of immune-mediated polymyositis.

Myasthenia Gravis

v Mpyasthenia gravis commonly presents as episodic or exercise-
induced weakness due to impaired transmission of acetylcholine
(ACh) at the neuromuscular juncrions of skeletal muscles. Other
clinical presentations of myasthenia gravis include dysphagia,
laryngeal paresis, regurgitation (Section 6), paraparesis, and
quadriparesis. Myasthenia gravis may be congenital or acquired
and associated with an immune-mediated or paraneoplastic
process. Congenital myasthenia gravis occurs in Jack Russell
terriers, smooth fox terriers, Samoyeds, and various breeds of
cats. Acquired myasthenia gravis may occur in some cats 2 to 4
months following initiation of methimazole (Tapazole, Jones
Medical Industries) therapy for hyperthyroidism. Weakness
resolves after the drug is discontinued.

v In immune-mediated myasthenia gravis, antibodies are formed
against the ACh receptor of skeleral muscles, and these anti-
bodies interfere with normal muscle contraction. Affected
animals progressively develop a shortened stride with exercise,
which eventually becomes toral farigue and inability to walk.
Strength returns with brief rest, and they are again able to
ambulate for short distances. The palpebral reflex becomes
fatigued with repeated testing, and sometimes facial nerve paresis
is present. Despite profound weakness, conscious proprioception
and spinal reflexes are usually normal. Megaesophagus and
dysphagia are common in dogs and can result in excessive saliva-
tion, regurgitation, aspiration pneumonia, and death.
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v Intravenous administration of the short-acring anri-
cholinesterase edrophonium chloride (Tensilon, ICN) 1 to 5 mg
in dogs and 0.2 to 1 mg in cats may dramartically improve
strength during an episode of collapse. If higher doses are given,
a cholinergic crisis of bradycardia, profuse salivation, dyspnea,
cyanosis, and limb tremors may result, and this can be reversed
with atropine 0.05 mg/kg IV. Improvement with edrophonium
chloride does not necessarily rule myasthenia gravis in or out, as
other causes of weakness, like polymyosiris, commonly improve
with edrophonium chloride. A definirive diagnosis can be made
with serologic testing documenting elevated AchR antibodies.
As some cases may be falsely seronegarive, re-testing is important
in all weak animals suspected to have myasthenia gravis. The
severity of clinical signs may not correspond with the degree of
elevation of ACh recepror antibody titers.

v Megaesophagus and aspiration pneumonia may be seen on
thoracic radiographs (Figure 11-3). In paraneoplastic myasthenia
gravis, thymoma may be seen as a cranial mediastinal mass on
thoracic radiographs. A thorough physical and radiographic
workup, including abdominal ultrasonography should be
performed to search for neoplasia. Some dogs with myasthenia
gravis have concurrent hypothyroidism, and weakness does not
improve until both disorders are treated. In hypothyroidism,
serum total T4 or free T4 levels are usually reduced and TSH
levels are usually elevated. Myasthenia gravis and polymyositis
['["Ii:]‘:,-" :-!.I.-."i-'l'.]' ECuUr tllg{:thl_"l', :-l'l'ld SCTULT ':.:I{ IL‘\"EI.H- L=y I"l'i,". EIE\-’E]['L!I..‘I..
EMG is often normal except for a decremental evoked muscle
response on repetitive nerve stimulation of 3/second,

¥ lnitial therapy usually consists of pyridostigmine bromide
(Mestinon, ICN) 0.5-3 mg/kg PO every 8 to 12 hours with
food. A liquid formulartion of pyridostigmine bromide is recom-
mended so that the dose can be easily adjusted to the level
needed ro control clinical signs. Wirh high doses, weakness may
occur as a resulrt of a cholinergic crisis; thus, a low dose of pyri-
dostigmine is initially given then slowly increased unrtil weakness
resolves. Famoridine (Pepcid AC, Merck) 0.5-1 mg/kg every 12
hours PO may reduce the nausea and gastrointestinal irritation
from the pyridostigmine bromide.

¥ Concurrent hypothyroidism is treated with levothyroxine
sodium (Soloxine, Daniels) 0.02 mg/kg PO every 12 hours.
After 4 weeks of therapy, a serum total T4 is obtained and the
dosage adjusted unril the total serum T4 is maintained within
the normal range. Surgical remowval of the thymoma or other



neoplasm is necessary to achieve remission in cases of paraneo-
plastic myasthenia gravis. Concurrent immune-mediated
polymyositis must also be treated as described above to resolve
the weakness.

W If response to the pyridostigmine bromide is limited and aspi-
ration pneumonia is not present, prednisone 0.25-1 mg/kg PO
every 12 hours may be given. In a few cases, weakness may
worsen temporarily when prednisone therapy is inriared.
Prolonged prednisone therapy is avoided because iatrogenic
corticosteroid-induced myopathy may cause further weakness, If
clinical signs improve, alternate-day prednisone therapy art the
lowest effective dose is administered. If there is no response to
prednisone alone, azathioprine (Imuran, Glaxo Smith Kline) 2
mgfkg PO once daily may be given until improvement is seen as
described above for polymyositis. Aspiration pneumonia must be
treated aggressively with antibiotics as it can be life-threatening.
Aminoglvcoside antibiotics, ampicillin, and other drugs thar
might further reduce neuromuscular transmission are avoided.

v Most dogs have megaesophagus and ro avoid regurgitation
should be fed small amounts of moist food made into small balls
two or three times daily from an elevated surface. The dog is
then held vertically (i.e., with the front feet on a chair and the
back feet on the floor) for 10 to 15 minutes after eating to assist
the movement of food into the stomach. Small amounts of water
are offered ofren, and the dog must drink with the head elevared.
When regurgitation is severe, gastrostomy tube feeding may be
necessary to maintain nutrition, ensure the adminiscration of
pyridostigmine therapy, and avoid aspiration pneumonia.

v’ Serial monitoring of AchR antibody levels on a bimonthly
then monrhly basis can help track the disease progress. The
prognosis varies. Most animals respond well to therapy, others
have no response, and still others have recurrent bouts of aspira-
tion pneumonia that necessitate intensive therapyv. Animals that
have little response to routine therapy should have serial evalua-
tions for an underlying neoplastic process. Spontaneous
remission can occur within 3 to 12 months in animals with
immune-mediated myasthenia gravis. As clinical signs improve,
pyridostigmine bromide doses are reduced and rtherapy is discon-
tinued when remission occurs. Although megaesophagus can be
permanent, regurgitation improves with remission. Recurrences
can be seen. Routine vaccination may cause a relapse of
immune-mediated myasthenia gravis.
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Hypokalemic Polymyopathy

¥ Hypokalemia in cats may cause acute onset of generalized
weakness, persistent ventral flexion of the neck, and occasionally
muscle pain (Figure 11-1). Conscious proprioception and spinal
reflexes are normal. These signs are rare in dogs. The serum
potassium level is ofren 1.5-3.5 mEg/L (normal, 4-5 mEqg/L).
Serum CK is often 500 ro 10,000 U/L (normal, 250 U/L). Chronic
renal failure with a loss of potassium in the urine is a common
cause of hypokalemia in cats, and serum blood urea nirrogen
(BUN) and creatinine levels are elevared. Animals consuming
diets containing less than 0.6% potassium or acidifying high-
protein diets may develop hypokalemic polymyopathy. Other
condirions that may result in hypokalemia include hyperthy-
roidism, diureric therapy, anorexia, chronic vomiting or diarrhea,
and hepatic disease. A suspecred inherited hypokalemia may occur
in Burmese cats from 2 to 6 months of age.

v EMG may be normal or have areas of positive waves and
fibrillation potentials. Histologic examination of muscle biopsies
may be normal or show muscle fiber necrosis with little or no
evidence of inflammation.

¥ Potassium gluconate (Tumil K, Daniels) 2—4 mEq PO every 12
hours may be used in all animals. The dosage is adjusted unrtil serum
potassium levels are normal. In cats with renal dysfunction, oral
supplementation must be conrinued, but in others a diet with greater
than 0.6% potassium is enough. Severely hypokalemic cars may die of
respiratory paralysis and can be cautiously treared with potassium
chloride 0.2-0.4 mEg/kg/hour IV diluted in intravenous fluids with
constant cardiac monitoring and evaluation of serum potassium every
4 hours until the potassium level reaches 3.5 mEqg/L. Ventilatory
support may be necessary.

v Serum CK and potassium levels may be monitored, and both
should return to normal as the cat clinically improves. Serum
BUN and creatinine levels often return to normal as porassium
levels retrurn to normal in cats with renal disease. Regular moni-
toring of serum porassium levels is imporrant for long-term
management. | he prognosis for resolurion of weakness is good.

Subacute Organophosphate
Intoxication

¥ A common cause of persistent ventral flexion of the neck and
t:‘.‘ﬂ:l'::i&:l‘-—it‘lducud “'CUI{I_I'L"HH 1IN cats :-'l]'I.L'I H’Enﬂrﬂhzﬂd “’EHI![I"I.ESH in I"l(_'!th
dogs and cats is subacute organophosphate intoxicarion.



Chlorpyrofos is a typical organophosphate that causes subacure
organophosphare intoxication 7 ro 10 days after exposure. The
acute signs of miosis, salivation, and tremors are often absent in
these cases. Nonpainful neuromuscular weakness with ventral
flexion of the neck may be the only presenting sign in cats.
Conscious proprioception and spinal reflexes are normal. A history
('.I'I'- l'uxi:: cxXpPosUre H'I'I.I._‘l. | ].('.IW SCTLUITL ﬂh[]linEHrE‘TﬂHﬁ I.E"'r'E‘I ."]-I.IFFI.'I]": [hE‘
diagnosis. Cats with serum cholinesterase levels below 500 IU
(normal, 900 to 1200 IU) have neurologic signs. Administration of
diphenhydramine (Benadryl, Parke-Davis) 4 mg/kg PO every 8
hours may significantly improve the weakness. Most cats return
to normal in 3 to 6 weeks. Cholinesterase levels may be monitored
and will increase slowly as the clinical signs improve.

Other Intoxications

J SI'I'ITIL' L:IFLIEH Elﬂl.] c]‘u:rni-::ul:-: Are toxic E] I.'hll" nl.!ur('lml.l.‘i(:l.ll.:-i'l'
system and cause acute weakness. The possibility of exposure to
prescription and over-the-counter medicarions and roxic chemicals
and plants should be discussed with the owner. When in doubt
abour whether a substance can cause intoxication, the ASPCA

Marional Animal Poison Control Center (888-426-4435), or any
l}thﬂr pui.‘-‘n’.‘}n l:[]nrf{'}l Center can hl.! 'L_.l'.ln."]l.l]tﬂt.].

Hyperadrenocorticism (Cushing’s
Myopathy)

¥ The prevalence of subclinical myopathy in hyperadrenocorti-
cism (Cushing’s disease) in dogs may be high. A distinct
myopathy has not been reporred in cars with hyperadrenocorri-
cism, but muscle wasting can be a prominent finding. Clinical
manifestations are similar to those of exogenous corticosteroid
myopathy with muscle atrophy and weakness. Unilateral or
bilateral pelvic limb stiffness from muscle fibrosis may occur
initially, and rhe thoracic limbs may become involved over time,
Severe pelvic limb rigidiry with myotonia can occur in some dogs
with chronic myopathy. Serum CK may be elevarted in some
dogs. Trains of positive waves and complex reperitive discharges
may be observed on EMG. Histologic examination of a muscle
biopsy shows muscle fiber necrosis and fibrosis. If clinical signs
are mild, some dogs improve over a period of several months if
the disease is effectively treated. Improvement in motor funcrion
appears to be inversely related to the durarion of disease prior to
therapy, and some defticits ofrten persist.
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Hypoadrenocorticism

v" Muscle weakness and exercise intolerance occur frequently in
association with hypoadrenocorticism (Addison’s disease) in dogs.
Adrenal insufficiency impairs muscle carbohydrare metabolism,
water and electrolyte balance, muscle blood flow, and adrenergic
sensitivity, all of which are factors that contribute to the myopathy
associated with Addison's disecase. Weakness is usually generalized
and mav involve the pharvngeal or esophageal musculature as well.
Serum CEK, EMG, and muscle biopsy may be normal. Correcrion of
the electrolyte imbalance and glucocorticoid deficiency usually
eliminates the clinical weakness.

Hypothyroid Neuromyopathy

v" Hypothyroidism can cause muscle weakness due to neuromy-
opathy in dogs. The classic clinical signs of hypothyroidism,
including lethargy, weight gain, seborrhea, and hair loss are not
always obvious. Clinical signs suggestive of neuromuscular dysfunc-
tion in hypothyroid dogs include weakness, stiffness, muscle pain,
reluctance to move, and muscle wasting. If both peripheral nerves
and muscles are affected, then conscious proprioceptive deficits,
depressed spinal reflexes, and cranial nerve deficits may be found.
Microcyric anemia and elevated cholesterol may be found on the
CBC and chemistry profile, respectively. Serum CK levels can be
elevared bur may also be normal. The diagnosis is confirmed when
serum total T4 and free T4 levels are reduced and serum TSH
levels are elevared. Muscle biopsy sections show atrophy of the type
I muscle fibers. Levothyroxine sodium (Soloxine, Daniels
Pharmaceuticals) 0.02 mg/kg PO every 12 hours is given. After 4
weeks of therapy, serum T4 levels are rechecked and the dosage is
adjusted until T4 levels are maintained within the normal range.
Weakness usually responds to treatment within 3 months.

Hyperthyroid Neuromyopathy

v A few cars with hyperthyroidism may be weak and an even
fewer will have ventral flexion of the neck. Owners will report a
decreased ability to jump and fatigue associated with physical
exertion such that cars may lie down or rest when moving from
one place to another. Serum toral T4 levels are usually elevated.
Treatment of hyperthyroidism in cats may involve administration of
radioactive iodine, oral methimazole (Tapazole, Lilly), or thyroidec-
tomy. There are risks and benefits associated with each type of
therapy, which are beyond the scope of this book. The weakness
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Paraneoplastic Polymyopathy

v' In confirmed cases of polymyositis of unknown origin, the possi-
bility of an underlying neoplastic disorder should be considered. A
thorough examination for neoplasia should be done whenever
neuromyopathy of unknown origin is diagnosed. The myopathy
often improves with trearment of the neoplastic process

Thiamine Deficiency

v/ Because of routine feeding of well-balanced pet foods,
thiamine {(vitamin Bl) deficiency rarely occurs. Thiamine defi-
ciency may initially manifest as ventral neck flexion in cars, but
it rapidly progresses to cause dementia, stupor, or seizures. This

disorder is discussed in Section 2.

Brainstem Disorders
Cataplexy

Cataplexy is sudden loss of muscle tone with excitement or
exercise and is associated with narcolepsy. The weakness may
only involve the pelvic limbs, and the animal may not fall
asleep. A discussion of the diagnosis and treatment of narcolepsy
and cataplexy is found in Section 16.
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Fenestration: a surgical procedure to remove the nucleus pulposus of
the intervertebral disk to prevent future extrusions.

MNeuromuscular disorder: disease of the peripheral nerves (LMN),
neuromuscular juncrions, and muscles.

Decubital ulcer: a deep wound with sloughing skin and muscle;

occurs over bony prominences due to constant pressure from lying in
one position too long; the bone is often exposed.

Lesion Localization

v The location of lesions that cause acute paraparesis or para-
plegia are shown in Figure 12-2. These lesions are usually found
in the:

e Neuromuscular system—Dbilateral lumbosacral nerves
and muscles of the pelvic limbs

® T3-L3 spinal cord segments

® [4.S2 spinal cord segments or nerve roots

Figure 12-2 Acute paraparesis or paraplegia is associated with a lesion in the
spinal cord or nerves below T3 (dots indicate lesion localization).
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v Bladder difficult to express initially then wirhin 10 days reflex
urination may begin with frequent spastic expulsion of small
amounts of urine

v Reduced or absent cutaneous trunci response at the site of the
lesion and caudally

v Reduced or absent superficial pain sensation at the site of the
lesion and caudally

v Pain ar the site of the lesion

L4-S2 Spinal Cord Segments or
Nerve Roots (LMN lesion) and
Lumbosacral Neuromuscular
Lesions

One or more of the following signs are usually present:

v Paresis or paralysis of the pelvic limbs

v Decreased or absent conscious proprioception in the pelvic limbs
v" Decreased or absent patellar reflex (L4-5)

v’ Decreased or absent cranial ribial, gastrocnemius, sciatic, and

flexor reflexes (L6-52)
v Decreased or absent anal reflex (S1-3)

v Constant or frequent dribbling of urine from a distended
bladder that is easy to express (51-3) in dogs; may be difficule to
exXpress in cats

v Decreased or absent muscle rone in the pelvic limbs
v" Pain at the site of the lesion

v Cutaneous trunci response is usually normal

Differential Diagnosis

v’ Aortic thromboembolism—common in carts, rare in dogs

v Degenerative intervertebral disc disease (IVDD)—common in
dogs, rare in cats

v Spinal cord trauma—common in dogs and cars

v Fibrocarrilaginous embolism—common in dogs, rare in cats
v" Meningomyelitis—occasional in dogs and cars

v Neoplasia—occasional in dogs and cats
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Diagnostic Evaluation

Important Historical Questions

* Acute onset over 24 to 72 hours!
* Progressive or nonprogressive!

® Possibility of recent trauma? (If so, obrain vertebral
radiographs before proceeding further.)

® [5 the animal in pain?

e Difficulty jumping or going up or down stairs?

® Have there been past episodes of paraparesis!

e Past or present neoplasia?

® s urinary or fecal incontinence present!

e Can the animal urinare volunrarily?

e Anvy difficulty breathing, depression, anorexia, or other signs
of systemic illness!

e Any recent or current medication?

e Effectiveness of attempted therapies?

Physical and Neurologic
Examinations

v Ausculrate the chest for evidence of cardiopulmonary disease
and other systemic disease

v" Examine hind limb pulses and perfusion

v Localize the lesion to either T3-L3, L4-5S2, or

lumbosacral neuromuscular

v Determine the severity of signs—ataxia, paresis, paralysis, loss
of deep pain (Table 12-1)

v Determine if painful and location

v 1If urinary incontinence is present, determine whether the
bladder is easy or difficulr to express

Applicable Diagnostic Tests

v" A complere blood count, serum chemistry profile, and urinalysis
are performed to detect systemic illness and as part of the preanes-
thetic evaluation.

v Thoracic and abdominal radiographs and abdominal ultrasonog-
raphy are indicated if neoplasia is suspected or abnormalities are
found on the physical examination.
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¢ Computed tomography (CT) and magnetic resonance
imaging (MRI1) can be usetul to evaluate INDD, fibrocarei-
laginous embolism, and an inflammatory focus or neoplasm of
the spinal cord.
® Surgical exploration of the spinal canal can enable removal
or biopsy of masses for histologic examination.
v Serum and CSF immunoassays for infections diseases are
indicared if CSF analysis shows evidence of inflammation.

Neuromuscular Disorders

Aortic Thromboembolism

¥ Thromboembolism of the aorta or iliac arteries (saddle
thrombus) occurs commonly in cats and rarely in dogs. In carts, it
is often associated with hypertrophic cardiomyopathy. A large
thromboembolus can lodge in the caudal aorra or the iliac
arteries and cause pelvic limb pain, symmetric or asymmetric
paraparesis, or paraplegia from ischemia of the peripheral nerves
and muscles. Femoral pulses are often absent, and reduced blood
flow to the pelvic limbs is often found using a Doppler-tlow
sensing device placed on the dorsomedial metatarsal region. The
footpads may be cyanotic, and distal limbs usually feel cool. The
pelvic limb muscles, particularly the gastrocnemius muscles, are
often firm and painful. Spinal reflexes and deep pain are usually
absent, Affected cats often have a murmur or gallop rhythm on
auscultation of the heart.

v' Cardiac enlargement and pulmonary edema may be seen on
thoracic radiographs. Echocardiography usually shows evidence
of cardiac disease, and thrombi may be visualized in the left
atrium. Ultrasonography of the distal aorta and iliac arteries may
allow visualization of the thrombus., Coagulation tesrs, such as
ACT, PT, and PPT may be indicated for animals with no
evidence of cardiac disease.

v Therapy involves addressing the underlying disease process and
rrying to prevent further nerve and muscle damage. Aspirin,
warfarin, and heparin have been used to reduce the chances of
further thromboembolism, bur therapy must be closely monitored
to reduce the possibility of undesirable side effects. Streprokinase
and tissue-type plasminogen acrivator have been given to try to
reduce the size of the thrombus but have had variable results, and



cause hemorrhage and other adverse effects. Pain is controlled as
outlined in Secrion 7, Table 7-2. Treatment protocols are
complex and change constantly. Consultation with a specialist is
recommended. Some cats can re-canalize the thrombus and
regain some pelvic limb funcrion. The long-term prnnj;nﬂ-si& is
often poor because of the severity of the underlying disease
process and the likelihood of recurrence.

Spinal Cord Disorders

Degenerative Intervertebral
Disk Disease

¥ Hansen Type 1 IVDD is the most common cause of acute para-
paresis and paraplegia of dogs. As discussed in Secrion 7, in T}rpu |
VDD, the nucleus pulposus ruptures through the anulus fibrosus,
causing contusion and compression of the spinal cord (Section 7,
Figure 7-4). A disk rarely extrudes into the spinal canal berween
T2-T10 because of the presence of the conjugal {(intercapital)
ligament, which rraverses the space between the ribs immediately
dorsal to the disk. Because the size of the lumbar vertebral canal is
small compared with that of the spinal cord, there is little room for
extruded disk material withourt significant spinal cord compression.
In addition, because the spinal cord is shorter than the vertebral
column in dogs and spinal cord segments L4-Cd5 are located
within the L4-L7 vertebral canal, several spinal cord segments and
nerve roots can be compressed by a single disk (Section 1, Figure 1-
2). The mobility of the thoracolumbar junction resulrs in a high
incidence of IVDD in this region. Jumping off the couch or similar
sharp moves of the vertebral column can cause the disk to extrude
with a force thar can render the dog paralyzed for life. As a resulr,
thoracolumbar disk extrusion causes more extensive spinal cord
injury than cervical disk extrusion (Secrion 9).

¥ Dachshunds, Pekingese, Lhasa apsos, beagles, cocker spaniels,
Shih Tzus, and many other small-breed dogs and some large-
I."?I'L"‘L“l]. L]{}HH dare at Ti..'-i-k fl.'l'l' dacute Fi-ir';lpi-lr(:.‘ﬁi."i- i-'l'l'“.]. FE]I’HPIEHiE] f_rurn
acute Type I IVDD. The incidence in Dachshunds exceeds that
of other dogs. Acute IVDD is rare in cats unless it is associated
with trauma. Severity of the spinal cord injury can be evaluared
as outlined in Table 12-1. The extruded disk is usually on the
side of the most affected pelvic limb if asymmetric paresis is
present. If paraplegia with or without deep pain is found, there is
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Table 12-3
Medical Management of Paraparetic Dogs Not Having Surgery
® Strict crate confinement for 4 weeks (activity is limited to short leash
walks with a harness for urinating and defecating). No walking around the house.
If possible, the animal is gently carried,

® Oral prednisone 0.25-1 mg/kg every 12 hours with tapered
doses over 7-14 days is given to reduce spinal cord swelling from compres-
sion. If the animal improves then relapses as the dose is reduced, increase pred-
nisone dose again and recommend surgery.

®* Famotidine (Pepcid AC, Merck) 0.5-1 mg/kg PO every 12-24 hours,
cimetidine (Tagamet, SmithKline Beecham) 5-10 mg/kg PO every 12
hours, or misoprostol (Cytotec, Searyl) 1-2 pg/kg PO every B hours or
another gastointestinal (Gl) protectant drug must be given to reduce Gl ulceration
when the prednisone dose is high.

® Oral diazepam 0.5-2 mg/kg every 6-8 hours as needed (not to
exceed 10 mg every 6 hours) may help relieve painful muscle spasms.

®* If pain is severe, see Section 7, Table 7-2.

Table 12-4
Nursing Care and Physical Therapy for Paraplegic Dogs
® Keep on a clean, padded surface and turn to the opposite side every & hours to
avoid decubital ulcers.

®* Monitor for fever twice daily for 1 week after surgery.
® Express bladder every 6-8 hours if unable to urinate, and monitor the urine for blood.
* Assist in defecation if needed.

® Keep skin dry and free of urine and feces (apply water-repellent ointment to
perineal and caudal abdominal areas).

® Feed a well-balanced diet, and have water readily available.
® Ensure strict rest for 4 weeks if surgery is not performed.

® Massage and perform passive range-of-motion exercise of the pelvic limbs for
15 minutes 3-4 times a day until able to walk.

* Whirlpool baths and swimming can begin 5-7 days after surgery but should not
be done for 4 weeks if surgery is not performed or for 6 weeks if a vertebral frac-
ture has been repaired.

®* Assist attempts to stand and support weight 3-4 times a day.

® 5ling walks can begin when some movement returns but not for 4 weeks if
surgery is not performed or for & weeks if a vertebral fracture has been repaired.
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Warning: Prednisone therapy often causes polyuria/polydipsia, polyphagia,
and panting. Give extra water, and feed normal amounts of a high-quality,
low-calorie diet, as paraplegic dogs have reduced activity. Long-term corticos-
teroid therapy can cause gastrointestinal ulcers, hepatopathy, and myopathy.

¥ The goal of surgery is to decompress the spinal cord and remove
extruded disk material. The type of surgery performed is usually
determined by the location of the extruded disk. Hemilaminectomy
is performed for T10-L.4 extrusions (Figure 12-6); dorsal laminec-
tomy is performed for extrusions caudal to L4 because the ilia
prevent a dorsolateral approach (Figure 12-7).

N
tT)

Figure 12-6 (above)

The hemilaminectomy surgical technigque.
Removal of the dorsolateral vertebral
lamina to expose the spinal cord and
interverbral disc space on one side.

Figure 12-7 (right)

The dorsal laminectomy surgical technique.
Removal of the dorsal vertebral lamina to expose
the top of the spinal cord.



v If the animals' response to deep pain is absent, durotomy may be
performed to visualize the spinal cord parenchyma and assess the
prognosis. Liquefaction of the cord indicates myelomalacia, which
carries a poor prognosis. Following decompressive surgery, prophy-
lactic fenestration of the T11-12 to L3-4 disks may be performed in
small chondrodystrophic dogs to prevent furure extrusion of other
disks. Only prophylactic fenestration of obviously degenerate disks
is performed in larger dogs because vertebral instability can result
and cause future problems.

¥ Postoperative pain is controlled as ourlined in Secrion 7,
Table 7-2. Oral prednisone 0.25 mg/kg every 12 hours for 3 days
then tapered over 7 to 14 days may be given after surgery.
Famotidine (Pepcid AC, Merck) 0.5-1mg/kg PO every 12 to 24
hours, cimetidine (Tagamet, SmithKline Beecham) 5-10 mg/kg PO
every 12 hours, or misoprostol (Cytotec) 1 to 3 uglkg PO every 8
hours or another gastrointestinal protectant is given to reduce upset
or ulceration from the prednisone. Oral muscle relaxants, like
diazepam 0.5-2 mg/kg every 6 to 8 hours as needed (not to exceed
10 mg every 6 hours) may help relieve painful muscle spasms and
also make the bladder easier to express.

W Paraplegic dogs are easier to care for than quadriplegic dogs.
Decubital ulcers, urine contact dermaritis, and bladder infections
are the biggest complications. Postoperative nursing care and
physical therapy are outlined in Table 12-4. The bladder may
have to be expressed for up to 10 days after surgery, but with T3-
L3 lesions, reflex or voluntary urination usually begins shortly
after that time. The bladder may have to be expressed for a
longer period in patients with L6-S2 lesions. As voluntary limb
movement appears, control of urination often returns. If the
response to deep pain testing is absent for more than a month,
paraplegic dogs are unlikely to recover function. Voluntary
movement, which indicates improvement of function, must be
distinguished from spinal walking, which occurs 1 to 2 months
after injury. Deep pain is usually absent in dogs that are spinal
walking. Most dogs have an excellent prognosis and continue to
improve for 6 to 12 months following surgery. Dogs with para-
plegia often enjoy exercise in a wheeled cart placed under their
pelvic limbs. Several carts are commercially available for para-
plegic dogs of all sizes and can be found on the Internet. Dogs
with permanent paralysis must be monitored and treated for
cystitis but can live otherwise active lives. Lifestyle changes as
outlined in Table 12-5 are recommended.
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Figure 12-9 Lateral radiographs of the fracture repair of the dog in Figure 12-8;
pins and polymethyl methacrylate were used.

Figure 12-10 A ventrodorsal radiograph of the fracture repair of dog in Figure
12-8; pins and polymethyl methacrylate were used.
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v Postoperative nursing care and physical therapy are outlined
in Table 12-4. The prognosis for recovery for paraparetic and
paraplegic dogs that respond to deep pain is good in most cases.
Improvement ofren continues for @ to 12 months. The prognosis
for animals with paraplegia and no deep pain response as a result
of injury is often worse than that for IVDD because of the degree
of traumatic forces upon the spinal cord. As discussed for IVDD,
if there is no response to deep pain for more than a month, para-
plegic dogs are unlikely ro recover function. Voluntary
movement, which indicates improvement of function, must be
distinguished from spinal walking, which occurs 1 to 2 months
after injury. Animals with permanent paraplegia may adapr to a
cart as suggested for IVDD. Spinal fractures that occur sponta-
neously or with minimal trauma should be evaluated for the
presence of an underlying neoplasm (pathologic fractures).

Fibrocartilaginous Embolism

™ A common cause of asymmetric paraparesis or paraplegia in
large dogs is spinal cord infarction from fibrocartilaginous emboli
(FCE). Small dogs and cats are affected less frequently. Clinical
signs develop acurely and progress rapidly (within 1 to 2 hours)
to unilateral or bhilateral paraplegia (Figure 12-11). The diagnosis
and treatment of FCE are presented in Section 9. Infarction of
T3-L3 has a good prognosis for recovery. If unilateral infarction

Figure 12-11

A 5-year-old Labrador retriever
with acute paraplegia from a
fibrocartilaginous embolism.
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Section 1 3

Chronic
Paraparesis

Focal or multifocal
thoracic and lumbar
spinal cord
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Definitions

Chronic paraparesis: Neurologic signs that progress over a week
to several months.

Paraparesis: Weakness and reduced voluntary movement of the
pelvic limbs.

Figure 13-1 A Best-in-Breed champion German shepherd with the angulation
of the pelvic limbs that is the breed standard; the dog developed progressive
pelvic limb paresis from degenerative myelopathy at 10 years of age.

Flaccid or lower motor neuron (LMIN) paraparesis: Paraparesis
with reduced or absent spinal reflexes and muscle rone.

Spastic or upper motor neuron (UMN) paraparesis: Paraparesis
with normal or exaggerated spinal reflexes and increased muscle rone.

Hyperpathia: Exaggerated response to painful stimuli.

Scoliosis: Deviation of the vertebral column resulting in a
curvature l.'l'F thE‘ neck oar hﬂ-‘:k.

Paresthesia: Abnormal burning or tingling; often affects limbs
and feet and manifests as self-mutilation.

Lesion Localization

v The location of lesions that cause chronic paraparesis (Figure
13-2) are as follows:

® T3-L3 spinal cord segments
® |4-52 spinal cord segments or nerve roots

* Lumbosacral polyneuropathy or polymyopathy
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Figure 13-2 Chronic paraparesis is usually associated with a lesion in the spinal
cord below T3 (dots indicate lesion localization).

Differentiation of Upper
Motor Neuron and
Lower Motor Neuron

Lesions

Differentiating the type of motor neuron lesions that cause
chronic paraparesis is shown in Section 12, Figure 12-3.

T3-L3 Spinal Cord Segments
(UMN Lesion)

Animals with these lesions usually have more than one of the
following signs:
v Paresis or paralysis of the pelvic limbs
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v Decreased or absent conscious proprioception in the pelvic limbs
v Normal or exaggerated pelvic limb spinal reflexes

v' Crossed extensor reflexes in the pelvic limbs

v" Positive Babinski's sign in the pelvic limbs

v Normal or increased muscle tone in the pelvic limbs

v Urinary incontinence—reflex urinations, or spastic frequent
expulsion of small amounts of urine

v’r Fecal inconrinence—uncontrolled spastic expuh-;inn of feces
through a constricted anus

v" Hyperpathia at the site of the lesion

v" Reduced or absent cutaneous trunci response caudal to the
site of the lesion

v" Reduced or absent superficial pain sensation caudal to the site
of the lesion

v Disuse muscle atrophy

L4-S2 Spinal Cord Segments
(LMN Lesion) and Lumbosacral
Neuromuscular Lesions

Usually more than one of the following signs occur:
v Paresis or paralysis of the pelvic limbs
v" Decreased or absent conscious proprioception in the pelvic limbs

v Decreased or absent patellar reflex (L4-5); increased if the
lesion is caudal vo L5

v Decreaszed or absent cranial tibial, gastrocnemius, sciaric, and
flexor reflexes (L6-52)

v Decreased or absent muscle tone in the pelvic limbs
v Decreased or absent anal reflex (S1-3)

v Constant or frequent dribbling of urine from a distended
bladder rhat is easy to express (S1-3) in dogs; may be difficulr to
express in cats

v Fecal incontinence—uncontrolled defecarion through a
dilated anus

J UHIJ':'III"J.’ l'l'l'.'.llI'ITI.':'ll. cutraneous trunci TEEPE]“HU
v Hyperpathia at the site of the lesion

v MNeurogenic muscle atrophy
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Physical and Neurologic
Examinations

v Localize the lesion to T3-L3 or L4-52 (includes neuromus-
cular lesions).

v Determine the severity of signs; in order of progressive
severity: ataxia, paraparesis, paraplegia with deep pain response,
paraplegia with no deep pain response (Section 12, Table 12-1).
Most animals are presented at the paraparesis stage as this
progresses over a week or more.

v Evaluare rhe thoracic limbs carefully as a cervical or diffuse
neurr.:rrnu:-:cul;lr I.E-.‘i-i".]n Celly :-lrlp{"_":il' Ly 'l'.'.ll"l]"llr" :-I.FI:-'L'C'[' |:I."|.'E_II FL"‘I.\-'i'L' I.i.l'l'!.l.'le-.

v Determine the source of pain, if any.

v If urinary incontinence is present, determine whether the
bladder is easy or difficult to express.

L] L] -
Applicable Diagnostic Tests
v A complete blood count (CBC), serum chemistry profile, and
urinalysis are performed to detecr systemic illness and as part of
the preanesthetic evaluation.
v Thoracic and abdominal radiographs and abdominal ultra-
sonography are indicated if neoplasia is suspectred or
abnormalities are found on the physical examination.
v Tests for which the animal must be anesthetized as well as
their putentiul findings are as follows:
* (Cerebrospinal fluid (CSF) analysis may show leukocyric pleo-
cytosis with or withour elevated protein levels in cases of
meningomyelitis; lumbar CSF may have more significant abnor-
malities than does cerebellomedullary CSE

* CSF analysis may show elevated protein in IVDD, degenera-
tive myelopathy, spinal cord neoplasia, and some lysosomal
storage disorders. Lumbar CSF may show the greatest changes,
® (CSF cholinesterase levels are elevared in German shepherd
degenerative myelopathy.

e Electromyography (EMG) may show positive sharp waves
and fibrillation potentials in the paravertebral, limb, or rail
muscles in the area of a focal lesion; EMG may detect
multifocal lesions or a generalized neuromuscular disorder.

® Spinal cord evoked potentials may be abnormal.



e Routine vertebral column radiographs often show calcitied
intervertebral disks, diskospondyliris, and vertebral malforma-
tions or neoplasia; spondylosis deformans and dural ossification
are usually incidental findings in older animals.

* Myelography is useful to detect spinal cord compression from
VDD, neoplasia, vertebral abnormalities, and cysts or to
demonstrate spinal cord expansion from neoplasia.

* Computed tomography (CT) and magnetic resonance imag-
ing (MRI1) can be useful to evaluate VDD, diskospondylitis,
vertebral and spinal cord neoplasia, vertebral anomalies, cysts,
and lumbosacral degeneration.

® Surgical exploration of the spinal canal can enable remowval
or biopsy of masses for histologic examination.
* Muscle and nerve biopsy is obrained if a neuromuscular lesion
is suspected.
v Serum and CSF titers for organisms or cultures are obtained if
meningomyelitis is suspecred.

¢ Urine and blood cultures are obrained if diskospondylitis
is suspected.

Spinal Cord Disorders

Degenerative Intervertebral
Disk Disease

¥ The most common cause of chronic progressive paraparesis in
dogs is Hansen Type 11 IVDD. Middle-aged or older nonchon-
drodystrophic, large-breed dogs, like German shepherds and
lLabrador retrievers, are most commonly affecred, although any
breed of dog and geriatric cats may be affecred. As discussed in
Secrion 7, the anulus fibrosus slowly protrudes into the spinal
canal with Type Il IVDD and compresses the spinal cord
(Secrion 7, Figure 7-5). In some instances, spinal cord compres-
sion is partially or solely relared to hypertrophy of the dorsal
anulus fibrosus and the dorsal longitudinal ligament. Chronic
Type 11 IVDD often occurs at the more mobile points of the
vertebral column, such as the thoracolumbar and the
lumbosacral regions. Type Il IVDD rarely occurs between T1-T10
because the conjugal (intercapiral) ligament between the rib
heads reinforces the region immediately dorsal to the disk.
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v Initial clinical signs may be weakness on rising, reluctance to
jump into the car or onto the furniture, and difficuley climbing
stairs. Although acute exacerbations are possible, clinical signs
usually reflect a chronic, progressive, focal spinal cord lesion and
include asymmetric or symmetric pelvic limb ataxia, paraparesis,
conscious proprioceptive deficits (Figure 13-3), and focal hyper-
pathia. In some animals, no evidence of hyperpathia can be found,
so it can be difficult to differentiate Type 11 IVDD from degenera-
tive myelopathy on initial clinical evaluarion. Fecal and urinary
incontinence may also be present.

Figure 13-3 Loss of conscious propri-
oception helps differentiate orthopedic
and spinal cord disease in dogs with
mild paraparesis; conscious proprio-
ception is reduced or absent in spinal
cord disease and usually normal in
orthopedic disease.

ﬂ? El.E"L'HTEd pn‘.rtein ]E‘\"Eiﬁ erh nun"n:l] IEUk[K.:Y'tE COLnts ﬂnd
cytologic findings are common on lumbar CSF analysis. Positive
sharp waves and fibrillation potentials may be found in affecred
paravertebral, limb, and tail musculature on EMG and can help
determine whether more than one site is involved. Routine radi-
ographs may show spondylosis deformans and bony proliteration of
the dorsal articular tacers, or they may be normal. Dural ossificarion
may be an incidental radiographic finding. Calcification of the
nucleus pulposus and narrowed disk spaces are rarely seen on routine
radiographs of animals with Type Il IVDD, and myelography, CT, or
MRI is necessary to document spinal cord compression. Severe
compression may be found in animals with only mild to moderate
paraparesis, as the spinal cord can adjust to slow rares of compression
and neurologic signs may develop only after it can no longer
compensate. Myelography is the most efficient rechnique to outline
multiple thoracolumbar and cervical lesions. Paraparesis may be
worse (usually transiently) following myelography so MRI is preferred
if the lesion can be well localized. The treatment of Type 11 IVDD
can be medical, surgical, or both and depends on the factors
outlined in Table 13-1.



Table 13-1
Factors Affecting Treatment Choices
in Dogs with Type I

Intervertebral Disk Disease
= Condition of the animal

® Duration and severity of the paraparesis
® Presence of multifocal lesions
® Suspicion of concurrent degenerative myelopathy

& Economic situation of the client.

¥ If an elderly animal is in good physical condition, has no
concurrent significant medical problems, and has only a single
disk protrusion, surgical intervention should not be excluded on
the basis of age alone. Animals with paraparesis from a single
lesion that has progressed over a few weeks tend to do berter
with surgery than those with signs that have been progressing for
several months or longer. Surgery may not be beneficial for long-
rerm compression, as spinal cord atrophy is often irreversible. If
an animal with a focal disk protrusion responds well to pred-
nisone therapy, then decompressive surgery may be more likely to
be effective. Medical management of Type II IVDD is outlined
in Table 13-2. The use of carprofen (Rimadyl, Pfizer), etodolac
(Etogesic, Fort Dodge), buffered aspirin, or other nonsteroidal
anti-inflammatory drugs (NSAIDs) should be discontinued
during prednisone therapy. Unfortunately, when prednisone is
discontinued, clinical signs often rerurn, as spinal cord compres-
sion is still present. Rest is not essential as in Type | INVDD
because exercise does not worsen the protrusion, and moderate
exercise, such as walking or swimming, is important in elderly
animals. If possible, surgical decompression of the spinal cord
offers a better long-term solution than does prednisone therapy.
Referral for alternative therapies, such as acupunctrure, herbs,
massage, and other forms of physical therapy, should also be
considered. However, prednisone may have to be disconrinued as
it may inhibit their effectiveness.

v As discussed in Section 12, the type of surgery is usually
determined by the locarion of the protrusion. Hemilaminectomy
is usually performed for protrusions between vertebrae T10-L4,
and dorsal laminectomy is done for protrusions caudal to L4
(Secrion 12, Figures 12-6 and 12-7). A Type Il disk can be very
firm and may have to be excised with a scalpel. Surgery for
chronic Type 11 IVDD often requires more manipulation of the
meninges and spinal cord than is needed in acute Type | disk
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However, this is usually a temporary sethack and the long-term
prognosis is very good to excellent in most cases. The postopera-
tive nursing care and physical therapy are similar to that
described in Section 12 for acute paraplegia and are outlined in
Table 13-3.

Table 13-2
Medical Management of Type Il Thoracolumbar
Intervertebral Disk Disease
®* Permit moderate exercise, such as walking and swimming.

® Avoid jumping, going up and down stairs, or rough play.

* Administer prednisone 0.25-1 mg/kg PO every 12 hours with tapered doses over
30 days. If improvement is noted but relapse occurs when the dose is reduced,
increase the dose again and recommend surgery. If surgery is not an option, con-
tinue with the lowest dose of prednisone that will control the signs (preferably
alternate-day therapy).

® Oral famotidine (Pepcid AC, Merck) 0.5-1 mg'kg every 12-24 hours, cimetidine
(Tagamet, SmithKline Beecham) 5-10 mg/kg every 12 hours, misoprostol (Cytotec,
Searyl) 1-3 pg/kg every 8 hours or other Gl protectant may be given to reduce gas-
trointestinal upset from the prednisone.

® Administer diazepam 0.5-2 mg/kg PO every 6-8 hours as needed (not to exceed
10 mg every & hours) if muscle spasms are present.

®* Pain is unlikely to be severe, but if needed, conduct pain management as out-
lined in Chapter 7, Table 7-2.

Warning: Prednisone therapy often causes polyuria/polydipsia, polyphagia,
and panting. Give extra water but feed a smaller amount of a high-guality;,
low-calorie diet because the dog will not be able to exercise as much as in the
past. Long-term corticosteroid therapy can cause gastrointestinal ulcers,
hepatopathy, and myopathy.

Warning: Never use carproden (Rimadyl), etodolac (Etogesic), buffered
aspirin, or other non-steroidal antinflammatory drugs in combination
with prednisone or other corticosteroids as gastrointestinal ulcers and

perforation can lead to death.
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Table 13-3
Nursing Care and Physical Therapy for Paraparetic Dogs

® Keep on a clean, padded surface and tumn to the opposite side every & hours to
avoid decubital ulcers.

® Monitor for fever twice daily for 1 week after surgery.
® Express bladder every 6-8 hours if unable to urinate, and monitor the urine for blood.
* Use enemas or stool softeners to assist in defecation if needed.

® Keep skin dry and free of urine and feces (apply water-repellent ointment to
perineal and caudal abdominal areas).

® Feed a well-balanced diet, and have water readily available.

® Massage and perform passive range-of-motion exercises of the pelvic limbs for 15
minutes 2-3 times a day.

® Assist attempts to stand and support weight 3-4 times a day; may use a hoist.
* Whirlpool baths and swimming can begin 5-7 days after surgery.

® Sling walks can begin when some movement returns.

Degenerative Myelopathy

v German shepherd degenerative myelopathy (GSDM) is seen
in German shepherd dogs between 5 and 14 years of age (Figure
13-1). Similar degenerative myelopathies (DMs) occur in boxers,
Pembroke Welsh corgis, Belgian tervurens, Old English
sheepdogs, Rhodesian ridgebacks, Weimaraners, Great Pyrenees
mountain dogs, and other large-breed dogs within the same age
range. However, fewer data are available in these dogs, so it is
difficult to determine whether the pathophysiologic process is
the same as that of GSDM. DM has also been reported in cats.
The exact cause of GSDM is unknown, but an immune-mediated
disease process is suspected.

v Nonpainful pelvic limb ataxia and paresis are seen. These
signs progress over several months and may have a waxing and
waning course. Weakness evident on rising may be the first indi-
cation of a problem. As many German shepherds and other large
breeds commonly develop osteoarthritis of the hips and stifles
and spondylosis deformans, difficulty rising may be attributed to
discomfort associated with these disorders. If reduced or absent
conscious proprioception is found in one or both pelvic limbs,
then a neurologic disorder is likely (Figure 13-3). As DM
progresses, ataxia and paraparesis are obvious, and pelvic limb
spinal reflexes are normal or hyperactive, indicating a spinal cord
I.C.".i'illn thWL‘L‘n TEPLS. Patu"ur ruﬂ-&:xus I'.I"I.H'f I."'EEI.'IITIE' dUPTEHSE‘IJ or
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¥ Elevared CSF cholinesterase, interleukin 6, and ubiquitin
concentrations suggest the presence of inflammation in GSDM.
The clinical stage and severity of GSDM correlate with
depressed lymphocyte blastogenesis to plant mitogens, resulting
from the genesis of circulating suppressor cells. Some dogs with
GSDM also exhibit antigen-binding cells specific to canine
myelin basic protein. Increased circulating immune-complexes in
the serum and CSF are similar to other inflammatory diseases
and are not specific to GSDM. The treatment of GSDM is
directed at controlling the inflammatory processes associated with
the underlying immune disorder and is outlined in Table 13-5. This
treatment may also be helpful in other dogs with DM.

Table 13-5
Treatment of German Shepherd Degenerative Myelopathy
* Oral epsilon aminocaproic acid (Amicar) 500 mg every 8 hours

® Dral N-Acetylcysteine 25 mg'kg every 8 hours daily for 2 weeks then reduced
to every other day

®* Oral vitamin E 1000-2000 IU once or twice daily
® Oral vitamin C 250-500 mg once or twice daily

* Regular walking or swimming
* High-quality, balanced diet

® Referral to a holistic veterinarian who can provide supportive treatment with
acupuncture, herbs, dietary supplements, homeopathy, and/or massage

¥ Circulating immune complexes damage endothelial cells in the
blood vessels of the spinal cord and cause deposition of fibrin in the
perivascular spaces. Fibrin degradation attracts inflammatory cells into
the lesions, causing further tissue damage. Epsilon aminocaproic acid
(EACA) is an antifibrinolytic agent that reduces the inflammartion
associated with fibrin degradation. EACA causes gastric irritation and
should be given with food to prevent nausea and vomiting.,

¥ The inflammatory cells release prostaglandins and cytokines,
which ultimately lead to the formation of oxygen-containing free
radicals that further damage the tissues. N-Acetylcysteine (NAC) is a
potent antioxidant that prevents free radical-induced tissue destruc-
tion. NAC comes as a 20% solution and must be diluted with
chicken broth (or other compatible water substitute) to 5% and given
with food to prevent nausea and vomiting. Some compounding phar-
macies Ty I."lL“ Eih].E‘ tiy fl.'lrml.llﬂrﬂ mEdil:El[i{}n."i At a I'l;"dj'LlCEL'l COsT.
Therapeutic doses of oral vitamin E and vitamin C can also be given
to reduce tissue damage from oxygen containing free radicals. As
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Lumbosacral Degeneration

v Pain associated with lumbosacral degeneration (LSD) may
cause difficulty in rising, jumping into the car or onto furniture,
and going up stairs. On occasion, compression of L7-5S1 nerve
roots may result in paraparesis with atrophy of the semimembra-
nosis, semitendinosis, gastrocnemius, and cranial tibial muscles.
Dogs with LSD initially have lumbosacral pain, and diagnosis
and treatment are discussed in Section 7. Later in the course of
the disease the nerve roots to the bladder, anus, and tail are
primarily affecred (Secrion 15).

Meningomyelitis

gomyel

v' Meningomyelitis and myelitis can cause chronic progressive
paraparesis and are associated with infectious organisms as well as
an unknown inflammatory process. Myelitis associated with the
canine distemper virus can cause paraparesis thar progresses to
paraplegia within a few weeks, and the thoracic limbs may be
normal or only mildly pareric. Meningomyelitis and mvelitis often
cause acute and chronic quadriparesis (see Sections 9 and 10). The
diagnosis, treatment, and prognosis of central nervous system
inflammartion are discussed in Section 2, Tables 2-8 wo 2-11.

. g w
Diskospondylitis

v’ Back pain is the most common initial clinical sign of thora-
columbar diskospondylitis, and difficulry rising in the pelvic limbs
is often associated with pain rather than paresis. If diskospondylitis
is left untreated, progressive araxia and paraparesis can result from
spinal cord compression due to inflammartion and swelling of the
intervertebral disk and surrounding tissues. Diagnosis, treatment,
and prognosis of diskospondylitis are discussed in Section 7.

Hemivertebra and Other
Vertebral Malformations

v Vertebral malformations are seen most commonly in the thoracic
vertebral column of brachyeephalic dogs, such as Boston terriers, pugs,
and English and French bulldogs. Such malformarions include
hemivertebrae {Fij.,ﬂ.ln: 13-5), hutterﬂ',.r vertebra, transitional vertebrae,
and block vertebrae, Although usually an incidental radiographic
finding, these malformations occasionally cause scoliosis and compres-
sion of the spinal cord. Ataxia and paraparesis may worsen as the
animal grows as a result of increasing compression or tethering
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(stretching from tying down of the cauda equina) of the spinal cord.
The lesion may not necessarily cause pain. Although vertebral malfor-
mation is obvious on routine radiographs, spinal cord compression is
visualized with myelography and CT or MRI (Figure 13-6).
Decompression of the spinal cord can be attempted but may worsen
the paraparesis or paraplegia. Some animals with chronic compres-
sion have concurrent syringomyelia, hydromyelia, or spinal cord
atrophy, which complicates therapy and recovery.

v Spina bifida or incomplete fusion of the dorsal spinous process may
be found on routine radiography and CT. Myelography or MRI may
demonstrate a meningeal sac (meningocele) protruding through the
dorsal opening in the vertebra. Progressive paraparesis can result.,
Spina bifida is most common in the sacral region (Section 15) but
occurs in the thoracic area as well.

Figure 13-5
Ventrodorsal radiograph of
hemivertebrae (arrows).

Figure 13-6
Reconstructed sagittal CT image of the spinal column of the dog in Figure 13-5
showing the hemivertebrae and spinal cord compression at the arrow.



Neoplasia

v Vertebral osteochondromas are benign, proliferative masses of
cartilage and bone that occur at metaphyseal growth plates.
Osteochondromas of the thoracolumbar vertebrae may COmpress
the spinal cord and cause progressive paraparesis in voung, growing
animals. Occurrence at multiple skeletal sites is referred to as
mulriple cartilaginous exostoses. Pain can often be localized to the
site of the lesion. Radiodense circular lesions protruding from the
vertebra into the spinal canal may be seen on routine vertebral
column radiographs. Myelography and MRI document spinal cord
compression. CT with or without myelography can be useful to
show the extent of the osteochondroma.

¥ Growth of the osteochondroma may stop when the animal
reaches skeletal maturity. Those without spinal cord compression
may not require therapeutic intervention. However, for para-
paretic animals with significant spinal cord compression from
osteochondroma, decompressive laminectomy with remowval of
the mass results in improvement of the paraparesis and recovery
within a few months. Histologic examination of the mass is
important to confirm the diagnosis and to differentiate osteochon-
droma from a malignant neoplasm. Malignant transformartion of
osteochondromas is rare but has been reported in dogs.
Osteochondromas may be an inherited disorder in dogs.

v Chronic progressive paraparesis may be associated with a
vertebral or extradural, intradural, or intramedullary spinal cord
rumor. Tumors of the vertebrae and those that affect the meninges
and nerve roots cause pain and are described in Secrion 7.
Lymphoma commonly causes painful progressive paraparesis in cats.
MNeoplastic lymphocytes may be found on analysis of lumbar CSE
Myelography and MRI demonstrate spinal cord compression and
aspiration of the mass can be attempted for cytologic evaluation.

¥ Surgical resection of the mass followed by chemotherapy or
radiation therapy may improve paresis and prolong the survival
time of both dogs and cats with spinal cord neoplasia. Diagnosis
and rrearment of spinal cord tumors are discussed in Section 10.

Spinal Cord Cysts

v Epidermoid, dermoid, and arachnoid cysts may compress the
spinal cord and cause progressive paraparesis or quadriparesis,
depending on their location, in dogs and cats. During fetal develop-
ment, adjacent skin-determining ecroderm and mesoderm remain
attached to the neural tube and become enclosed in the meninges,
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Lumbosacral plexus

Figure 14-2 Monoparesis or monoplegia are most frequently caused by a lesion of
the brachial plexus or lumbosacral plexus and their associated nerves (dots indicate
lesion localization) and on rare occasions their associated spinal cord segments.

Differential Diagnosis

Acute Nonprogressive
Monoparesis or Monoplegia

v Trauma—common in dnp,:a and cats
v Fil"nnm'.-.lrriln;g-_*l'l-.m:-i embolism—common in dogs, rare in cats

v Thromboembolism—occasional in cats, rare in dogs

Chronic Progressive Monoparesis
or Monoplegia

v Degenerative intervertebral disk disease—occasional in dogs,
rare in cats

v' Neoplasia of nerve roots and peripheral nerves—occasional in

L:Il."'g.ﬂ :'ll"H.I rare in cats
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Diagnostic Evaluation

Important Historical Questions

* Acure or chronic?

* Progressive or nonprogressive!?

* Progression over weeks or months!?

* Lameness or evidence of pain!

* Hisrory of trauma’?

* Past or present neoplasial

e Any difficulty breathing, depression, anorexia, or other signs
of systemic illness?

* Any recent or current medication!

e Effectiveness of atrempred rhumpieﬁf

Physical Examination

v Auscultare the chest for evidence of cardiopulmonary disease
and orther systemic disease.

J E\-'q':i].lliltﬂ' thL"' PL[I.H-L' :-l.nij. l‘l.‘.'rn[l'Enll'urE l'.l'l:. thu ElffECtEli 1I|mh.

v Evaluate for orthopedic disease if lame.

v Examine for evidence of fractures or other traumatic lesions.

v Palpate the axillary or inguinal regions for pain.

Neurologic Examination

Deficits associated with specific nerves are outlined in Tables 14-1
and 14-2 and may include:

¢ Loss of voluntary flexion or extension of one or more joints
¢ Inability to support weight

v" Loss of spinal reflexes of the limhb

v Arrophy of specific muscles

v Loss of pain sensation in specific dermatomes

v Loss of conscious proprioception in the limb

v Neck, back or limb pain
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Applicable Diagnostic Tests

v A complere blood count, serum chemistry profile, and urinal-
ysis are performed to detect systemic illness and as part of the
preanesthetic evaluartion.
v Thoracic and abdominal radiographs and abdominal ultra-
sonography are indicated if neoplasia is suspected or if
abnormalities are found on the physical examinartion.
v Thoracic radiographs show cardiac enlargement with or
without pulmonary edema in cars with cardiomyopathy.
v" A Doppler-flow sensing device placed on the dorsomedial
region of the metatarsals or the palmer surface of the metacarpals
can be used ro evaluate blood flow in distal limbs.
v Electrocardiography and echocardiography can be useful to
evaluate cardiomyopathy.
v' Coagularion tests, such as activared clotring times (ACT),
prothrombin time (PT), and partial thromboplastin time (PTT),
may be indicated for animals with thromboembolism and no
evidence of cardiac disease.
v" The animal is anesthetized for the following rests; their
potential findings are also nored:
e Electromyography (EMG) may show positive sharp waves
and fibrillation potentials in the paravertebral and limb muscles
associated with specific nerve involvement 7 to 10 days after
onset of clinical signs.
e Nerve stimulation can be performed 72 hours after onser of
clinical signs ro determine nerve integrircy.
e Routine radiographs may show calcified intervertebral disks,
narrowed disk spaces, vertebral fractures or neoplasia.
e Myelography can be used to diagnose spinal cord compression
from an intervertebral disk extrusion or protrusion or a nerve
root tumor that may be growing through the intervertebral fora-
men into the spinal canal.
e Computed tomography (CT) and magnetic resonance imag-
ing {MRI1) can be useful ro detect nerve root tumors, interverte-
bral disk disease, vertebral fracrures, hl.:mt'-rﬂmgu, or fibrocarti-
laginous embolism.
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Disorders Causing
Monoplegia or
Monoparesis

Nerve Root, Plexus,
or Nerve Trauma

' TI‘:_‘-lth‘l‘l.'..'l 1% [11“: ITE0El COTTIMTIOT Canse l'.]"l'- acute |1ll]nl'lr]ﬂri."5iﬁ T TT1OT I =
plegia. Injury of the brachial plexus and subsequent paralysis of one
thoracic limb is the most common type of trauma and is frequently
seen after motor vehicle accidents (Figure 14-1). If the nerve roots of
the brachial plexus are torn from the spinal cord (avulsion), Horner's
syndrome of the eye, and loss of the cutaneous trunci reflex on the
same side as the monoplegia are usually present (Section 6, Figure 6-
8). In some cases of brachial plexus injury, the musculocutaneous
nerve is spared and the limb is held flexed ar the elbow. The type of
nerve injuries and prognosis are outlined in Table 14-3.

Table 14-3

Types of Nerve Injury and Prognosis
* Neurapraxia (axonapraxia): Failure of nerve function in the absence of

structural change due to blunt trauma, compression, or ischemia; return to
function normally ensues.

®* Axonotmesis: Disruption of the axon and myelin sheath with preservation of
connective tissue fragments, resulting in degeneration of the axon distal to the
injury site {(Wallerian degeneration); regeneration of the axon is spontaneous and
often of good guality.

®* Neurotmesis: Partial or complete severance of a nerve, with disruption of the
axon, its myelin sheath, and the connective tissue elements; regeneration can-
not occur unless the nerve segments are surgically reattached.

v Most nerve injuries are caused by neurapraxia or neurapraxia
and axonormesis combined. Initially, all types of nerve injury can
cause monoplegia with loss of superficial and deep pain sensa-
tions. If the deep pain response is present in all the digirs, then
the nerve is intact and chances for recovery are good. Since the
prognosis varies with the nerve and type of injury, the EMG can
be useful to determine which nerves have been injured and whar

type of injury has been sustained (Table 14-4).
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material is usually necessary, and the prognosis for recovery is
excellent. Intervertebral disk disease is discussed further in

Sections 7, 9,10, 12, and 13.

Neoplasia

J L:lrnen{-:st-; ETF e limh thﬂt Progresses over W\-’Eﬂli “'EEI!.’..E ar Tﬂi]ﬂthﬁ
to paresis, reduction of spinal reflexes, and muscle atrophy may be
associated with neoplasia of the nerve roots, plexus, or individual
nerves. Pain is often detected on palpation of the neck, axilla, back,
or inguinal regions, and paresis of other limbs often develops with
time. Tumors of the peripheral nerve sheath (neurofibroma, schwan-
TRCMITLEL, TRy l“il"'r'. F."id]"l.".'il'l!'li‘l} dare the MOst Comimon nE‘-E?F]HHITIE
identified. The diagnosis can be elusive until the tumor reaches a
detectable size. The EMG can be useful to identify the presence of a
nerve root or peripheral nerve disorder in animals with lameness and
to derermine which nerves are affected. Enlarged nerves may be visu-
alized with MRI (Figure 14-4). Treatment of peripheral nerve sheath
tumors entails removal of the tumor and nerve. However, if a plexus
or many nerve roots are affected (Figure 14-3), then complete
removal is often difficult and the tumor eventually grows into the
spinal cord, causing quadriparesis or paraparesis (Section 10, Figures
10-4 and 10-5). Therctore, the prognosis for tumors of the plexus or
nerve roots is puarded.

Figure 14-4 Transverse post-contrast T1-weighted MRI of a peripheral nerve
sheath tumor that is growing through the intervertebral foramen and compressing
the spinal cord (arrow).
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Section 1 5

Flaccid Tail, Anus,
and Bladder

ey
AN
%, Sacral and caudal spinal cord segments and
// nerve roots
- (cauda equina)
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Definitions

Cauda equina: The nerve roots L7-Cd5 that continue in the
vertebral canal after the spinal cord has ended and before they
exit after their respective vertebra; resembles a horse’s tail.,
Lower motor neuron (LMN) bladder: Reduced or absent tone in

l'I."IE‘ dEl’l’ll'ﬁ-llr ':'Il"II._I EKtEl’]’IHI h‘phin{:tur I‘.ﬂLI:!-'.CIL"‘H anﬂ I('I!-'.."i llfl I.'I'.':E'
micrurition reflex.

Meningocele: A pouch of meninges and spinal fluid thart
herniates thruug]'l a vertebral defect such as spinﬂ bifida.

Paresthesia: Abnormal burning or tingling; often affects limbs
and feet and manifests as self-mutilation.

Spina bifida: Incomplete closure of the dorsal vertebral arches.

Figure 15-1 An 8-week-old bulldog puppy with sacrocaudal agenesis resulting in
a dilated anus; note the abnormal hair growth (arrow) where spina bifida was
located with plain radiographs.
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Lesion Localization

v Lesions thar can cause flaccid tail, anus, and bladder are located
at S1-Cd5 spinal cord segments and nerve roots (Figure 15-2).

Differential Diagnosis

v Trauma—common in dogs and cats

v Lumbosacral degeneration—common in dogs

v Fibrocartilaginous embolism—common in dug:-:, rare in cats

v Diskospondylitis—common in dogs, rare in cats

v Sacrocaudal agenesis—common in Manx cats, occasional in u;_lngs
v' Abscess—occasional in dogs and cats

v MNeoplasia—occasional in dogs and cats

Zacral and caudal spinal cord segments and
Merve roots
(cauda equina)

Figure 15-2 A flaccid tail, anus, and bladder are caused by a lesion of

the sacral and caudal spinal cord segments and nerve roots (dots indicate
lesion localization).
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Diagnostic Evaluation

Important Historical Questions

s (Unset, course, and duration of signs!

* Painful or nonpainful?

® s tail carriage normal?

* Does the tail wag?

® s there straining to urinate or defecate?

* How frequent is bladder and/or bowel incontinence!?
* Does the animal seem aware of the incontinence?

* Possibility of trauma? If so cbhtain lumbosacral radiographs.
® History of fighting or animal bites!

* Past or present neoplasia?

e Manx cat or bulldog with signs since birth?

e Lame in the pelvic limbs?

* Difficulty rising, going up stairs, or jumping onto furniture or
into the car?

s Any other sign of systemic illness or neurologic dystuncrion?
* Current or recent medications or other treatments and

their effectiveness?

Physical Examination

|/ Look for evidence of bite wounds or other traumartic lesions.

v Evaluate for pain in the lumbosacral Tegion.

Neurologic Examination

One or more of the following will be found during the neurologic
examination:

v Difficulry rising in the pelvic limbs and climbing stairs
v' Lame in a pelvic limb

v Uncurling of the tail

v Low tail carriage

v Loss of tail wagEing

v Reduced tail tone

v Reduced or absent tail sensation

v Dilated anus



J Rl:dllﬂl:d LT ili._"."i-'l_'nt :-l.ni.l.] rL"I'-I.(:K

¢’ Lack of anal sphincter contraction on rectal palpation

J R.EL‘II.“:EL] LT ﬂhﬁ-ﬂnt FETinﬂE]l :-:El'l."i-ilti{‘.l-n

v Pain on palpation of the dorsal lumbosacral vertebrae

v Pain on palpation of ventral surface of the lumbosacral
vertebrae (per recrum)

v Large bladder thart is easy ro express in dogs bur may be difficulr
Lo eXpress in cats

1/ Loss of the micturition reflex

v' Dribbling urine from the overflow of an engorged bladder

Applicable Diagnostic Tests

v" A complete blood count, serum chemistry profile, and urinalysis
can be useful to detect systemic illness and as part of the preanes-
thetic evaluation.

v Thoracic and abdominal radiographs and abdominal ultrasonog-
raphy are indicated if neoplasia is suspected or abnormalities are
found on the physical examination. Abdominal radiographs and
ultrasonography may detect caudal sublumbar masses.

v The animal is anesthetized for the following rests; their
potential resules are also given:

* An electromyogram (EMG) may show positive sharp waves
and fibrillarion porentials in the caudal glureal, perineal, and
tail muscles associated with specific nerve involvement 5 to 7
days after signs initially appear.

* Nerve stimulation of the cauda equina can be performed, and
evoked muscle potentials from the rail and anal sphincrer are
t‘-l.:'l:_‘l_:l'l‘dl.:{] (K} U‘\-':-I.I.LI':'II'L" thL" ianﬂTit"f l]F thﬂ' [.::lLI'L:I':]I. H.nd H:-'I'EI'HI. erve
roots and nerves.

* Routine lumbosacral radiographs can demonstrate sacrocau-
dal agenesis, spina bifida, spondylosis deformans, diskospondyli-
tis, fractures or luxations, and vertebral neoplasia.

® Lumbar cerebrospinal fluid (CSF) analysis may show neu-
trophilic pleocytosis in bacrerial infections or elevared protein
in compression lesions.

* A myelogram may be usetul o diagnose spinal cord
{:{'.II'I'I.FTL“HH:I(}["] 'I'-'I'l.'l'II'I ]ll['l'll.']l'!!ii-lﬂrﬂ]. deguneraltiﬂn Or a nerve rodaot
tumor, but contrast media may not descend caudally to outline
the cauda equina. The extent of a meningocele may be deter-
mined with myelography.
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* An epidurogram may be attempted to outline the cauda
equina, but this test is often more difficult to interpret than
other imaging studies and may be nondiagnostic.

o Computed tomography (CT) and magnetic resonance imag-
ing {MREI) can be used ro evaluate sacrocaudal agenesis, lum-
bosacral degeneration, diskospondylitis, abscesses, verrebral
fracrures, fibrocartilaginous embolism and neoplasia.

® Epidural needle aspirates may assist in diagnosing an abscess
or epidural neoplasia, such as lymphosarcoma.

* Aspirates of the lumbosacral intervertebral disk space may be
useful in the diagnosis of diskospondylitis.

¢ Urine and blood cultures and serum Brucella canis riters are
obtained if diskospondylitis is found.

v Culture and sensitivity of needle aspirares or open biopsy
samples should be performed if an abscess is identified.

Lumbosacral Disorders

Nerve Root Trauma

v/ Acute nerve root trauma most commonly results from
fractures, luxations, or subluxation of the lumbosacral or sacral
vertebrae. Such trauma is usually secondary to a motor vehicle
accident. Fracture andfor luxartion of the sacrocaudal junction
may occur in animals that run when their tail is caught. Paralysis
of the tail and urinary and fecal incontinence often result. While
dogs have a flaccid urinary bladder that is easy to express, the
bladder may be difficult to manually express in cats. Two radi-
ographic views are imperative to assess the degree of
displacement at the fracture site in most cases. CT can be useful
to better visualize bone fragments in the spinal canal. Surgical
decompression and stabilization may be required.

¥ Management consists of manual expression of the bladder and
fecal evacuation if necessary. Low-dose propanolol 1.25 mg total
dose PO every 8 to 12 hours may facilitate bladder expression in
cats after several days of therapy. The prognosis is betrer if tail
and perineal sensation is preserved. Sacrocaudal luxations
(Figure 15-3) typically have a better prognosis for return of
bowel and bladder funcrion than do lumbosacral luxations. The
tail may be permanently paralyzed and may eventually have to be
amputated due to soiling or murtilation.



Figure 15-3 Lateral radiograph of a fracture-luxation of the caudal sacrum (arrow)
causing a flaccid tail, dilated anus, and atonic bladder in a mixed-breed dog; the
anal sphincter and bladder function returned over the following 3 months, but tail
function did not.

Lumbosacral Degeneration

J !.lll'l'!.l‘l.'l"';nl.l.' |'.'|I E.'I.E‘Hi.'ni:r':ltil?n 15 COmMMOoOn in I.ill’gﬂ'l']rﬂ'l_"‘d d{.}gﬁ, Hnl'_i
as discussed in Secrion 7, the pain associated with this disorder
usually makes it difficule to rise, climb stairs, or jump onto furniture
or into the car. Chronic joint instability and subluxarion, prolifera-
tion of the surrcunding ligaments and other soft tissues, and a Type
Il intervertebral disk protrusion (see Section 7, Figurﬂ 7-5) ac L7-
S1 produce a stenoric lumbosacral spinal canal.

v Affected dogs initially have low back pain (Section 7) and low
tail carriage. As the disease progresses, paresis or paralysis of the tail
and fecal or urinary incontinence may develop (Figure 15-4). Some
dogs also bite the tail and leg and lick the genitals, which may be
caused by paresthesia. Conscious proprioceptive deficits and pelvic
limb paresis are rarely present. Lumbosacral radiographs and MR1
often show protound changes if urinary and fecal incontinence is
present (Figures 15-5 and 15-6). Surgical decompression of nerve
roots if done early can result in significant improvement, but the
chances for improvement decline once urinary or fecal inconti-
nence develop. Further discussion of the diagnosis and treatment of
lumbosacral degeneration is found in Section 7.
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Fibrocartilaginous Embolism

v" Infarcrion of the sacrocaudal spinal cord from fibrocarrilagi-
nous emboli (FCE) can cause acute flaccid paralysis of the tail,
anal sphincrer, and bladder and occurs most commonly in large-
breed dogs. If the infarction affects the L4-52 spinal cord region,
paraparesis or paraplegia will occur. Small dogs and cats are
affected less frequently. Diagnosis and treatment of FCE are
presented in Section 9. Although recovery is often possible,
residual urinary and fecal incontinence may occur.

Diskospondylitis

pondyl

v’ Diskospondylitis is an infection of the vertebral endplates and
intervertebral disk spaces. Vertebral osteomyelitis, or spondylitis,
is an infectious process that affects the vertebral bodies.
Diskospondylitis and spondylitis are usually caused by bacrerial
infection and are infrequently caused by a fungal infection such
as aspergillosis,and migrations of foreign bodies (e.g. grass awns).
Staphylococcal infections are most common and probably gain
entrance by a hematogenous route. Pre-existing or concurrent
skin, urinary rracr, or cardiopulmonary infecrions are often
present. Pain is locared ar the site of the affected vertebrae.
Mulrtiple vertebral sites may be involved, but the lumbosacral
region is commonly affected (see Secrion 7, Figures 7-12, 7-13,
and 7-14). If significant inflammation and compression of sacro-
caudal nerve roots occurs, then a flaceid rail, anus, and bladder
may result. Diagnosis and treatment of diskospondylitis are
discussed in Section 7.

Sacrocaudal Agenesis

v Manx kittens and English bulldog puppies may present with
fecal and urinary incontinence associated with a deformity of the
sacrum and associated nerve roots. Spina bifida, or incomplete
closure of the dorsal vertebral arches, is often present. The cauda
equina is usually undeveloped and may be found wirthin a meningo-
cele. Innervartion of the anus and bladder is reduced or absent. An
abnormal hair pattern over the dorsal midline of the lumbosacral
region and a palpable absence of the dorsal spinous process of the
sacrum may be found on physical examination (Figure 15-1). There
may be associated malformation of the lumbar spinal cord, so pelvic
limb araxia or paraparesis may also be present. The sacrocaudal
agenesis can be seen on routine radiographs and CT or MRIL
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There is no treatment to correct the malformation in most
animals. Manual bladder expression and assistance to defecate must
be performed. Chronic bladder infections must be treated with
antibiotic therapy.

Bite Wound Abscess

v A flaccid tail, anus, and bladder may be associated with a
focal bacrerial epidural abscess of the nerve roors of the cauda
equina secondary to a bite wound around the railhead. Aspiration
and culture of exudates from the epidural space confirm the
diagnosis and assist in antibiotic selection. Antibiotic therapy for
bacterial infections is described with meningoencephalitis in
Section 2, Table 2-11. Anrtibiotics should be given for 4 to 6
weeks, and the prognosis for recovery can be good. Laminectomy
for removal of debris is rarely necessary.

Neoplasia

v" Neoplasia of the vertebrae, meninges, or nerve roots of the cauda
equina can cause lumbosacral pain as well as flaccid rail, anus, and
bladder. Lymphoma localized in the cauda equina is common in cats
but only occurs occasionally in dogs. Bone and soft tissue changes can
be best visualized with CT and MRI, respectively. Surgical remowval,
chemotherapy, and radiation therapy may improve the pain and
prolong the survival time in both dogs and cats with neoplasia
affecting the cauda equina. Diagnosis and treatment of vertebral and
spinal cord tumors are discussed in Sections 7 and 10; nerve root
neoplasia is discussed in Section 14.
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Miscellaneous
Neurologic
Syndromes s e
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Definitions

v" Cataplexy: Abrupt artacks of weakness and loss of muscle tone
triggered by emotional stimuli; a symprom of narcolepsy.

v Episodic dyskinesia: Involuntary, irregular contraction of trunk
and limb muscles.

v Hyperesthesia: Increased sensitivity to stimulation resulting in
a negative behavioral reacrion.

v Interneurons: Neurons within the brain and spinal cord thar
cOnnect Hl:n?i{.}w :'I.]'I.I._‘I IMOTOT Neunons.

v Myoclonus: A rhythmic, synchronous contraction of one or
more muscles.

v Narcolepsy: Brief but uncontrollable episodes of sleep

v Paresthesia: Abnormal burning or ringling; nftr:n affects limbs
;'Inl_:I 'I'L‘.'ET .;'Iﬂd m;'l.]'llﬁ;!"n-l_"ﬁ das ‘\-E“"'mlltllﬂtt'{}n

v Risus sardonicus: A grinning expression produced by spasm of
the facial muscles (Figure 16-1).

v Self-mutilation: Excessive chewing, licking, rubbing, or
otherwise damaging one’s self.

v Tetanus: A state of sustained muscle spasin.

Figure 16-1 Tetanus in a 4-year-old Rottweiler showing the characteristic
spasms of facial muscles.



Some distinct neurologic disorders in dogs and cats may be diagnosed
on the basis of their characreristic clinical appearance. They include:

-/ Tetanus—rare in 'q.lk.flﬂ"- and cats
v Distemper myoclonus—rare in dogs
nf"( Muscle ur;lnipinf_; !*i‘].'l'li_lﬂlﬂ'lt:.‘i rare in :.h'.tg:-‘.

v" Hyperesthesia and self-mutilation syndromes—rare in dogs
and cats

v Dancing Doberman disease—rare in Doberman pinschers
v MNarcolepsy—rare in dogs

v' Rapid-eve-movement (REM) behavior disorder—rare in dogs
and carts

Lesion Localization

v Tetanus: Inhibirory interneurons of the brain stem and spinal cord

v Distemper myoclonus: Interneurons of the brainstem and
spinal cord

v" Muscle cramping syndromes
e Muscle
e Inhibitory interneurons of the brainstem and spinal cord
® Basal nuclei
v" Hyperesthesia and Self-Mutilation
e Sensory peripheral nerves or sensory regions of the brainstem
* Muscle

e Anxiery disorder with associated neurochemical and neuro-
hormonal imbalances

v Dancing Doberman Disease
e Castrocnemius muscle
v MNarcolepsy: Brainstem sleep centers

v" REM behavior disorder: Brainstem sleep centers
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Diagnostic Evaluation

v Because of the diversity of these disorders, the important histor-
ical questions, physical and neurologic examination findings, and
possible diagnostic rests will be discussed with each disorder,

Miscellaneous Disorders

Tetanus

fl=r The bacteria Clostridium tetani usually gains entrance to the
body through an exrernal wound, although atrogenic infecrion
with improperly sterilized surgical instruments has been reported.
The bacreria release a toxin that blocks inhibitory neurons in
the brainstem and spinal cord, causing focal and generalized
continuous muscle spasms. The characteristic contracture of
facial muscles has been referred to as "risus sardonicus” (Figure
16-1). Masticatory and pharyngeal muscle spasms may lead to
difficulty opening the mourh and dysphagia. Ofren, the ears are
held erect and the nictitating membranes protrude or rthythmi-
cally contract. The limbs may be stiff as well and assume a saw
horse stance. The diagnosis is based on the characrerisric clinical
appearance. Some dogs and particularly cars may develop focal
tetanus, which causes stiffness or rigidity in one limb.

W Penicillin G procaine at 20,000-50,000 1U/kg 1V is given every
4 hours to kill remaining bacteria. To control muscle spasms,
methocarbamol (Robaxin, Robins) 55220 mg/kg IV (not to
exceed 330 mg/kg/day) may be given. One half the calculated dose
is given rapidly, followed by slow administrarion after the animal
relaxes. Diazepam 0.5 mg/kg not to exceed 10 mg every 4-6 hours
IV, IM or rectally may be tried if methocarbamol does not control
spasms. A diazepam constant rate infusion may be given as outlined
in Section 3, Table 3-5. Stimulation by rouch, light, and sound
often induce muscle spasms and should be avoided. Intravenous
tetanus antitoxin is given as soon as possible after diagnosis. A rest
dose of 0.1 ro 0.2 ml SO of equine origin tetanus antitoxin may be
given, and if no adverse reaction occurs within 30 minutes,
1001000 IUfkg/day IV is administered for dogs and cars.
Intravenous fluids and supportive care are given until the effects of
the toxin dissipate, which may be weeks. Muscle spasms associared
with masrication, swallowing, and respiration can result in debilita-
rion and necessitate intensive care. Dogs and carts that are focally
affected often recover, but recovery may take weeks.
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Hyperesthesia and
Self-Mutilation

v Feline hyperesthesia syndrome is associated with twitching,
rippling, or rolling of the skin along the thoracolumbar region.
These signs are accompanied by vocalization, hysteria, and self-
mutilation. Affected cats are hyperesthetic to light touching in the
thoracolumbar region, and this may elicit the clinical signs.
Paresthesias of unknown etiology are suspected to be the cause.
Myopathy of the lumbar muscles has been documented in some
cats, so electromyography and muscle biopsies of this region may be
considered. Obsessive chin rubbing and tail chasing with or
without mutilation are also observed in both dogs and cats. Sensory
neuropathies, mynpathieﬁ. hormonal imbalances, and psychological
factors have all been suspected as the cause, but the exact
mechanism is unknown. The best therapies appear to be those used
to treat compulsive behavior disorders. Oral imiprimine (Tofranil,
Novartis) 0.5-2 mg/kg every 8 to 12 hours in dogs or cats,
clomipramine (Clomacalm, Pfizer) 1-3 mg/kg every 12 hours for
dogs, fluoxetine (Prozac, Dista) 1 mg/kg every 24 hours in dogs, or
buspirone (BuSpar, Bristol Myers Squibb) 2.5-15 mg every 8 to 12
hours in dogs or cats may be tried. Environmental changes, such as
getting the pet a companion, increasing its exercise, or enriching
the environment in other ways, may also alter the behavior.
Behavior modification in conjunction with a pharmacologic
therapy should be considered, although the response varies.

v Congenital sensory neuropathies that results in mutilation of the
paws may occur in English setters, German shorthaired pointers,
Dachshunds, and other dogs. There is no known effective
trearment. Sensory neuropathies may be acquired secondary to
neuronal damage from the canine distemper or herpes (pseudora-
bies) viruses, an extruded intervertebral disk, trauma, or neoplasia.
Paresthesias are suspected to provoke licking and chewing of the
affected area. Oral diphenylhydantoin (Dilantin, Parke-Davis) 25 to
30 mglkg every 6 hours in dogs or gabapentin (Neurontin, Parke-
Davis) 6 to 15 mg/kg every 6 hours in dogs may be tried to reduce
the clinical signs associated with acquired sensory neuropathies. The
expense of gabapentin may limit its use. Acupuncture may provide
some relief from suspected paresthesias. Self-mutilation associated
with intervertebral disk extrusion or protrusion, nerve injury, or
neoplasia may improve over time or with correction of the under-
lying problem. If the underlying cause of acquired sensory
neuropathy cannot be corrected, the prognosis is usually guarded.



Dancing Doberman Disease

v A breed-specific gastrocnemius myopathy occurs in Doberman
pinschers from | to 10 yvears of age. Initially, one pelvic limb is
affected and when the dog is standing still, the limb is held in
flexion (Figure 16-2). The dog is not lame or paretic and usually
has a normal gait. Over the ensuing months, the second pelvic
limb may become affected, and when standing, the dog will alter-
nately lift each pelvic limb in a dancing motion and then sit
down. Positive sharp waves and fibrillation potentials are often
f[]l]n{.l durlng L']L'L'rﬁ ”T'l"!.'l.'l‘f_ll_‘:lrll'l"r' E]f_ thE‘ g‘;l:il:rnl:nemil.lbi- lnu.‘i'clﬂ'ﬁ.
Myodegeneration is seen on histologic examination of the
gastrocnemius muscle. There is no known treatment. No dogs
have been known to spontaneously recover, but affected dogs can
be acceptable pets.

Figure 16-2 A 7-year-old male
Doberman pinscher with dancing
Doberman disease; note the
flexion of the left pelvic limb at
rest (arrow).

Narcolepsy

b Narcolepsy is an inherited or acquired REM sleep disorder
(Table 16-1) that has been reported in many different breeds of
dogs, a few mixed-breed dogs, and one car. In Doberman pinschers
and Labrador retrievers, this disorder is inherited as an autosomal
dominant trait with incomplete penetrance and the initial clinical
signs begin berween 1 to 4 months of age. In other dogs, narcolepsy
can be acquired lare in life as the result of brain inflammarion,
injury, or neoplasia that may damage the brainstem areas respon-
sible for normal sleep. Primary signs of narcolepsy include excessive
daytime sleepiness, cataplexy, REM sleep at sleep onset, sleep
paralysis, and hypnagogic hallucinations. Behavioral and
polyvsomnography (PSG) studies indicate that dogs experience all
signs of narcolepsy.
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v Cataplexy is an acute loss of muscle tone and is the most
common reason narcoleptic dogs are presented to veterinarians.

v Attacks of cataplexy are usually initiated by something
exciting or pleasurable like food, play, greeting owners, or

sex, not by negative or painful stimuli. The severity of signs
varies from acute, episodic, brief periods of pelvic limb and neck
collapse to acure onset of REM sleep with flaccid (areflexia)
quadriplegia and twitching of eyelid and limb muscles. Affected
animals may be awakened from severe attacks and appear normal
between attacks but may sleep more during the day. The
diagnosis is usually based on the characteristic clinical signs.

v Drugs that may minimize or abolish cataplexy include oral
imiprimine (Tofranil, Novartis) 0.5—-2 mg/kg every 8 to 12 hours
in dogs or cats, clomipramine (Clomacalm, Pfizer) 1-3 mg/kg
every 12 hours in dogs, fluoxetine (Prozac) 1 mglke every 24
hours in dogs and cars, buspirone (BuSpar) 2.5-10 mg in dogs or
cats every 8 to 12 hours, or selegiline hydrochloride (Anipryl,
Pfizer) 0.5=1.0 mg/kg once daily in the morning in dogs.
Merthylphenedate (Ritalin, Nowvarrtis) 0.25 mg/kg PO every 12 to
24 hours may be tried if excessive daytime sleepiness appears to
be a problem. Response to treatment varies. Congenital
narcolepsy in dogs stabilizes and does not worsen with age.

Rapid-Eye-Movement

Behavior Disorder
= During normal REM sleep (Table 16-1), the major muscle

groups are paralyzed so movement is minimal (Figure 16-1). If
the inhibitory system originating in the brainstem becomes non-
functional, significant motor activity can be released during
REM sleep and result in REM behavior disorder. This disorder
has been described in dogs and cars. Several golden retrievers
have been affected since puppyhood. Other dogs and cats seem
to develop the problem later in life.

v During REM sleep, movements may be so violent thar the
animal is propelled out of bed or across the floor. A few dogs
become aggressive and will growl, bite blankets, or briefly attack
I.':Il.”.' l..'ll.lj:ﬂkl‘!r" [-]\’I.-'i'l]'iﬂn, Hnd Thﬂ' ':iHHI'EHHil}I'I. Passes. Hl]WE‘\-"L‘I’, = ['I'l':il"'l"!.-"
animals sleep in the same bed or room as their owners, the
disturbance may become difficulr to bear. In addition, some
animals may urinate during these episodes, which makes them
even less rolerable.
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