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Approach to the neurologic examination 

Neurolocalization is the ultimate goal of the neurologic examination, piecing the puzzle of 
reflexes and responses together to an anatomic segment.  Once accomplished, the practitioner 
is able to assign a rank list of differential diagnosis for this neuroanatomic site based on the 
patient’s age, breed, clinical onset/ progression and the presence of spinal hyperesthesia.  
Whereas this list can easily be found in any neurology text, the ability to interpret findings and 
combine them to fit a single lesion site requires practice.    

A concept integral in localization is that of the Upper Motor Neuron (UMN) and Lower Motor 
Neuron (LMN).  The Upper Motor Neurons are essentially the long tracts from the brain that 
instruct the lower motor neurons what to do.  The LMN consists of the motor neuron cell body 
within the spinal cord, the nerve itself, the neuromuscular junction and the muscle itself.  In 
cases of UMN disease, the lower motor neuron works without instruction, known as a loss of 
inhibition.  It is classically hypertonic, with normal to increased reflexes and minimal atrophy.  
In cases of LMN disease, the upper motor neuron is irrelevant, because the LMN cannot 
respond to its instruction.  Thus hypotonicity, decreased reflexes and severe neurogenic 
atrophy are noted. 

The spinal cord can be divided into four areas.  The LMN of the limbs are located in swellings of 
the spinal cord known as intumescences.  When these intumescences are the sight of disease, 
LMN signs are notable.  When the lesion blocks the long tracts between the limb the brain and 
the LMN, UMN signs emerge.  Thus the spinal cord can be divided into the following segments.  

Lesion location  Thoracic limbs  Pelvic limbs  

C1-C5 UMN UMN 

C6-T2 LMN UMN 

T3-L3 Normal UMN 

L4-S3 Normal LMN 

The neurologic examination is comprised of multiple parts for accurate localization. 

Gait  

Ataxia is defined as an uncoordinated gait and is frequently classified as “the drunken sailor 
walk”.  



1. Proprioceptive/spinal-a.k.a The true drunken sailor walk, often coupled with a 
spastic/long strided gait suggesting UMN dysfunction.  Patients are often thought of as 
overstepping or “floating” 

2. Vestibular-Characterized by imbalance often manifest as “wall walking, coupled with a 
head tilt and nystagmus 

3. Cerebellar lesions –Characterized by hyper/dysmetria (Goose stepping), truncal swaying, 
and intention tremors. 

Paresis is weakness of the gait, reduced voluntary movement, whereas paralysis is complete 
loss of voluntary movement. Both paresis and paralysis (-plegia) can be used to describe the 
deficits in only one limb (monoparesis/plegia), in the pelvic limbs (para-paresis/plegia), in all 
four limbs (tetraparesis/ plegia) or on one side of the body (hemiparesis/ plegia).  

Proprioception 

The ability of a patient to identify the location of its limbs in space.  A subjective but integral 
component to the examination, these tests confirm the presence of a neurological disorder and 
can detect subtle dysfunction, helping identify which limbs are affected.  This includes paw 
position, hopping and placing responses. 

Spinal reflexes 

Reflexes are quite different than responses, such as proprioception, in that they do not require 
forebrain input.  This is an important distinction 

The easiest and most reliable are the patellar reflex in the pelvic limbs and the withdrawals in 
both the pelvic and the thoracic limbs. Don't forget to examine the tail and anus (perineal 
reflex). Reduced reflexes in a limb identify a LMN lesion in that limb, whilst normal or increased 
reflexes localize the lesion to the UMN  

 Cutaneous trunci reflex (panniculus)--helps narrow down lesion localization in the 
thoracolumbar region. After pinching the skin, the sensory information enters the spinal cord 
approximately two vertebral spaces cranially, ascends the spinal cord to the level of C8-T1 
where bilateral synapse occurs with the motor neurons of the lateral thoracic nerve, which then 
course through the brachial plexus and innervate the cutaneous trunci muscle, resulting in 
bilateral contraction of these muscles. Normally, this reflex is present from T2 to about L4-L5 
and a cut-off in this region suggests a spinal cord lesion just cranial to the cut-off level. Loss of 
the cutaneous trunci reflex can also be due to a brachial plexus lesion, in which case it will be 
completely absent on the side of the lesion and normal on the contralateral side  

Pain sensation 

The spinal pathways that carry pain sensation are located deep in the spinal cord so only a 
severe lesion will impair pain perception (making this an important prognostic factor). For 



conscious perception of pain, manifested by vocalization and/or turning the head and trying to 
bite, the information needs to be recognized by the sensory nerve, travel up the entire spinal 
cord cranial to that area and be interpreted by the brain. It is important to differentiate a pain 
response from a local withdrawal reflex (which should be present if both the peripheral nerve 
and spinal cord segment of the stimulated peripheral nerve are intact), in which case the limb 
will be retracted but no signs of conscious awareness of the pain will be evident. Pain sensation 
is tested by applying heavy pressure with haemostats to the bones of the digits (don't forget to 
test different digits) or to the long bones of the limbs  

Spinal palpation 

Looking for areas of hyperesthesia or deformities. Pressure is applied to the spinous and 
transverse processes of the vertebrae in all spinal segments. Manipulation of the cervical spine 
in all  

The Down Patient-when to refer 
Once neurolocalized to a thoracolumbar myelopathy, the decision of conservative management 
with cage restriction and analgesics vs. cross sectional imaging (MRI) become one of immediate 
importance.  Differential diagnosis for the acute presentation includes intervertebral disc 
disease, trauma, ischemic myelopathy (FCE), myelitis or neoplasia.  These differentials are 
prioritized based on signalment, progression, and the presence of spinal hyperesthesia. 
 
The decision on which approach to take is clearly most influenced by long term prognosis. The 
prognosis mostly depends on the underlying etiology of the neurological deficits (e.g., spinal 
neoplasia vs. minor contusive injury). One of the most common conditions seen causing spinal 
disease is degenerative intervertebral disc disease. It is important to know the prognosis for 
recovery with either surgical or conservative treatment for the different degrees of severity of 
the signs so appropriate clinical decisions can be made. The reported success rates vary widely 
and Figure 2 is an amalgamation of several study results that can be used as a guideline. These 
guidelines are only applicable to IVDD and should not be used for other disease processes.  For 
example, a dog with a spinal fracture secondary to vehicular accident has a grave prognosis 
associated with absent pelvic limb nocioception.  The is because in cases of IVDD, the loss of 
nocioception can be due to compressive, contusive or ischemic disease, all of which have a 
potentially viable recovery.  In contrast, the patient presenting with trauma can have a severed 
spinal cord with no potential for a meaningful recovery. 
Following the acute presentation, if patients are managed conservatively they are considered 
surgical candidates should clinical signs remain after two weeks of therapy.  With the advent of 
MRI, neurosurgeons have arguably become more aggressive in recommending surgical 
intervention.  This is because the severity of spinal cord compression noted on imaging suggests 
we grossly underestimate spinal cord compromise and possibly perceived pain.  Interestingly, 
more recent reports of patient improvement with surgery have trended towards greater 
success in patients of all grades. 

 



Adapted from Sharp, NJH; Wheeler, SJ (2005).  

Grades  Clinical signs  Prognosis with  
conservative treatment  

Prognosis with  
surgical treatment  

Grade 1  No deficits, just pain  66-89% resolution of 
pain 

91-97% resolution of pain 

Grade 2  Paresis, ambulatory  74% 95% 

Grade 3  Paresis, non-
ambulatory  

53-84% 93% 

Grade 4  Paralysis  30-57% 90-95% 

Grade 5  No pain sensation  7% 60% Ascending 
myelomalacia  
in 5-10% dogs 

Recurrence   ~35% ~10-20% 

 

Managing Acute Spinal Cord Injury 

Spinal cord injury can occur from a variety of etiologies ranging from primary 
trauma, severe intervertebral disc disease and vascular events or more chronic 
pathologies that lead to fracture /subluxation such as infection (diskospondylitis) 
or neoplasia. Differentiating these pathologies is often initially identified through 
signalment, acuteness of the onset, rapidity of the progression and presence of 
spinal hyperesthesia. Signalment aids in that young dogs are more likely to 
suffer from infectious/inflammatory disease as opposed to neoplasia which is 
seen in predominantly geriatric patients. In like kind there are breed 
predispositions; Chondrodystrophic breeds are predisposed to degenerative 
intervertebral disc disease and not fibrocatillagenous emboli (FCE). Certain 
conditions cause more “spinal pain” such as discospondylitis or trauma as 
opposed to vascular events because the main nociceptors are located in the 
structures that surround the spinal cord as opposed to the neuroparenchyma 
itself. Some etiologies are quite acute and improve more rapidly (vascular 
events) compares to others that are more slow and insidious (neoplastic) 
Regardless of the etiology, initial triage of these patients should involve rigid 
stabilization of the entire spine. This is common practice in human medicine but 
is often overlooked in veterinary medicine because of the presence of 
compressive myelopathies that do not involve major spinal instability (IVDD). 
However, should gross instability be present, the risk of iatrogenic injury and 
worsening of the primary condition is high due to concern of worsening 
compression of even spinal cord transection. Rigid stabilization involves a 
backboard and Velcro ties or tape that prevents major spinal movement. It is 



recommended that the backboard weight is known and the board be radiolucent 
so diagnostic can be performed with the patient immobilized. 
After/during spinal stabilization, systemic evaluation including cardiovascular 
function should be assessed. Neurologic evaluation is likely to be abridged as 
proprioception and gait will not be assessed. Nocioceptive function in all limbs 
can be assessed by pinching the limbs and monitoring for a conscious response- 
essentially turning around to bite or vocalize at the offender. Withdrawal of the 
limbs is a reflex and not indicative of conscious perception/spinal integrity. 
Nociceptive function is considered a prognostic indicator and in its absence 
outcome will likely be worse. The value of this test is variable based on disease 
process as varying degrees of injury will cause this change, from temporary 
nerve injury (neuropraxia) to more permanent damage (neuronotmesis). Cases 
of IVDD with absent nociception may have a prognosis as favorable as 50% 
chance return to function compared to traumatic cases where the chances are 
less than 2%. Cutaneous trunci reflex can be a valuable test in the stabilized 
patient and in its absence, may reveal the level of the injury. The patients can be 
gently palpated for the presence of spinal hyperesthesia. 
 
Initial diagnostics generally involve radiographs of the affected spinal cord 
segments. Sometimes this can be reduced to a certain spinal cord section while 
in other cases the entire spine must be imaged. When taking radiographs of the 
spine, a lateral projection with minimal obliquity is the primary radiograph. A VD 
view may be challenging in the immobilized patient, but horizontal beams views 
can be acquired. Concurrent radiographs of the thoracic cavity are often 
acquired to rule out concurrent trauma and as a pre-anesthetic evaluation. 
Radiographs may reveal fractures or subluxations, neoplastic processes or 
discospondylitis. Though intervertebral disc disease can be suspected, 
radiography is inadequate to definitively diagnose it and the site of compression. 
Vascular events cannot be seen on traditional radiography. 
Upon confirmation that the spinal column is stable, the patient can be removed 
from the spinal board. Recommendations at this point will diverge into advanced 
imaging with CT or MRI vs. supportive care. Variables in this decision will 
include severity of the neurologic condition, availability of advanced imaging and 
surgical intervention and financial commitments. MRI is a preferable modality to 
CT because of tis soft tissue contrast but in its absence CT +/- myelography may 
be diagnostic. More often than not, decompressive surgery is indicated in these 
cases. 
Conservative care is essentially supportive care as directed medical therapies to 
treat acute spinal cord have little evidence based support. Though steroids are 
potent anti-inflammatories and there was a suggestion that hey led to a 
favorable recovery from spinal cord injury, their use has fallen out of favor. There 
is no good evidence that steroids improve neurologic outcome in dogs or human 
patients with acute spinal cord injury. Methylprednisolone sodium succinate has 
been looked at in several large trials in human patients with acute spinal cord 



injury: NASCIS 1, NASCIS 2, and NASCIS 3, Otani in Japan, and Petitjean in 
France. These were all negative studies. Studies in dogs yielded similar results. 
Steroids may have utility as an analgesic but should not be considered a variable 
in return to function. Similarly, polyethylene glycol has minimal evidence to 
support its use. 
Intravenous fluid likely play a positive role in acute spinal cord injury. Maintaining 
spinal cord perfusion minims local ischemia and furthering inflammation. Bladder 
management is of major importance. Dogs with loss of inhibition to the bladder 
will be unable to voluntarily urinate and should be emptied three times per day 
either manually or by catheterization. This will minimize high pressure within the 
bladder within the bladder which could lead to permanent loss of detrusor muscle 
tone (atony). It will also minimize stagnant urine which will increase the risk of 
lower urinary tract infection. 
Rehabilitative techniques serve to improve spinal cord function through 
neuroplasticity while at the same time maintain muscle strength and joint laxity. 
 
Of course, they should be used conservatively if there is a concern of worsening 
pathology. Common techniques include water treadmill therapy, electrical 
stimulation, low level laser therapy and acupuncture. Many spinal cord injuring 
events can have favorable outcome with supportive care alone. Case selection 
based on the presumptive diagnosis and disease progression will dictate for 
which cases this is true. 
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A PAIN IN THE NECK-CERVICAL MYELOPATHIES 
Cervical hyperesthesia (painful response to a noxious stimulus) is a common presentation in 
clinical practice. The causes are variable ranging from benign to sinister.  More often, than not, 
these cases have a positive outcome if the underlying etiology can be identified and addressed.   

First, it Is important to recognize the cervical pain is not spinal cord pain.  The 
neuroparenchyma itself has few nociceptors.  Pain originates from the structures 
outside/adjacent to the spinal cord including the annulus fibrosis of the intervertebral disc, the 
meninges, the periosteum, the nerve roots (radicular), the muscle and the joints.  Recognizing 
where the source of the hyperesthesia emanates from are important for both pathologic 
understanding and choice of therapeutics. 

Dogs with cervical hyperesthesia may have other neurologic deficits but often do not. This is in 
contrast to thoracolumbar disease which frequently co-presents with proprioceptive or motor 
abnormalities. The predominant thought is that it relates to the larger canal:cord ratio in the 
neck than the back.  It also speaks to why cervical disease can be much more severe and 
refractory to medical management when pain is the sole clinical sign.  

Identifying cervical hyperesthesia is often as simple as noting a low head carriage at the walk. 
These dogs often have muscle fasciculations in the neck and shoulders.  In more chronic cases, 
neurogenic atrophy can be noted in the supraspinatous muscles.  Lateral motion of the neck 
may elicit a pain response but in the author’s experience ventroflexion and lateral palpation are 
most effective.  The dogs may be ataxic in all limbs and postural reaction deficits may also be 
noted.  The thoracic limbs may be spastic/hypertonic with normal reflexes in C1-6 myelopathies 
that have upper motor neuron disease.  The limbs are flaccid/hypotonic with poor reflexes and 
atrophy in C6-T2 myelopathies with lower motor neuron disease.  Dogs with C6-T2 
myelopathies may also have poor motor component to their cutaneous trunci and Horner’s 
syndromes.   

Several etiologies implicated in cervical hyperesthesia are to follow.  Prioritizing the differential 
diagnosis list is based on a combination of signalment, acuteness of onset, severity of 
hyperesthesia and progression.    From a diagnostic standpoint, cervical radiographs are often 
non-specific but indicated.  They are useful in ruling out traumatic disease or severe 
discospondylitis and osteolytic neoplastic disease. 

Intervertebral Disc Disease (IVDD) 
With a high prevalence in chondrodystrophic breeds, cervical IVDD is nearly as common as 
thoracolumbar disease. Although survey spinal radiography may reveal changes suggestive of 
IVDD, these changes are seen in predisposed breeds and are not indicative of causal 
pathology.1 Conservative therapy is a combination of supportive care, anti-inflammatories and 
analgesics. The success rate associated with conservative management of dogs with neck pain 
only from cervical IVDD is 50–90%, but nearly half of conservatively managed dogs will have a 
recurrence of clinical signs. Surgical therapy has a >90% success rate and is generally considered 
a rapid recovery with infrequent complications. 

Atlantoaxial Subluxation (AAS) 



AAS is a relatively frequent cause of C1-6 myelopathies in toy breeds of dogs, although and can 
occur in any age or breed. In suspected cases, care should be taken with manipulation of the 
neck.  Developmental abnormalities of the dens (hypoplasia or aplasia) or malformations of or 
trauma to the supporting ligaments are responsible for the development of clinical signs, which 
results in instability of the atlantoaxial joint and contusion and/or compression of the spinal 
cord.  

Radiographs are often diagnostic for AAS and on lateral projection, an increase in the space 
between the dorsal arch of C1 and the spinous process of C2 (> 4 mm) is noted. That said, 
advanced imaging is often recommended prior to surgery because of the high co-presence of 
craniocervical malformations such as caudal occipital malformation syndrome.   

Treatment for the condition is most frequently surgical.  Conservative management has a 50% 
success rate and the challenges of external coaptation near the mouth and around the neck.  
Surgery can be performed by either dorsal or ventral techniques and is most often associated 
with a positive outcome. 

Cervical Spondylomyelopathy (CSM)-“wobblers disease”. 
A bimodal disease that affects either young giant breed dogs or older large breed dogs.  The 
giant breed dogs have an osseous stenosis that causes a dorsolateral compression.  Large breed 
dogs, most specifically Dobermans have a ventral “Disc associated” compressive syndrome.  
Both of these conditions can be constitutively present or only compressive in dynamic positions 
(predominantly extension). Survey radiographs are less helpful in these conditions and 
advanced imaging is indicated.  Conservative approaches have been described but this too is 
often considered a surgical disease with varying reported success rates. 

Meningitis/Meningomyelitis 
See lecture “CSF-Who, what, when…” 

Neoplasia 
Any neoplasm that compresses the pain sensitive structures can result in cervical 
hyperesthesia. There is a high predominance of intradural tumors in the cervical spine including 
meningiomas and malignant nerve sheath tumors.  Soft tissue sarcomas can be causal as can 
round cell tumors that affect bone such as plasma cell tumors.  The tumors can be acute or 
chronic on presentation based on the affect they have to the vertebral bones.  Survey 
radiographs are considered specific but not sensitive in that over 60% of the bone must be 
demineralized before radiolucency is noted.  Therapies are variable and some tumors may 
respond to chemotherapeutic (round cell tumors) or radiation therapy (meningioma) while 
other don’t respond to either ancillary therapy. Surgical therapy is valuable for decompressive 
and diagnostic purposes but is often not curative in isolation because of the difficulty in 
attaining complete excision. 

KEY DRUGS, DOSAGES AND INDICATIONS 

Pharmacologic treatment of the patient with neck pain 

Adopted from J Rossmeisl DVM, MS DACVIM (SAIM, Neurology) 



   Drug choices Dose Route 

Tier 1* 
Initial therapy 
- Mild/moderate pain 

Carprofen 2.2 mg/kg PO q 12 hrs PO, SC 

Prednisone 0.5 mg/kg/day PO 

Acetaminophen/Codeine Dose to codeine equivalent of 
0.5–1 mg/kg q 6 hrs 

PO 

Tier 2 
Add to Tier 1 agent 
- Moderate, severe, or 
persistent pain 

Tramadol 2–5 mg/kg PO q 8–12 hrs PO 

Methocarbamol 22–44 mg/kg PO q 8 hrs PO 

Diazepam 0.25–0.5 mg/kg PO q 8 hrs PO, IV 

Gabapentin 15 mg/kg q 8hrs PO 

Tier 3 
Add to Tier 1 and 2 agents 
- Medically refractory pain 
Use as initial therapy for 
severe pain 

Morphine 0.25–1.0 mg/kg q 4–6 hrs IM,SC 

Oxymorphone 0.1–0.2 mg/kg q 4–6 hrs IM, IV, 
SC 

Hydromorphone 0.1–0.4 mg/kg q 4–6 hrs IM, IV, 
SC 

* Drug choices in this tier should not be used in combination. 

 
Dizzy yet? Vestibular disease 
 
Function of the Vestibular System 
The vestibular apparatus is a sensory system essential for maintaining posture and balance 
relative to gravity and movement. The system has its sensory receptors in the inner ear, its 
processing center in the brainstem, and its output caudally through the spinal cord and rostrally 
towards the eyes.  It receives regulatory input/feedback from the cerebellum. It is clinically 
divided into peripheral and central components, both because of the ability to separate 
neurolocalization based on clinical signs and because of the implications these localizations 
have on differential diagnosis. 

Peripheral vestibular anatomy 
The membranous labyrinth deep within the inner ear and the vestibular portion of the 
vestibulocochlear nerve make up the peripheral vestibular system. Within these labyrinths are 
cavities that contain endolymph fluid.  The receptors (crista ampularis) detect the movement of 
this fluid and in turn detect angular acceleration.  Angular acceleration is essentially rotational 



movement of the head from its resting state.  Other receptors (the utricle and saccule; the 
maculae) have small rocks (otoliths) which give the receptors mass and make them capable of 
detecting the exerted force of gravity. This is known as linear acceleration. These 
mechanoreceptors give afferent information along with auditory inputs to the vestibular 
ganglion and then to the brainstem.  The proximity of CN VIII to CNVII is highest within the 
middle ear and can have clinical consequences. The sympathetic innervation to the face also 
runs adjacent to these nerves. 

Central vestibular anatomy 
The four vestibular nuclei are in the most dorsal portion of the medulla, directly under the 
cerebellum.  This proximity manifests clinically in that diseases causing herniation of the 
cerebellum though the foramen magnum can compress these cell bodies.  There is a direct 
connection between these nuclei and the “vestibulocerebellum” made up of the 
flocculonodular lobe.   The primary outputs of the vestibular system are to the extraoccular 
muscles of the eyes and caudally through the spinal cord.  The medial longitudinal fasciculus 
sends outputs to CN III, IV and VI, maintaining the globe’s position in the orbit and the ability to 
maintain gaze in the face of head rotation.  The outputs to the spinal cord are through the 
vestibulospinal system, essential an anti-gravity tract facilitating mostly extensor muscles to the 
neck, trunk and limbs. 

Clinical Signs of Vestibular disease 
Certain clinical signs are inherent to any form of vestibular disease and are in some cases 
pathognomonic for the neurolocalization.  They include 

1. Head tilt 
2. Nystagmus (resting or positional) 
3. Vestibular Ataxia 
4. Ventrolateral strabismus 

These clinical signs emerge because of imbalance of vestibular input.  In the normal patient, the 
vestibular system is bilaterally providing input that when processed together yields the 
precision system of balance.  When one side is diseased and fails to provide normal input, the 
non-diseased side produces unilateral information and thus clinical signs often reflect the non-
diseased side rather than the diseased side.  Many of the clinical signs of vestibular disease 
would be absent in the animal affected bilaterally.  The precedent for this is seen mostly in cats 
with bilateral otitis media/interna.  They have no nystagmus, head tilt or ataxia.  Clinical signs in 
these patients include snake like movements of the head and a lack of normal vestibular-ocular 
function best assessed by evaluating the physiologic nystagmus (vestibulo-ocular reflex).   
 
Differentiating central vs. vestibular disease 
As previously stated, differentiating these diseases are essential for differential diagnosis 
creation and prognostication.  The differences are inherent to the adjacent structures that 
would be affected.  The peripheral component is in close proximity to CNVII and the 
sympathetic nerve to the face.  Thus facial paresis and Horner’s syndrome are commonly seen 
with this neurolocalization.  Central disease is in proximity to the sensory proprioceptive 



systems, the arousal centers and other cranial nerves.  Therefore, proprioceptive deficits, 
mental dullness and cranial nerve dysfunction (other than CNVII) are common with this 
localization.  Although simple in theory, distinction of central vs. peripheral disease can be 
difficult in practice as the clinical signs are rarely clear and completely present.  Should the 
vestibular cerebellum become diseased, these signs would point to a central vestibular 
localization, but often with conflicting sign sidedness.  This is known as paradoxical vestibular 
disease.  Postural reaction deficits are used to determine sidedness, as they are consistently 
ipsilateral to the lesion. 

 
Clinical Sign Peripheral Central Paradoxical 

Head tilt or circling Toward lesion Toward lesion Away from lesion 

Nystagmus Horizontal or 
Rotary, Non-

positional 

Horizontal, rotary 
or vertical, +/- 

positional 

Horizontal, rotary 
or vertical, +/- 

positional 

Mentation Alert +/- Mentally 
inappropriate. 

+/- Mentally 
inappropriate. 

CP Deficits No Ipsilateral Ipsilateral 

CN deficits +/- CN VII +/- CNs V-XII +/- CNs V-XII 

Horner's syndrome +/- Ipsilateral No No 

 
Differential Diagnosis of Vestibular Disease 
Creation of a differential diagnosis list is best approached by using the VITAMIN D scheme.  Common 
differentials for peripheral disease include infectious (otitis media/interna) and idiopathic, commonly 
seen in the geriatric patient.  More common central vestibular differentials include neoplasia, 
infectious/inflammatory (meningoencephalitis), vascular, and toxic (metronidazole toxicosis).   
 
Cross sectional imaging is a mainstay of diagnosing the cause of vestibular disease.  MRI has supplanted 
CT as the diagnostic modality of choice.  CT can adequately identify disease of the peripheral system and 
most specifically tympanic bulla changes.  However, beam hardening artifact limits the modality in 
evaluating the caudal fossa (central vestibular system).  MRI can image the entire system with superior 
contrast resolving ability.  Other ancillary diagnostics may include myringotomy/culture and brain 
auditory evoked potentials to evaluate the auditory component of CN VIII.  Treatment and prognosis are 
largely contingent on the etiology itself. 
 
 
 
 
 



Seizure Control 
 
Seizure disorders are extremely common in dogs with an incidence estimated as high as one 
percent of the pet population. The cause of these seizures is generally classified as structural, 
metabolic or idiopathic/heritable. Idiopathic epilepsy is by far and away the most common 
cause, representing 30% of all epileptics. Despite large advances in anatomic imaging, genetic 
characterization and surgical care, the understanding of the cause of idiopathic epilepsy is still 
in its infancy. However, many novel anti-seizure medications are entering the clinical arena with 
potential use in patients unresponsive to traditional medications such as phenobarbital and 
bromide.  
Managing seizure disorders presents a major challenge to the veterinarian, especially when a 
dog does not respond to standard (i.e., phenobarbital, bromide) therapy. Such refractory cases 
account for between 25–30% of all epileptics. It is very important for the clinician to inform the 
pet owner that most epileptic dogs do not reach seizure-free status; success is typically 
considered a reduction in the frequency and duration of seizures. Nonetheless, the goal of 
anticonvulsant therapy should be to eliminate seizure activity in the patient, or come as close to 
this goal as possible, without subjecting the patient to unacceptable side effects of drug 
therapy or the client to unreasonable financial burden. 
The primary concern in the emergent seizure patient with status epilepticus or cluster seizures 
is to stop the events immediately to prevent harmful short and long term sequelae. Regardless 
of the cause, attempts with benzodiazepines are appropriate to attempt to stop the seizures. 
The primary mechanism by which these drugs stop seizures is by enhancing the effect of GABA, 
the primary inhibitory neurotransmitter in the brain. The two drugs of this family are diazepam 
and midazolam. 
Diazepam is lipophilic and crosses the blood brain barrier relatively easily. It is predominantly 
administered either intravenously or intrarectally. The dose is generally 0.5-1 mg/kg per dose 
with multiple repeated dosing acceptable. Midazolam is in contrast a water-soluble 
benzodiazepine that was historically thought less effective than diazepam because of its 
solubility and sorter half-life. However, recent literature has demonstrated that intranasal 
midazolam is equally effective to intravenous diazepam with no need for  intravenous access. 
Intranasal midazolam is absorbed through the nasal mucosa and rapidly enters the 
blood and cerebrospinal fluid. At present, midazolam is more readily available and less 
expensive than diazepam. The general dosing for midazolam is 0.2mg/kg as needed. Both 
medications may be given as constant rate IV infusions for longer seizure control. 
If benzodiazepines are ineffectual, our clinical often chooses propofol as a secondary status 
epilepticus treatment. Propofol has rapid onset and short half-life, necessitating its use as a 
constant rate infusion. 
Propofol has electroencephalographic data documenting its burst suppression suggesting it is a 
potent anti- seizure medication outside of its anesthetic properties. It also has shown a 
synergistic effect with concurrent midazolam administration. Concerns with therapy include 
hypotension and hypoventilation, both of which must be monitored closely during treatment. 
 
After immediate seizures have been halted, the focus of therapy shifts both to identifying the 
underlying 



cause and initiating long term anti-seizure therapy. Regardless, if the inciting injury can be 
resolved, the patient will remain at long term risk for seizures because of the establishment of a 
“seizure focus”. At our hospital, the two medications that are more highly considered are 
phenobarbital and levetiracetam 
(Keppra). These two drugs are often considered first because of their onset of action, ease of 
administration, efficacy and manageable side effect profiles. Though other long-term anti-
seizure medications can be considered, such as potassium bromide or zonisamide, they are 
often considered secondary because of their later onset of action and intermediate efficacy, 
respectively. 
Phenobarbital 
Phenobarbital remains amongst the most effective anti-seizure medications. Though it does 
take an extended time to reach a steady state pharmacokinetics, with intravenous “loading” it 
can occur more quickly. The side effect profile is well known, but the drug is considered 
generally safe if monitored appropriately. 
- MOA 
o Primary mechanism of action is by decreasing seizure onset via enhanced GABA 
activated chloride conductance 
o Secondary mechanism of action is by decreasing seizure spread via reduced current 
through calcium channels and reduce glutamate-mediated excitation 
 
- T ½ 
o 24-40 hours 
- Metabolism/Excretion 
o Majority metabolized by the liver, with 1/3 excreted unchanged in the 
o Phenobarbital will induce hepatic microsomal enzymes (p450 enzymes) and it can be 
expected that elimination half-lives will decrease with time with concomitant reductions 
in serum levels 
 
- Side Effects 
o Behavioral: hyperexcitability, restlessness, sedation. Normally this is seen for the first 
few weeks of treatment   
o Immune mediated neutropenia or thrombocytopenia or anemia (these reversible blood 
dyscrasia occurs within the first 6 months of dosing) 
o Idiosyncratic hepatic reactions: RARE. Evidenced by a rapid elevation in ALT and 
abnormal bile acids – phenobarbital should be stopped immediately and another AED 
should be loaded and started 
o With chronic dosing, PU/PD is common and psychogenic polydipsia may develop. The 
most common serum biochemical changes include elevated alkaline phosphatase 
 
- Dose 
o 2.5-4mg/kg PO BID as a starting dose, with all future adjustments based on serum drug 
concentrations in conjunction with clinical assessment. Loading protocols often dictate 
a 3mg/kg dose hourly for 3-5 hours dependent on what the patient will tolerate. 
 



- Blood levels 
o Serial serum phenobarbital concentrations should be evaluated at 14, 45, 90, 180 and 
360 days, and every 6 months thereafter 
 
o Therapeutic range: 20-40mg/dl. The lower margin of the therapeutic range can be 
variable but with regard to the toxic end most neurologists do not recommend levels 
greater than 35mg/dl 
 
Keppra/Levetiracetam 
Recently, Keppra has graduated to a primary anti-seizure medication often used as first line 
monotherapy. The drug is considered effective, safe and with a wide therapeutic margin. 
Previous concerns of its use have included its frequency of administration and the potential for 
a “honeymoon effect” where its efficacy would be short-lived. Extended release formulations 
and recent literature that refute the honeymoon effect have obviated these concerns. The 
availability of Keppra in parenteral form has made it especially useful in emergent conditions. 
- MOA 
o Primary mechanism is by affecting the release of the presynaptic protein SV2A on 
synaptic vesicles/. It may selectively prevent the hyper synchronization of epileptiform 
burst-firing and propagation of seizure activity. 
 
- T ½ 
o 2-4 hours 
- Metabolism/Excretion 
o Predominantly renal clearance though there is some degree of hepatic metabolism 
which notably may be effected by concurrent phenobarbital dosing. 
 
- Side Effects 
o Mild sedation and ataxia. 
- Dose 
o 20mg/kg orally TID though multitudes higher can be administered, though with non- 
linear benefit. It is common for the author to administer doses at 60 mg/kg PO TID. 
Extended release formulation can be given at the same total daily dose (30 mg/kg PO 
BID) with similar dose escalations. Owners should be instructed that the extended 
release formulation should not be divided and it is not uncommon for the pill to be 
defecated unabsorbed. 
 
- Blood levels 
Ideal therapeutic range is 5-45ug/mL. However, because of the wide safety profile of the 
drug, even at higher doses, therapeutic monitoring is often not pursued. 
 
Bromide 
Though less often used in emergent scenarios because of its long half-life, Bromide is an 
effective 
anti-seizure medication with the benefit of being single day dosing. Intravenous formulations of 



sodium bromide are not often used for loading and more often rectal administration of 
potassium bromide is used if oral administration is not possible. While this was historically done 
rather frequently in patients with hepatic compromise that could not be administered 
barbiturates, the availability of levetiracetam has made it less common. 
- MOA 
o Primary mechanism of action is by decreasing seizure onset via enhanced GABA 
activated chloride conductance 
 
- T ½ 
o20-46 days 
- Metabolism/Excretion 
o Bromides are principally excreted by the kidneys 
- Side Effects 
o PU/PD, lethargy and mild ataxia 
o Pancreatitis and gastrointestinal intolerance have been reported but are infrequent 
- Dose 
o 40-60mg/kg PO SID 
- Blood levels 
o Measured 8-12 weeks after initiating treatment 
o Monotherapy: 1000-3000mg/l 
o With Phenobarbital: 1500-2500mg/l 
 
Zonisamide 
Zonsiamide has gained popularity as an anti-seizure medication because of its twice/day dosing 
schedule and low side effect profile. There is a paucity of evidence-based medicine that 
demonstrates 
its efficacy. The challenges of this drug in the emergent scenario are its lack of intravenous 
availability 
and significant drug interaction with phenobarbital as they share an enzymatic metabolizing 
system that 
can make simultaneous dosing unpredictable. 
- MOA 
o Primary mechanism of action is by decreasing seizure spread via reduced current 
through calcium channels 
o Secondary mechanism of action is by decreasing the seizure onset via enhanced sodium 
channel inactivation 
 
- T1/2 
o 15-20 hours 
- Metabolism/Excretion 
o Most of the drug is excreted via the kidneys into the urine, but about 20% is 
metabolized, primarily in the liver 
 
- Side Effects 



o Sedation, dry eye, ataxia, inappetence and vomiting – patients with a history of sulfa 
drug hypersensitivity should NOT be prescribed this medication 
o Renal tubular acidosis and liver dysfunction has been reported in dogs 
- Dose 
o 5-10mg/kg PO BID 
- Blood Levels 
o Currently, zonisamide levels are able to be evaluated at Auburn University. Target blood 
levels are 20ug/ml (10-40ug/ml). It has been reported that stable plasma concentrations 
are achieved within 3-4 days with oral administration of zonisamide 
 
CBD 
This is still a tricky area to navigate based on the position of the NC Department of Agriculture 
and FDA. Per the NCDA, “No products containing CBD, which make medical claims for use in 
animals, are approved for sale in North Carolina.” Per the FDA, “As of April 2019, hemp and 
hemp products may not be used in animal feed or pet food in the United States.” The AKC 
Canine Health Foundation funded a clinical trial to investigate the use of CBD for drug resistant 
epilepsy. In the study there were 26 dogs 
that were randomly assigned to the CBD group or the placebo group. After exclusions, 16 dogs 
were included in the study. These dogs were also on existing antiepileptic treatments. The dose 
of CBD was 2.5mg/kg BID. Two dogs withdrew from CBD group due to ataxia. The CBD group 
had a significant reduction in seizure frequency compared with the placebo group but dogs who 
had a ≥50% decrease in seizure activity (responders) were similar between groups. Dogs in the 
CBD group had elevations in serum ALP. Dogs with higher plasma CBD concentration had a 
lower seizure frequency. 
Cost of CBD based on study dosing for a 65lb Labrador: 
5mg/kg/day x 30kg = 150mg/day 
ABSC Organics X-Strength CBD Oil = $300 for 2400mg/30mL (80mg/mL) 
One bottle lasts 16 days = $600/mo 
ElleVet Sciences = $229.95 for 3000mg/60mL (50mg/mL) 
One bottle lasts 20 days = $356/mo 
 
Imepitoin (Pexion) 
Imepitoin (Pexion) is an antiseizure medication that has been used in approved and used in 
Europe for some time. Its mechanism of action is to partially activate gaba receptors and it also 
is a weak calcium channel blocker. Recently it has been approved for anxiety in the US and so it 
could be used off label ormay get approval as an antiseizure medication. A study in 2017 looked 
at long-term efficacy and tolerance to imepitoin. 54% of dogs had a ≥50% reduction in seizure 
frequency. In the study, dogs who were greater than 3 years of age seemed to respond better 
and it helped with dogs who tended to have cluster seizures. The current dosing 
recommendation is 10mg/kg BID with a 50-100% increase in dose within one week up to a 
maximum of 30mg/kg. In the study, the minimally effective dose was 19mg/kg BID. Both in this 
study and a report from the EMA, 25-30% of dogs do not respond to Pexion. The most common 
side effects with Pexion are ataxia, vomiting, polyphagia, and somnolence. These side effects 
are mild and generally transient. 
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Vision and Pupils 
 
Clinical signs involving pupillary and visual function are often an intimidating task.  However, 
the skill to understand where a lesion is based on these signs is essential for dictating proper 
diagnostic and treatment approaches.  To tackle neurolocalization of ophthalmic clinical 
problems, there are two rules the practitioner must be mindful of.  One is that there is a 
difference between reflexes and responses.  Responses are cortically mediated, meaning they 
require “consciousness” and are often learned behaviors. Reflexes are more simple circuits that 
do not require cortical input.  While reflexes are often thought of most commonly in the 
appendicular skeleton, there are several reflexes that utilize brainstem structures as their 
primary relay.  The second necessary concept is that in evaluating these tests there is always an 
afferent and efferent (sensory and motor- essentially an in and out).  The three commonly 
evaluated tests are the menace response, pupillary light reflex and palpebral reflex.  If the 
pathways of these tests are known, they can be overlaid with one another and the resultant 
convergent components reveal the location of the lesion. 
 
Menace Response 

1. Sensory component 
a. Input= Retina/photoreceptors 
b. Optic nerve 
c. Optic chiasm 
d. Optic tract 



e. Lateral geniculate nucleus (thalamic relay) 
f. Optic radiations 
g. Visual cortex (occipital and parietal lobes) 

2. Motor component 
a. Motor cortex 
b. Projection fibers to motor nucleus of CN VII 
c. Facial nerve (CNVII) 
d. Perioccular muscles 

 
The menace response is a learned response that is often not seen in the patient less than 16 
weeks of age.  It is important to recognize that this test is not an assessment of vision but only 
the ability to perceive an approaching object towards the eye.  An obstacle course is necessary 
to fully assess vision.  
The menace response requires functionality of the cerebellum.  Though the structure is not 
essential for vision, it likely plays a role in the “learned” component of the response.  A patient 
with cerebellar disease should be able to navigate an obstacle course adequately despite the 
lack of menace. 
 
 

 
 
Pupillary light reflex 

1. Sensory component 
a. Input: Retina/photorecpetors 
b. Optic nerve 
c. Optic chiasm 
d. Optic Tract 
e. Pretecal nucleus 

2. Motor Component 
a. Parasympathetic nucleus of CN III/Edinger-Westphall nucleus 
b. Cranial nerve III  
c. Ciliary ganglion 
d. Ciliary muscles of iris 



 
The pupillary light reflex has many points of cross connectivity.  The first occurs at the optic 
chiasm, where some of the fibers from the optic nerve decussate and others remain ipsilateral.  
The degree of decussation is species dependent and usually parallels the degree of stereoptic 
vision required.  In general, predatory animals have their eyes close together, with improved 
depth perception (stereopsis) and a lower degree of decussation/more shared fibers.  Prey 
species have their eyes father apart to scan a great visual field with poorer stereopsis and a 
higher degree of decussation/fewer shared fibers.  This is known as the Newton-Mueller-
Sudden law.  Other cross connectivity is noted in the brainstem at the level of the sensory and 
motor nuclei.  This is the reason for the direct and consensual pupillary constriction when a 
light is shone in one eye.  
 

 
 
Palpebral reflex 

A. Sensory component 
a. Mechanoreceptors in periocular skin 
b. Cranial nerve V (ophthalmic branch medial/ maxillary branch lateral) and 

corresponding trigeminal ganglia 
c. Pontine sensory trigeminal nucleus 

B. Motor component 
a. Motor nucleus of CNVII 
b. CNVII  
c. Periocular muscles 

This is a true reflex and required no conscious input.  However, the conscious component of 
facial sensation does often lead the animal to retract its head when the medial canthus is 
palpated.  In patients with CN VII motor dysfunction, the patient will often retract the globe 
without closing the eye utilizing the retractor bulbi musculature and CN VI.  To evaluate the 
sensory component, testing for nasal sensation is a good technique as well as assessing the 
masticatory muscle mass for the motor component of the trigeminal nerve. 
 



 
 
When overlaid, the common and divergent parts of the pathway can be studied.  Then the 
dysfunctional components can be identified and a differential list created using the VITAMIN D 
scheme. 

 
 
 
 

The Acute Lower Motor Neuron Patient 
 

Cases of acute lower motor neuron disease present diagnostic challenges, but when managed 
correctly can have rewarding results. The cases can often be diagnosed by tests clinically 
available to the savvy general practitioner without need for referral.   

The lower motor neuron unit is comprised of four parts: 



1. The motor neuron cell body or soma 
2. The neuron/axon 
3. The neuromuscular junction 
4. The muscle. 

These four entities are lumped together clinically as they serve as a functional unit, and disease 
of one part appears similar to disease in another.  Though most frequently evaluated in the 
appendicular skeleton (nerve and muscles of the limbs), it is important to remember that the 
motor unit is located and can be clinically investigated in other places, namely the face/ head, 
neck, trunk and perineal region.  Many of the cranial nerves have lower motor neuron function 
(ie. cranial nerve VII-the facial nerve innervates the somatic muscles of facial expression). 

Classic lower motor neuron signs include decreased tone, decreased reflexes and neurogenic 
atrophy with is considered acute and severe.  This is distinguished from disuse atrophy which 
takes longer, is less severe, and frequently afflicts muscle groups of different innervation.  In 
most cases of lower motor neuron disease, sensory function remains intact, but certain disease 
processes can afflict both motor and sensory systems.  Many of the lower motor neuron 
diseases also affect the autonomic system, or more specifically the parasympathetic system.  
This is not surprising as they share a common neurotransmitter, acetylcholine.  The difference 
lies in their receptors, with the neuromuscular junction comprised of nicotinic receptors and 
the parasympathetic post-ganglionic synapse being comprised of muscarinic receptors. 

Lower motor neuron disease can affect a single group of motor units or be generalized.  It can 
also be classified as acute or chronic.  Chronic LMN disease can be caused by a myriad of 
etiologies and is best evaluated using the VITAMIN D differential approach.  Fortunately, acute 
LMN disease has a shorter list of differentials.  They include idiopathic polyradiculoneuritis, 
myasthenia gravis, botulism and tick paralysis.  Acute LMN paralysis is often associated with a 
good prognosis with early diagnosis and the capacity for excellent supportive care when the 
patients reach their highest level of affectedness. 

Acute myasthenia gravis (MG) 
Myasthenia gravis typically causes exercise-induced weakness and can present similarly to the 
other acute LMN diseases.  The primary difference is that in cases of MG, spinal reflexes tend to 
be preserved.  MG often causes facial muscle weakness and depressed palpebral reflexes.  In 
cats, ventro-flexion of the head is a frequent clinical sign.  Megaesophagus is particularly 
prominent in this disease with regurgitation as a secondary consequence. 

The gold standard for diagnosis of MG is serologic identification of antibodies against the 
acetylcholine receptor.  The antibodies cause the junctionopathy and this test is extremely 
sensitive and specific.  False negatives are rare and are associated with lack of circulating 
antibodies or rare forms of the disease.  Edrophonium (tensilon) testing is a more immediate 
means of diagnosing MG.  However this test is non-specific with other acute LMN diseases, 
which can also improve with this anticholinesterase therapy.  For this reason results should be 
validated with the gold standard.  At the time of this proceeding Edrophonium is no longer 
commercially available.   Electrodiagnostic testing is available for MG (supramaximal repetitive 



stimulation and single fiber EMG), but is often not performed because of the serologic test and 
because the tests require anesthesia which can exacerbate the disease.  Chest radiographs are 
a good ancillary study to evaluate for megaesopahgus, aspiration pneumonia, and a cranial 
mediastinal mass, which is rarely reported as a causative feature. 

Treatment is generally a longer acting anti-cholinesterase and supportive care.  Cholinesterases 
are available in oral, and IV forms for cases with significant regurgitation.  Immune modulation 
is often used but caution must be exercised in the face of potential pneumonia.  Prednisone 
and Mycophenolate Mofetil are often used because of their effectiveness and quick onset of 
action. The prognosis is good if the dogs do not succumb to aspiration pneumonia. 

Idiopathic Polyradiculoneuritis  (IPRN) 
The disease is often referred to as Coonhound paralysis because the disease has been 
associated with an immune-mediated reaction to antigen present in the saliva of raccoons. 
However, most reported cases are not associated with animals that had any exposure to 
raccoons.   Polyradiculoneuritis is considered the counterpart of Guillain-Barré syndrome (GBS) 
in people, a similar immune mediated neuropathy that causes paresis and 
hyperesthesia/allodynia.   

In this disease, the ventral nerve root become inflamed through immune mediated attack and a 
severe lower motor neuron clinical picture ensues, usually in an ascending pattern.  We have 
seen multiple cases that present more spastic/upper motor neuron initially but quickly become 
lower motor neuron in 3-4 days after the onset of signs. One clinically unique feature compared 
to other causes of acute LMN is hyperesthesia of the distal limbs.  Often these animal will react 
to light touch with an exaggerated pain response, but this sign is only present in some cases.  
The hyperesthesia may be due to inflammatory affects on the adjacent sensory dorsal nerve 
root.  Rarely, these dogs will develop cranial nerve dysfunction as well with facial paresis and 
decreased gag reflexes reported. 

Diagnosis of is made on clinical impression coupled with cerebrospinal fluid analysis.  Of the 
acute LMN diseases, this is the only one that will cause CSF changes, most commonly 
albuminocytologic dissociation (elevated protein with a normal cell count).  The reason is that 
this disease affects the ventral nerve root which is intradural and bathed by the CSF.    A more 
definitive diagnosis can be made by an F-Wave electrodiagnostic study performed by a 
veterinary neurologist, which evaluates nerve function of the proximal nerve segment. 

Dogs will often recover within 3-5 weeks with physical rehabilitation and supportive care. 
Similar to GBS syndrome in people, corticosteroid treatment appears not to influence recovery 
rate.  That said, some dogs do not recover, either because of too severe a clinical onset or 
incomplete disease resolution.  There is evidence that intravenous immunoglobulin (IVIG) and 
plasmapharesis can shorten the duration of clinical disease.  Unfortunately, these treatments 
are often cost limiting. 

Botulism 
Botulism is a disease caused by toxins produced by Clostridium botulinum.  These bacteria are 



anaerobic, Gram-positive, and spore-forming. Several subtypes have been identified, based on 
the presynaptic protein they effect   All canine cases to date have been caused by toxin type C. 
Ingestion of the preformed toxin is known as food-borne-botulism and is the most common 
form of intoxication. Bacteria residing in a wound or in the gut can produce botulinum toxin, 
but this method of intoxication is not seen in the domestic animal. The toxin’s pathology is 
based on disruption of pre-synaptic proteins that prevent the exocytosis of acteylchloine into 
the neuromuscular junction.  Botulism is difficult to diagnose, with the gold standard being the 
mouse bioassay.  Ruling out the other acute LMN diseases makes the clinical diagnosis.  
Electrodiagnostic testing of dogs with botulism is poorly specific and usually not useful. 
Botulism is self-limiting and many animals will recover within three weeks. Treatment is 
supportive and spontaneous recovery will occur in many dogs if the amount of ingested toxin is 
low.  If dogs succumb to the disease it is usually because of respiratory failure or aspiration 
pneumonia.  The level of autonomic affectedness likely plays a role in prognosis as well. 
Antitoxin is generally contraindicated as the toxin is already internalized and bound. The 
prognosis is generally good with supportive care. 

Tick Paralysis 
Tick paralysis is a common cause of acute LMN disease in warmer climates.  The cause is a 
neurotoxin from an adult dermacentor tick in the US, which in Australia the nymph form of 
ixodes are more commonly described.  The neurotoxin disrupts calcium channels at the 
presynaptic membrane that prevent exocytosis of acetylcholine into the synaptic cleft. The site 
of the tick bite seems to dictate the severity of clinical signs, with neck and trunk bites being 
more severe than those on the appendages.  Clinical sings are usually only somatic in nature.  
Diagnosis is made by the identification of a single large female tick or response to quick acting 
acaracidals.    Dogs respond to tick removal quickly with resolution within 24 hours. The clinical 
signs are much more severe in Australian cases than those in the US.   

 

 Myasthenia Gravis 

Idiopathic 
Polyradiculo-
neuritis Tick Paralysis Botulism 

Weakness/ 
Gait Acute LMN Acute LMN Acute LMN Acute LMN 

Segmental 
Reflexes WNL Decreased Decreased Decreased 

Cranial Nerve 
Involvement 

dysphonia, 
Megaesophagus, CN 
VII 

Dysphonia, mild 
CN VII Dysphonia 

Dysphonia, 
Megaesophaus, 
Autonomic 

Hyperesthesia  X   



Big Mama Tick   X  

CSF WNL Increased Protein WNL WNL 
 
 
MRI-What’s the big deal??? 
 
Imaging the nervous system is a difficult task because of its residence in the hard bone of the 
skull and vertebral column, as wells as its opaque parenchyma and minimal variation in tissue 
density.  The introduction of computerized tomography (CT) and then magnetic resonance 
imaging (MRI) revolutionized veterinary neurology because of the ability to detect structural 
disease despite these obstacles.  Cross sectional imaging has the advantage of improved 
resolution over 2-dimensional imaging by eliminating summation and permitting partial 
thickness intra-cranial reconstruction.  Further, techniques that utilize protons rather than 
density take advantage of the more robust chemical differences present in neuroparenchyma.  
CT first and now MRI are the gold standard in structural imaging of the brain and spinal cord.  
That said, each technique has indications for different presentations and choosing the correct 
modality can mean the difference in arriving at a successful diagnosis. 
 
Although cross sectional imaging has changed veterinary neurology for the better with 
improved diagnostic power, it is important to remember structural assessments of the nervous 
system cannot replace the functional evaluation.  The primary functional assessment of the 
nervous system is a thorough physical and neurologic examination. Other functional 
assessments include electrophysiological techniques (EMG, EEG, ERG, BAER) and newer 
hemodynamic techniques (fMRI and Infrared spectroscopy).  Often structural disease is not 
accompanied with functional disorders (ie. Chiari-like malformations or hydrocephalus).  The 
inverse is also true in that functional disease may not have a structural correlate (idiopathic 
epilepsy).  For this reason these functional and structural assessments complement each other 
but cannot be evaluated in isolation. 
 
The term tomogram refers to any cross sectional modality.  These techniques include CT and 
MRI, but also ultrasound and advanced metabolic imaging techniques such as SPECT or 
ultrasound. 
 
CT principles 
 
CT uses the simple techniques of 2D radiography and through complex computations is able to 
reconstruct these images in cross sectional and 3D studies.  Images are acquired by rapid 
rotation of an x-ray tube 360 degree around a patient.  The transmitted radiation is then 
measured by a ring of radiation sensitive detectors on the opposite side of the subject.  An 
image is generated from these measurements on the premise that the density of the structures 
within the cylinder can be calculated when evaluated in combination.  Complex mathematical 



algorithms allow each voxel to be assigned a numerical value based on the level of attenuation 
occurring within that volume of tissue.  These units are known as Hounsfield units (HU). 
 
Hounsfield units range from -1000 for air and +3095 for the densest object than can be imaged 
by CT (compact bone).  Soft tissues of clinical interest generally range from -100 to +100.  In 
neuroparenchyma, the grey matter is +35HU and the white matter +45HU, explaining why the 
technique has difficulty discerning the contrast of these structures.  However, adjacent 
structures such as the ventricles can be easily imaged (HU=0).   
 
The human eye can perceive 32 shades of grey.  Therefore, for highest contrast resolution the 
goal is to maximize those shades to evaluate the tissue of interest.  Window level defines the 
middle of the tissue of interest.  Window width describes the range of HU displayed.  The larger 
the window, the more HU represented by each shade of grey, the lesser the contrast.  Soft 
tissue windows are smaller because the range of densities is lower when compared to bone.  In 
other words, a shade of grey in a soft tissue window may represent 3 different HU, while in 
bone a shade may represent 100HU or more. 
 
Contrast resolution is defined as the ability to display an image of an object that differs only 
slightly in attenuation compared to its surrounds.  CT has 10x better contrast resolution over 
radiographs.  However, the contrast resolution of CT for discerning neuroanatomical structures 
from each other and disease is poor.   
 
MRI principles 
 
MRI is different from other imaging modalities in that it utilizes protons (predominantly water 
content) to create images rather than density.  This is particularly of value in the brain and 
spinal cord, where density differences are minor compared to differences in water content. 
 
At rest in the normal environment, the protons of the body are moving towards entropy in a 
random arrangement.  MRIs created large magnetic fields, which cause these protons to align 
along an axis.  Though aligned, these protons are still rotating around their aligned axis, a 
process called precession.  The speed at which they precess is the same for all protons of the 
same valence as defined by the larmor equation.  Though precessing at the same speed, the 
protons are all out of phase with each other.  When a radiofrequency wave is applied to the 
protons, they are jarred out of alignment together and all develop the same phase.  With time, 
they return to their resting state in the magnetic field.  The speed at which this return to rest is 
dependent on the chemical characteristics in which the proton resides and can be measured.   
 
-The speed at which the proton returns to its resting axis is known as either longitudinal, spin-
latice or T1 relaxation 
-The speed at which the proton comes out of phase with the adjacent protons around it is 
known as transverse, spin-spin or T2 relaxation. 
 



The ability to weight the images on these and other proton characteristics allows for 
interrogation of the nervous system, to make the tissue or lesion of interest more conspicuous. 
 
CT indications compared to MRI. 
Although MRI has become the gold standard in neuro-imaging, there are several scenarios in 
which CT is indicated and perhaps preferable.  CT has greater spatial resolving abilities when 
imaging bone.  Because of this and its ability to create very thin slices, fractures can be easily 
identified.  3D reconstructions are superior with CT and allow for more global imaging of the 
bone as well as aid in surgical planning.    CT is also excellent at imaging hemorrhage, which will 
appear as hyper-attenuating 3 hours after a bleeding event and remain so for 3 weeks as the 
HU is directly proportional to the PCV of the bleed.  CT is inherently less expensive to purchase 
and maintain which translates to less expense and greater availability to the client.  Although 
MRI has become quite fast, acquisition times are shorter with CT which is essential for critical 
patients or those that can not tolerate anesthesia.  CT is less susceptible to metal artifacts 
compares to MRI, which can be important in projectile/shrapnel wounds.  
 
CT has some inherent deficiencies aside from its poor contrast resolution.  CT requires relatively 
large doses of ionizing radiation; Not frequently a concern in veterinary medicine.  CT is poor at 
imaging the caudal aspect of the skull/brainstem because of beam hardening artifacts.  In this 
case, the low energy photons do not pass through the petrous temporal bone proportionally to 
the high-energy photons and the computer gets conflicting information casting dark streaks 
across the brainstem. 
 
Low field vs. High field MRI. 
Magnets what produce a field 1T or greater are generally considered high field, with low fields 
being anywhere between 0.2-0.5T.  High field MRI have a superconducting magnet, which 
requires a cryogen to keep the system cooled and maintain low electrical resistance in the coil.  
These magnets requires special housing systems both to eliminate radio interference but also 
for protection from their attractive properties.  This size restriction and cost of maintenance 
limits their availability.   Low field MRIs are less costly and cheaper to maintain. 
The main advantage to High field MRIs over their low field counterparts is the time required for 
image acquisition.  The high magnetic field promotes faster proton relaxation and therefore 
multiple signals and averages are acquired in minutes.  High field MRI images have more 
information and higher resolution with smaller voxels.  Theoretically, low field MRI could create 
similar quality diagnostic images, but with acquisition times nearing hours to days!  There have 
been few studies in veterinary medicine comparing these different fields, but the human field 
literature demonstrated the poor sensitivity and specificity of low field MR over two decades 
ago and it is rarely used for neural imaging.  However, low field imaging maintains a role in 
extremity imaging for humans, as it does not require a closed bore system. (An advantage for 
the claustrophobic patient).  This advantage does not translate to the anesthetized veterinary 
patient. 
 



CT and MRI have their own inherent advantages and struggles.  Our experience is that they 
often work best in tandem or when one modality fails.  Future imaging techniques with MRI 
and PET are embracing the idea of combined structural and functional imaging. 
 
Advances in head trauma 
 
Head trauma or traumatic brain injury (TBI) is a common emergent presentation in both 
humans and animals.  In human medicine the recommendations are largely based on the 
guidelines from the Brain Trauma Foundation that provide meta-analysis of the large body of 
current literature for diagnosis and treatment of TBI. In veterinary medicine, the number of 
studies evaluating TBI is scant.  Many assessments of human TBI patients involve cognitive 
testing and do not translate to the dog or cat.  Most of the tests that evaluate basal neurologic 
function demonstrate the severity of the condition at a point beyond which intervention would 
prove successful.  Rapid and aggressive therapy is therefore essential.  Despite the lack of 
recent advance in TBI cases, most veterinary patients can have a reasonable prognosis with 
supportive systemic treatment. 
 
 
Intracranial physiology 
The Monro-Kellie hypothesis describes the intracranial space as a rigid volume with three main 
compartments: The brain, blood and CSF.  As the total volume is fixed, enlargement of one 
compartment or addition of a new compartment (ie.hematoma or tumor) necessitates the 
decreasing volume of another.    
The brain requires a fixed perfusion for the neuronal components to function adequately.  The 
total cerebral perfusion pressure (CPP) is a function of the mean arterial blood pressure (the 
pressure of blood entering the intracranial space) and the intracranial pressure (ICP), which 
opposes this inflow of blood.   
CPP=MABP-ICP 
In the normal patient, this equation is regulated by a function known as auto regulation.   Two 
types of autoregulation are mechanical and chemical.   In mechanical autoregulation, 
baroreceptors of the intracranial vessels detect an increase pressure and consequently 
constrict. Chemical auto-regulation controls vessel size by detecting proton (CO2) levels.  
Vasoconstriction occures when the patient becomes hypocapnic.  This effect decreases 
intracranial blood volume and consequently increases perfusion, but may have negative 
consequences on tissue vascular exchange.  
When intracranial pressure is low (<25mmHG), there is adequate compliance in the system 
where these autoregulatory changes can have volumes fluctuate without affecting pressure 
significantly.  However, should ICP raise up 25mmHG (such as in the TBI patient), these 
autoregulatory changes are ineffectual, because the system has reached the limits of its 
compliance and small volume changes lead to major pressure changes. 
The other consequence of an elevated intracranial pressure is the secondary effects that they 
exert on the brain compartment, eventually leading to brain shifting or herniation.  These shifts 
lead to neurologic dysfunction and death soon thereafter. 
 



 
Assessment of the patient: 
 
The Modified Glascow Coma scale (MCGS) was created to emulate the validated human 
correlate that grades TBI as mild, moderate or severe.  The test evaluates the animal’s 
mentation, motor function and cranial nerve reflexes and assigns a numeric value that 
correlates with prognosis.  Clinical signs of elevating intracranial pressure include postural 
changes, pupillary size and the Cushing’s reflex.  Miosis often represents forebrain dysfunction 
and mydriasis indicates CNIII dysfunction following brain herniation.  The Cushing’s reflex also 
demonstrates a systemic effort to correct acute ICP changes.  With elevated ICP, the body will 
increase MABP to maintain CPP.  Peripheral baroreceptors detect this pressure change and 
accordingly decrease the heart rate.  It is important to recognize that once these clinical signs 
emerge, the patients are considered severely affected. 
 
Imaging 
Cross sectional imaging is being used as a prognostic indicator with more frequency in human 
medicine.  In veterinary medicine, its prognostic value is somewhat unknown, but it can lead to 
changes in therapeutic direction, specifically the need for surgery.   
 

 CT MR 
PRO Speed 

Availability/affordability 
Less susceptible to motion artifact 
Less susceptible to metal artifacts 

Resolution of bone and blood 
3D reconstructive ability 

 

*Soft tissue resolution* 
Identify herniation 

Identifies hemorrhage 
 
 
 

CON Ionizing radiation 
Poor Soft tissue resolution 
Beam Hardening artifacts 

 

Time consuming 
Expensive 

Insensitive to fractures 

 
Treatment 
Therapy is geared at maintaining CPP by decreasing ICP and maintaining CPP.   More advanced 
therapy targets secondary brain injury, the downstream effects following the initial insult that 
can cause further injury (ie. Free radical formation, excitatory neurotransmitters, and 
inflammatory metabolites). 
 
To this point, two therapies have been definitively proven to improve patient outcome in the 
human field: fluid therapy and osmotic diuretics. 
 
Intravenous Fluids 
Hypertonic saline administration (4–5 ml/kg over 3–5 minutes) draws fluid from the interstitial 
and intracellular spaces into the intravascular space which improves blood pressure and 



cerebral blood pressure and flow, with a subsequent decrease in ICP.  Often colloid therapy is 
used in conjunction to maintain intravascular volume once the hypertonic solution has 
extravasated.  Balanced isotonic solution administration to maintain normovolemia follows this 
treatment to maintains MABP and CPP.   
Osmotic duirectics 
Osmotic diuretics such as mannitol are very useful in the treatment of intracranial 
hypertension. Mannitol has an immediate plasma-expanding effect that reduces blood 
viscosity, and increases cerebral blood flow and oxygen delivery. This results in vasoconstriction 
within a few minutes causing an almost immediate decrease in ICP. The better known osmotic 
effect of mannitol reverses the blood-brain osmotic gradient, thereby reducing extracellular 
fluid volume in both normal and damaged brain. Mannitol should be administered as a bolus 
over a 15-minute period, rather than as an infusion, in order to obtain the plasma-expanding 
effect; its effect on decreasing brain oedema takes approximately 15–30 minutes to establish 
and lasts between 2 and 5 hours. Repeated administration of mannitol can cause an 
accompanying diuresis, which may result in volume contraction, intracellular dehydration and 
the concomitant risk of hypotension and ischaemia. There has been no clinical evidence to 
prove the theory that mannitol is contraindicated in the presence of intracranial haemorrhage. 
There is contradictory evidence that the combination of mannitol with furosemide (0.7 mg/kg) 
may lower ICP in a synergistic fashion, especially if furosemide is given first. 

Oxygenation and Ventilation 
Hyperoxygenation is recommended for most acutely brain-injured animals. Partial pressure of 
oxygen in the arterial blood (PaO2) should be maintained as close to normal as possible (at or 
above 80 mm Hg). Supplemental oxygen should be administered initially via face-mask, as 
oxygen cages are usually ineffective since constant monitoring of the patient does not allow for 
a closed system. As soon as possible, nasal oxygen catheters or transtracheal oxygen catheters 
should be used to supply a 40% inspired oxygen concentration with flow rates of 100 ml/ 
kg/min and 50 ml/kg/min respectively. If the patient is in a coma, immediate intubation and 
ventilation may be needed if indicated by blood gas evaluations. A tracheostomy tube may be 
warranted in some patients for assisted ventilation. Hyperventilation has traditionally been 
known as a means of lowering abnormally high ICP through a hypocapnic cerebral 
vasoconstrictive effect. However, hyperventilation is a double-edged sword. Besides reducing 
the ICP, it induces potentially detrimental reductions in the cerebral circulations if the pCO2 
level is less than 30–35 mm Hg. The major difficulty with hyperventilation is our present 
inability to monitor the presence and effects of ischaemia on the brain. It is important that 
animals do not hypoventilate, and such animals should be ventilated to maintain a PaCO2 of 30–
40 mm Hg. Aggressive hyperventilation can be used for short periods in deteriorating or critical 
animals. 

Hyperventilation, Head elevation and Hypothermia. 

Though its efficacy is unknown, head elevation between 15-30 degrees is recommended to 
promote venous drainage, as it is a benign treatment.  Hyperventilation to reduce CO2 levels 
and promote intracranial vacoconstriction has little evidence support.  However, preventing 



hypoventilation is important and emphasizes the importance of providing the patients with a 
patent airway. Intubating the patient allows for a capnography and airway protection in the 
mentally debilitated patient.  The BTF suggests maintaining normocapnea.  Similarly, 
hypothermia was suggested but not adequately substantiated as a treatment with the goal of 
decreasing neuronal activity and subsequent excitatory neurotoxicity.  While hypothermia is 
preferable to hyperthermia, maintaining normothermia is ideal.  Other techniques to decrease 
neuronal activity, such as barbiturate coma are fraught with possible complications including 
decreasing MABP.  This technique is not recommended unless advanced monitoring with 
electroencephalography and continuous mean arterial blood pressure are available. 

Sugery 

Decompressive surgery  

Decompressive surgery for the sake of improving ICP elevations has poor evidence based 
support and should only be pursued in cased of progressive neurologic deteriorationg despite 
medical intervention.  However, ongoing compressive elesions, such as fractures or 
hematomas, can be removed to restore normal antomy. 

 
Despite the limited effective therapies available to the practitioners many dogs 
severely debilitated with neurologic dysfunction following TBI have a good 
prognosis with supportive care.  If animals  
 
 


