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THE  NEUROLOGICAL EXAMINATION

There is great variability in the neurological exam. Not only does patient size necessitate change in technique but also patient temperament, however with all patients much information may be gleaned by the casual observation of the patient while the history is being elucidated from the client. Overall mentation and awareness should be noted. Pacing, circling, head pressing, disorientation, seizures and aggression may all be signs of forebrain disease. If the patient circles left the lesion should be on that side. A brief sourjon out to the hall with a short observed walk may help in giving clues on what to look for prior to the detailed exam. A short course of stairs is also very helpful in bringing out subtle deficits.

The cranial nerves are next evaluated with some of them rarely having any abnormalities while other cranial nerves should become very familiar to the practitioner. Loss of smell is very rare. 

Loss of vision may be from many different etiologies some of which are based in pathology that is not neurological. The menace reflex (CN II and CN VII) is easily tested using an open hand with fingers spread to prevent the fanning of air against the face. If the patient were to feel the air flow against the skin then it would be CN V and CN VII that would be tested. Field of view and peripheral vision is tested with the dropping or throwing of cotton balls.

CN III, Oculomotor;  The oculomotor is motor to the iris allowing for pupil constriction and it is functional together with CN IV and CN VI in controlling the extraoccular musculature. By moving the patients head from side to side a physiological nystagmus or “Dolls eye” is elicited. Signals from the vestibular nuclei travel up the medial longitudinal fasciculus and influence the nuclei of CN III, CN IV and CN VI. 

Vestibular dysfunction, brainstem involvement or periocular pathology may all cause an abnormal or lack of normal physiological nystagmus. It is these same connections that drive the spontaneous nystagmus seen with diseases of the vestibular apparatus.

CN V or the Trigeminal nerve is sensory to the face and motor to the muscles of mastication. Deficiencies in this nerve may cause loss of sensation in any of or all three of the branches/areas supplied by the nerve, mandibular, maxillary and ophthalmic. The Trigeminal is also sensory to the cornea. Common enough in general practice is the patient presenting with an inability to close the mouth. The mouth hangs limply with a passive manipulation to close the mouth resulting in a jaw that just falls open. This loss of motor CN V must be differentiated from a patient that presents with an inability to open the mouth. In evaluating the cranial nerves remember that the cranial nerves, except for CN IV do not cross the midline but exiting ipsilaterally. 

CN VII is tested in concert with the trigeminal when doing the palpebral reflex (the examiner lightly touches the canthus of the eye then the patient blinks) or as part of the menace reflex (sees the menacing gesture then blinks) CN II and VII. Facial symmetry is important to look for as a clue to a CN VII deficit. 

CN VIII has two parts, cochlear and vestibular. The cochlear half may be tested with a very crude “Clap Test” i.e. stand behind the patient then clap your hands and see if the patient alerts. As a definitive test Brainstem Auditory Evoke Responses (BAER) may be done at referral centers. BAER testing is a very objective way to evaluate hearing and is sensitive even in patients under anesthesia. The vestibular component of CN VIII, if affected, will show signs of a head tilt (not head turn), circling, leaning, rolling and/or spontaneous nystagmus. The nystagmus may be of differing types, horizontal, rotatory or vertical. Peripheral vestibular lesions may have horizontal or rotatory nystagmus and the fast phase of the nystagmus will be in the direction away from the lesion. Central vestibular disease may have either horizontal or rotatory but pathonomonic for central vestibular disease would be vertical or positional nystagmus. In positional nystagmus the character may change with the position of the patient, this is why it is important to evaluate the eyes in each different position in which the patient is placed.

CN IX, CN X and CN XI are usually examined together. If the patient can eat and swallow normally then it may be presumed that their function is intact. In the exam room a squeezing of the larynx will often elicit a swallow thus preventing the examiner from having to stick his/her fingers down the animal’s mouth. Included in the history should be the question about any change in the animal’s voice since the vagus (CN X) innervates the vocal folds. CN XI is mentioned but of very little clinical significance. It is added here since the three nerves, IX, X, XI, exit the skull in close proximity through the tympanoccipital fissure. A lesion at this site would involve all three. CN XII the hypoglossal nerve is motor to the tongue and if damaged will cause deviation of the tongue with resultant muscle atrophy. This is a rare occurrence.

Postural Responses

These are called responses versus reflexes because to get the desired response the stimulus must travel to the brain, be interpreted then acted upon with the resultant physical movement. Most of these pathways consist of large myelinated fibers with very fast transmission times. Anatomically they are situated on the periphery of the spinal cord so as to make them susceptible to the first effects of compressive lesions. Conscious proprioception is that function that allows us to be cognizant of the spatial position of the body and extremities. Information from distal receptors travels up the peripheral nerve then up the spinal cord via the dorsal funiculi. These tracts are ipsilateral until they decussate just caudal to the pons before radiating to the cortex. Because of their location and fiber size deficiencies in conscious proprioception (CP) is often the first abnormality seen with disease of the spinal cord. A test for CP is the knuckling of the paw while supporting the patient’s weight. The normal animal will quickly replace the paw to the normal position. As with so many neurological deficiencies there may be only a partial loss, in this case one may turn over just two of the four toes thereby giving less stimulus to the patient. If the patient leaves the two toes the examiner may gently sway the animal’s body back and forth to accentuate the stimulus.

Hopping is an excellent way to elucidate subtle deficits. Holding the patient in front of you and having them face away from you. Holding up the rear end and holding up one fore limb move the patient in a lateral motion, patients do not hop medially! Now hold up the other forelimb as you move them in the other lateral direction. Spinning the patient around so they now face you this test may be repeated with the rear limbs. By altering the speed of lateral movement and by watching the character and strength of the patient’s placement a good evaluation can be made for laterality of lesions and severity of lesion. In really large dogs you may only be able to do hemi-hopping or hemi-walking but you can still evaluate for laterality and overall strength. Unconscious proprioception, that which allows us to walk and talk at the same time, is carried by the four spinocerebellar tracts. We already evaluated these when the patient was walked down the hall and we looked for ataxia. 

Segmental Reflexes, Upper motor versus Lower motor neuron disease.

With the patient in lateral recumbency and before even striking the first tendon or muscle belly, lightly grab the distal end of the limb. This should elicit a mild withdrawal reflex. By pulling on the limb the strength and overall tone of the limb may be assessed and the possibility of a lower motor neuron disease evaluated. The main reason we evaluate the segmental reflexes is for lesion localization. The segmental reflex is graded on a scale of 0 to 4. 0 is no reflex, 1 is a depressed reflex, 2 is normal. 3 is exaggerated/brisk and 4 is exaggerated/brisk with clonus. To simplify, answer if the reflex is there or not. If there is a loss of or decrease in the reflex then we must put a lesion in the reflex arc (ventral horn cell, peripheral nerve, neuromuscular junction, muscle, sensory nerve and dorsal nerve root). Knowing from which cord segment each reflex arises we may then track back to that location. If the reflex is brisk or exaggerated then we call that an upper motor neuron sign and look rostrally for the lesion. A paradox would be the “False localizing sign” where the lesion is caudal to the spinal cord segment. This is easily explained if you think about the quadriceps (patellar reflex) and the biceps femoris (sciatic reflex). Place a lesion in the sciatic and you effectively remove the antagonistic muscle to the patellar reflex, no antagonist gives a faster reflex. In the more common situation if the reflex appears brisk it is because it has lost the inhibition from the upper motor neuron. The lesion is rostral to the spinal cord segment of that reflex. Other reflexes that are evaluated and classed as upper motor are the Babinski and the Crossed Extensor. A positive or abnormal Babinski response would be when the examiner strokes the lateral plantar surface of the paw in a distal to proximal direction and the toes dorsiflex. The normal response would be no reaction. The crossed extensor is a reflex that is normally present however with loss of communication with the upper motor neuron the reflex becomes exaggerated. With the patient in lateral recumbency one rear toe is pinched giving a nociceptive stimulus, the contra lateral limb will reflexively increase in tone with a slight extension evident. With upper motor disease the contra lateral limb will have an obvious exaggerated extension. 

Fore limb reflexes are the biceps, which is the musculocutaneous nerve from C 6, 7 and 8.and triceps, radial from C 7, 8 and T 1.Remember that anatomically there are 8 cervical spinal cord segments while there are only 7 cervical vertebrae. 

The rear limb has the patellar reflex which is the quadriceps muscle innervated by the femoral nerve cord segments L 4-5 and the sciatic L 6, 7, S 1. The sciatic is evaluated by tapping the belly of the cranial tibialis (peroneal nerve) and the gastrocnemius (tibial nerve). Both the peroneal and tibial are branches of the sciatic. The sciatic is also evaluated when at first you elicit the withdrawal reflex in the rear limb. The tail and anus are looked at together. Lightly stroking or pinching the perineal area should cause a reflexive contracture of the anus. Pinching either the prepuce or the vulva should elicit a reflexive contracture of the anus. These maneuvers check the pudendal nerve, S 1-3. When in doubt of rectal tone a gloved finger and rectal examination can give more information.

Pain sensation. Saving this till last there are two levels of pain to be evaluated. First is superficial pain and this may be evaluated at the same time as the panniculus AKA lateral cutaneous trunci reflex. Giving a light pin prick to the skin first at the level of lumbo sacral then slowly moving cranially. The sensation is felt in the skin ascends the spinal cord then exits around T-2 to cause a perceptible contracture in the lateral cutaneous trunci muscle. This is especially helpful in delineating the level of a spinal cord lesion. The reflex will be absent if the stimulus to the skin is being given caudal to the lesion site.

Deep pain is that sensation we experience as deep throbbing unrelenting pain. It is transmitted by small non-myelinated fibers that are most resistant to compression hence they are usually the last to lose function. Deep pain is evaluated by using a strong instrument i.e. carmalts, and squeezing the bone of a toe. To have a positive response the patient must turn toward the stimulus demonstrating cerebral recognition. Remember that with a severed spinal cord the leg will still pull back because of the withdrawal reflex.

Once finished with the exam the examiner must “Place the lesion”.

PARAPARESIS/PARAPLEGIAPARAPARESIS AND PARAPLEGIA TC \l3 "PARAPARESIS AND PARAPLEGIA
Paraparesis (weakness in the rear limbs) and paraplegia (paralysis of the rear limbs) unaccompanied by signs of additional CNS disturbance suggests that the disease is located caudal to T2.  If the rear limb reflexes are intact, the lesion is between T2 and L3.  If the rear leg reflexes are diminished to absent, the lesion is between L4 and S2.  This can be refined further in that lesions between L4 and L5 result in loss of femoral nerve function, manifested as a decrease in the patellar tendon reflex and inability to support weight in the rear legs.  Lesions between L6 and S2 result in sciatic nerve dysfunction, reducing rear leg withdrawal, cranial tibialis muscle, gastrocnemius muscle and sciatic nerve reflexes.

The differential diagnosis of paraparesis and paraplegia include a number of congenital diseases, including vertebral malformations, various spinal cord malformations, multiple cartilaginous exostoses, lysosomal storage diseases, and breed-specific disorders.  Other disorders are similar to those which affect the cervical spinal cord including meningomyelitis (from various causes), degenerative disc disease, spinal cord trauma, fibrocartilaginous infarction, and neoplasia.  In some breeds, the differential also includes degenerative myelopathy.

Diagnostic ApproachDiagnostic Approach TC \l4 "Diagnostic Approach:

The neurologic assessment of patients with rear leg problems helps to confirm that the disease is neurologic in nature and its location.  Weakness can indicate neurologic disease, muscle disease or systemic illness.  On the other hand, reproducible deficits in proprioception usually is indicative of neurologic disease, whether knuckling, stumbling or falling or conscious proprioceptive deficits or dysmetria of unconscious proprioceptive dysfunction.  When deciding whether rear leg lameness is secondary to orthopedic or neurologic disease, examination of proprioceptive function can help make the differentiation.

Unlike cervical disease, there are several neurologic tests which can assist in lesion localization with TL disease.  If the lesion is between T2 and L3, Schiff-Sherrington syndrome may be seen.  Also, between T2 and L4 is the panniculus response, where superficial stimulation of the skin over the back results in stimulation of intraspinal pain pathways with the resultant contraction of the cutaneous trunci muscle.  Due to the overlap of sensory dermatomes, the panniculus response will be absent 1-2 segments caudal to the lesion

Thoracolumbar IVD DiseaseThoracolumbar IVD Disease TC \l4 "Thoracolumbar IVD Disease:

IVD disease can occur as a protrusion of the IVD (Hansen’s Type 2 IVD) with the dorsal annulus still retaining the disc material or as a herniation of the nucleus pulposus into the neural canal (Hansen’s Type 1 IVD).  The former (type II) is most common in non-chondrodystrophic animals (straight-legged dogs) and occurs as a result of age-related changes in the IVD.  As animals age, the water content of the IVD diminishes and the collagen content increases. This results in a decrease in the IVD elasticity, leading to degeneration of the annulus fibrosis and protrusion of the IVD.  Depending upon the location, this can result in spinal cord or nerve root compression and development neurologic signs.  The onset of signs increases with age, peaking around 8-10 years of age.  This type of IVD protrusion is uncommon before 5-6 years of age.

One the other hand, chondrodystrophic breeds of dogs are prone to the development of IVD (type I) herniation early in life.  In these breeds (including dachshunds, beagles, Pekinese, miniature poodles, cocker spaniels, Pomeranians and basset hounds), there is a metaplasia of the nucleus pulposus whereby the normal collagen fibers of the nucleus are replaced by hyaline fibers.  The hyaline fibers are less elastic than collagen fibers leading to degeneration of the annulus fibrosis.  The hyaline fibers during this degenerative process calcify, creating further inelasticity.  Due to the fact that the annulus fibrosis is thinnest dorsally toward the spinal cord, the least line of resistance for the degeneration and breakdown of the annulus is toward the spinal cord.  Ultimately, the annulus ruptures allowing the herniation of the degenerative nucleus into the neural canal, compressing the spinal cord.  Not only does the IVD material compress the spinal cord, but the degenerative material is irritative in nature.  The presence of the herniated material in the epidural space causes inflammation, furthering the swelling associated with the herniation.

Almost all chondrodystrophic dogs will show some degree of IVD degeneration within a year of age. Usually the onset is between 2-3 years of age with the peak incidence being between 4-6 years of age. IVD herniation is less common in the upper thoracic region due to the intercapital ligament which connects the rib heads and reinforces the dorsal annulus in that area.  Of the remaining spinal column regions, 20% of IVD herniations occur in the cervical region (C2-C7) with 80% of these at C2-3. 80% of the IVD herniations occur in the thoraco-lumbar region with 67-75% of these occurring at T12-13 or T13-L1.  The incidence rapidly dissipates cranially and caudally from the TL junction.  From L4 caudally, each disc has an incidence of around 2.5%.  Cervical IVD herniation will cause quadriparesis (or quadriplegia) while TL IVD herniations result in paraparesis to paraplegia.

In addition to location, the dynamic factor dictates the severity of clinical signs.  The amount of traumatic force imparted by a small amount of material traveling rapidly is greater than a larger amount going slow. In most cases of IVD disease, definitive treatment must be started before 24 hours in order to achieve the greatest success.  In some cases, this time is shorter.  Unfortunately, delaying treatment to see the outcome may preclude success.  We treat severe IVD disease as a medical and surgical emergency.  

Spinal trauma from a disc extrusion has two components, primary and secondary. The specific therapy depends on the grade of spinal injury.

Grade 1. The patients’ only symptom is pain. This is the earliest stage since only the meninges has pain nerve endings and at this point only the meninges is being involved.

Grade 2. The patient is paretic (weak and ataxic) but still walking. The compressive nature of the protruding disc is starting to affect the outer white matter of the cord. These white matter tracts carry proprioceptive information in large very sensitive fibers that are very susceptible to compression.

Grade 3. The patient is no longer walking but still has voluntary control of urination and if supported will have very weak voluntary motor movements. The patient may act uncomfortable and whine to go out or drag themselves to the door to urinate. Once outside they can voluntarily initiate urination. The cord compression is now affecting the motor fiber tracts found deeper in the cord parenchyma.

Grade 4. The patient is not walking nor does he have control of urination. Some classify grade 3 and 4 as paralyzed and more paralyzed. In both, the patient is not walking but does retain the ability to sense deep pain.

Grade 5. The patient is paralyzed and has no sensation of deep pain below the level of the lesion. Deep pain is evaluated by seeing the patient not only pull the limb back when the toe is pinched but also the patient must turn and look at the limb and or try to bite. There must be cerebral recognition! Once deep pain is lost the cord has suffered such compressive forces as to render ineffective those very small non-myelinated fibers which are most resistant to crush.

On the premise that the injury is of an intervertebral disc protrusion the following treatment plans are to be followed.

Grade 1. This requires only confinement. DO NOT reach for the steroids! If you want to relieve the discomfort then use an NSAID only. Be absolutely sure to strictly confine (crate or cage) for 3 weeks. Steroid use has been repeatedly shown to cause complications, create polypharmacy and increase the cost of hospital stays. In one study of dachshunds given steroids for CNS injury there was a higher incidence of GI complications, higher hospital costs but their hospital stay was no longer and neurologically they were better than the non steroid group 24 hours post op but no different at time of suture removal.

 Grade 1 patients generally will have a 100% recovery in 3 weeks. They are an outpatient unless there is a question as to possible progression in which case it is advisable to hospitalize and do serial neurological exams.

Grade 2. The same as for grade 1, absolute confinement if the process is not progressing. This therapy gives a prognosis of 84% recovery within 6 weeks. Steroids may be used with caution at a one-time dose only if the patient is seen within 8 hours of the initial insult otherwise steroids should be avoided. PEG (polyethelene glycol), a 30% solution given IV at 1 ml/pound twice over 24 hours may be used. PEG has not been shown to be of an absolute benefit however a multicenter study is currently underway to document its benefit. If it is longer than 72 hours since injury the benefit of PEG is doubtful.

Surgery?

In those patients presented as grade 2 and having decompressive surgery versus conservative care only, the recover rate improves to 95% and the recovery time is shortened to less than 2 weeks. Cost versus benefit is to be weighed.

Grade 3. Same as grade 2. The recovery percentages and time to recovery are the same as for grade 2. However if cost is not an issue surgery would be advised because of the extra nursing care required to maintain a non-ambulatory patient over a 6 week rehabilitation time versus a less than two week time.

Grade 4. Immediate surgery. Even at this grade conservative care will result in an ambulatory patient 81% of the time. Recovery time without surgery may take 9 to 12 weeks while with surgery it will be only 1 to 4 weeks. For many on fixed incomes or retired clients they may have the time but not the money. Conservative care is a viable option.

Grade 5. Immediate surgery. Conservative care gives only a 7% chance of recovery while surgery within the first 24 hours will increase that percentage to 64% chance of recovery. After 24 hours it drops to 50% and keeps dropping after that. The longer the compressive force stays on the cord the more permanent the deficit.

Remember: 

· When we say confinement it is confinement not just locked in the bathroom.

· No steroids! I know this will be hard for many but unless you see the patient in the first 8 hours post injury refrain from steroid use. Reach for NSAIDS and PEG instead.

· Try PEG, it’s not expensive; it can’t hurt and may soon be proven to help.

· If money is an issue many will recover with conservative care alone. Grades 1 through 4 have an approximate recovery rate of 81% with conservative care alone; they just take time and nursing.

· If surgery is indicated don’t delay, the deficits will only become more permanent.

*PEG Polyethylene glycol            Available from 

Westlab Pharmacy 

4410 Newberry Road Suite A5

352-373-8111

Info@WestlabPharmacy.com
Fibrocartilaginous InfarctionFibrocartilaginous Infarction TC \l4 "Fibrocartilaginous Infarction:

Even though animals do not suffer from to the same degree of vascular disease as human beings, infarction of the spinal cord with fibrocartilaginous material is not uncommon.  It occurs in any breed of dogs, but is most common in large breeds, such as Great Danes, Labrador retrievers and German Shepherds. It is believed that herniation of the nucleus pulposus takes place either into the vertebral body or the venous sinuses within the spinal column.  Since the vertebral body represents a vascular space communicating with the spinal venous system, the material gains access to the spinal veins.  These veins do not have valves, allowing the fibrocartilaginous material to flow up and down the spinal column. The pattern of infarction usually affects a quadrant of the spinal cord, although initial signs may affect more of the spinal pathways from inflammation and spinal cord swelling.  The infarction can occur anywhere along the spinal cord, but the cervical and mid- to lower lumbar spinal cord segments appear to be most frequently involved.

The presence of spinal cord infarction should be suspected whenever a patient presents with acute onset of paresis or paralysis which is markedly asymmetrical and there is no evidence of hyperpathia.  Vascular disease is generally acute and non-progressive.  In addition, the spinal cord contains pain pathways, but no pain receptors.  As such, strict diseases within the spinal cord without meningeal involvement are usually not painful.  Most of the other diagnostic tests will be within normal limits.  Occasionally, there will be evidence of hemorrhage on CSF analysis.  Spinal radiographs, do not demonstrate the disease, but may reveal other evidence of spinal column degeneration.  Myelography will be normal or demonstrate mild intramedullary swelling.  

The treatment of spinal cord infarction is that for acute spinal cord injury, using methylprednisolone initially.  I dose at 10 to 15 mg/kg. We also use PEG 30% 1ml/pound IV repeated in 24 hours.  Many cases will improve dramatically within the first week, although they will still improve over several months.  If there has been no improvement in the first week, re-examination and additional tests may be indicated.  Since usually only a quadrant of the spinal cord is affected, the patient will improve most on the unaffected side.  Reorganization will usually allow these patients to function adequately.  Spinal cord infarction from fibrocartilaginous material is a sporadic problem and, usually, does not reoccur. 

Degenerative myelopathy (DM)

DM is a degenerative disease of unknown etiology. Most often in German Shepherds but other large breeds affected. Generally over 5 years of age. Corgis have recently been described as having a specific homozygous allele predisposing to the disease. DNA testing is available via U of Missouri. Multiple etiologies have been implicated but none proven. Work done in the German shepherd breed is suggestive of an immune mediated disease. Some association with low serum levels of vitamin B12 and E however when these vitamins were supplemented no change in condition was noted.
Histologically most lesions are in the white matter of the thoracic cord with axonal and myelin loss. The clinical picture is of normal to hyper segmental reflexes in the rear with 10 to 15% of patients showing decreased to absent patellar reflexes. This is due to involvement of the dorsal root in that motor unit segment. Slowly progressive and non-painful there is a loss of proprioception and motor movement in the rear limbs. Urinary and fecal control is maintained. Eventually the fore limbs start to exhibit symptoms with progression to quadriplegia. Diagnosis is a diagnosis of exclusion. EMG will be normal; Cord Dorsum Potentials may have reduction of amplitude. Myelography and MRI will be normal. Dr.Clemmons at U. of Florida has developed a DNA screening test for DM. 

Treatment with ethylaminocaproic acid 500mg tid is costly and controversial. Vitamin E and B have also been advocated without any solid proof of effect.

Exercise has been shown to be the most beneficial. Prognosis is poor with a slow progression over 6 to 12 months, fortunately bowel and bladder control remains.

For more on this topic and its treatment with dietary supplementation see:

Web site of Dr. Roger Clemmons of University of Florida

 http://neuro.vetmed.ufl.edu/neuro/DM_web/DMofGS.htm 

or University of Missouri www.caninegeneticdiseases.net/DM/testDM.htm 

Anomolous vertebral malformation  

Hemivertebra, wedge vertebra, block vertebra and spina bifida result from improper or lack of normal closure of vertebral body ossification centers. Depending on which centers affected will give differing shapes of vertebra i.e. butterfly, hemi. The breeds affected are mostly screw-tailed, i.e. Boston, Pug and Bulldog* These deformities may be asymptomatic or they may result in scoliosis, kyphosis or lordosis which may be so severe as to cause spinal cord compression and neurological deficits compatible with lesion location. Diagnosis is often coincidental but is based on radiography and CT with CT 3-D reconstruction a very valuable tool. Unless there are neurological deficits there is no treatment needed, if there are deficits or if the condition is worsening then surgery is indicated. A warning here is that this surgery may result in disastrous circumstances because of resultant instabilities.

QUADRIPARESIS/QUADRIPLEGIAQUADRIPARESIS and QUADRIPLEGIA TC \l3 "QUADRIPARESIS and QUADRIPLEGIA
Quadriparesis (weakness and ataxia of all 4 limbs) and quadriplegia (paralysis of all 4 limbs) are common problems in all animals.  Once the neurologist, faced with an animal who has neurologic disease affecting all 4 limbs, has determined that the lesion is below the foramen magnum (meaning a spinal cord or peripheral disease), there are 4 possible anatomic locations for the disease process: 1) if there is UMN dysfunction in all 4 legs, the lesion is most likely to be in the spinal cord between C1-C5; 2) if there is LMN dysfunction in the fore legs and UMN dysfunction to the rear legs, the lesion is severe and involves spinal cord segments C6-T2; 3) if there is UMN dysfunction to the rear legs and “root signature” (lameness due to nerve root involvement) in the forelegs, the lesion is mild and affecting spinal cord segments C6-T2; or, 4) if there is LMN dysfunction in all 4 limbs, the lesion is due to a diffuse LMN disease.

In developing the differential diagnosis for quadriparesis, the basic mechanisms of disease must be considered along with the signalment and history.  Congenital diseases are not uncommon in the cervical spinal column of dogs.  These include agenesis of the dens (with resultant atlantoaxial subluxation), blocked vertebra, multiple cartilaginous exostoses, leukoencephalomyelopathy of Rottweilers, and hereditary ataxia of Jack Russell and Smooth-haired Fox terriers.  In older animals, degenerative intervertebral disc (IVD) disease, inflammatory meningomyelitis and neoplasia are not uncommon.  If the signs are symmetrical, then nutritional, metabolic and toxic diseases must be considered.  On the other hand, most asymmetrical diseases can be separated into their most likely causes, which must be included in the differential.  These causes are discospondylitis, meningomyelitis, IVD disease and neoplasia.

Diagnostic ApproachDiagnostic Approach TC \l4 "Diagnostic Approach:

Like the rest of the nervous system, the neurologic examination is the single most important diagnostic method to localize diseases of the cervical spine, providing an indication from which to make a tentative differential diagnostic list.  On the other hand, localizing diseases in the cervical spinal column to a specific spinal segment can be difficult, since tests like the panniculus response cannot be performed there.  Hyperpathia can be difficult to elicit and hyperesthesia is not easily mapped.  

The ancillary diagnostic tests for spinal cord disease are similar regardless of the cause and include the minimum data base, spinal radiographs, EMG, CSF tap and analysis, myelography and MRI.  The minimum data base will often be normal or may need to be expanded based upon the physical and neurologic examinations.  In older patients, routine chest and abdominal radiographs and abdominal ultrasound may help make a diagnosis of the cervical disease or assist in making the prognosis. Spinal radiographs may show signs of degenerative disc disease, congenital malformation, spinal arthritis or discospondylitis.  The later disease being the only disease diagnosis which can be made on plain spinal radiographs.  The other diseases will need additional imaging techniques to confirm that they are the source of the problem.  The CSF tap can help determine the presence of inflammation or infection in cervical diseases.  The problem of inflammatory myelitis is increasing, making CSF tap and analysis critical in assessing cervical neurologic disease.  Even when other neurologic conditions are identified, myelitis may be present.  Unfortunately, many patients are treated with corticosteroids before being adequately worked-up for cervical disease.  The work-up performed in the face of the steroids may be erroneous.  As such, surgical intervention may be performed, only later to discover the cause of neck pain was inflammatory meningomyelitis.

MRI can add diagnostic detail.  MRI may be important is assessing neoplastic disease processes, including nerve root tumors.  The sequence of diagnostic tests logically follows the pattern of minimum data base, EMG, spinal radiographs, CSF tap, and, finally, MRI.  If an accurate diagnosis is made along the way, the remaining test may not be needed.

MeningomyelitisMeningomyelitis TC \l4 "Meningomyelitis:

Meningomyelitis appears to be on the rise.  Twenty years ago, it was rare to diagnose meningomyelitis and most of these were secondary to canine distemper virus with the remainder being due to toxoplasmosis.  Today, it is almost impossible to deal with animals with neck pain and not be suspicious of meningomyelitis. For this reason, even with signs of early degenerative disc disease,  do not consider surgery until  have ruled-out meningitis. In the face on meningomyelitis, myelography can exacerbate the clinical signs and is, therefore, generally contraindicated in meningomyelitis.

The clinical signs of meningomyelitis are, generally, neck pain and asymmetrical neurologic deficits.  The deficits depend upon which pathways are involved in the disease process.  The signs are usually progressive, but may develop acutely.  In dogs and cats, the causes of meningomyelitis are, in order of likelihood, viral, inflammatory, protozoal, fungal, rickettsial and bacterial diseases.  The viral disease most commonly seen in dogs is canine distemper (even in vaccinated dogs).  In cats, feline leukemia virus (FeLV), feline infectious peritonitis (FIP) and feline immunodeficiency virus (FIV) are the most common viral infections.  Toxoplasmosis can occur in both dogs and cats, while dogs also may develop Neospora caninum infections.  Aspergillosis is not uncommon in dogs, while Cryptococcus is more common in cats.  Cats do not appear to have rickettsial diseases, but dogs have been shown to develop meningomyelitis from both Ehrlichiosis and Rocky Mountain Spotted Fever.  Titers for these agents should be performed on the serum and/or CSF when presented with meningomyelitis.

The diagnosis is made on CSF tap and analysis.  Generally, we approach animals with neck pain and quadriparesis by performing a minimum data base including a CBC, chemistry profile, urinalysis and appropriate radiographs. Once the minimal data base is evaluated, we proceed with anesthesia and CSF tap.  While this is being processed, spinal radiographs are taken.  If the CSF indicates inflammation by increase in cells and protein and the survey radiographs do not demonstrate significant findings, we then treat the inflammation rather than proceed with myelography or MRI.  Based upon the response to therapy, we reassess the need for further tests.  CSF titers are submitted for the relevant infectious agents providing confirmation of the specific disease causing organism.  In those cases where a specific disease causing organism can be found, the treatment is adjusted appropriately.  When no organism is found, the tentative diagnosis of inflammatory meningomyelitis is made.  Many newer forms of meningomyelitis are now recognized including steroid-responsive meningomyelitis.  This is usually associated with an increase in blood vessel fragility and may lead to an apparently blood-contaminated CSF tap.  On examination, however, there is a marked increase in non-degenerative neutrophils in the CSF.

Steroid-responsive meningomyelitis probably represents a form of vasculitis which results in inflammation in the CNS.  Conventional therapy with corticosteroids will not always resolve this condition, since steroids only suppress the symptoms of the disease.  Although some dogs recover from this disease.  Conventional therapy involves giving prednisolone at 1 mg/kg/day in three divided doses.  Once the signs resolve (usually within 72 hours), the dosage is reduced to twice a day.  This is further reduced to daily medication in the morning and, finally, to alternate day therapy.  

DiscospondylitisDiscospondylitis TC \l4 "Discospondylitis:

Discospondylitis represents an infection of the vertebrae associated with abscessation of the intervertebral space.  It may be secondary to a migrating foreign body; but, often, no specific source of the infections is found.  It is thought that, in most cases, there is a hematogenous spread of the infection which isolates into a degenerative disc.  Although some cases are associated with vegetative endocarditis, most do not demonstrate a source of infection.  It may be that agents enter through inflamed tissues associated with periodontal disease.  In cases where there is persistent or intermittent fever, blood cultures may provide information about the infection.  This is, however, less common than finding the organism in the urine.

The primary complaint in discospondylitis is pain at the site of infection.  In severe cases, quadriparesis and anorexia may be present with cervical discospondylitis.  The diagnosis is confirmed by routine spinal radiographs showing characteristic lysis and sclerosis of the adjacent endplates of the vertebrae.  This is one of the few neurologic conditions where the diagnosis can be made on routine radiographic examination.  The minimum data base includes a CBC, urinalysis (with culture), fecal examination, Brucella canis titer, and spinal radiographs. Chest radiographs and echocardiography may be indicated if there is a heart murmur.  Since the radiography changes may not occur until 2-3 weeks from the start of clinical signs, repeat radiographic examination is indicated when discospondylitis is high on the differential list.  The CBC may reflect changes consistent with infection (including neutrophilia) or be normal.  When concerned about the possibility of fungal disease. I usually perform a routine chest radiograph looking for discospondylitic-like lesions in the sternabrae.  When lesions are present in the sternabrae, most often fungal infection is the cause of the discospondylitis lesions.

The causative agents are bacteria (Staphylococcus, and Streptococcus are the most common, although Brucella can be occasionally be seen as a cause), and fungal (Aspergillus and Nocardia).  As such, the treatment and prognosis vary depending upon the organism causing the infection.  Brucella canis infection is not uncommon, but much less so than the other bacterial causes.  Fungal infections with Aspergillus do not respond well to antifungal drugs.  Recently, there have been reports of controlling the infection for extended period using itraconazole. By in large, the most common causes of discospondylitis are secondary to bacteria which can be treated using a combination of sulfa drugs (sulfadimethozine, 15 mg/kg every 12 hours) and either cephalosporins (22 mg/kg every 8-12 hours) or enrofloxacin (5-7.5 mg/kg every 12 hours). Radiographic repair usually lags behind remission of the infection; however, following the response to therapy and continuing therapy beyond the time of radiographic quiescence seems the best policy.  In cases which do not respond, the urine should be reexamined and abdominal ultrasound of the kidneys performed, looking for evidence that fungal disease was the real cause.  Rarely, the infection will result in bony compression or instability requiring surgical intervention.  Most often, spinal cord compression is the result of soft tissue inflammation which subsides quickly with appropriate antibiotic therapy.

Cervical Vertebral Malformation ComplexCervical Vertebral Malformation Complex TC \l4 "Cervical Vertebral Malformation Complex:

Wobbler’s disease occurs in young and old animals.  In young animals, it appears to be secondary to inherited malformation and mal-articulation of the cervical vertebrae in older animals, it appears to be secondary to chronic degenerative disc disease.  Although other large breeds can be affected, it is said to be a disease of young Great Danes and old Doberman Pinchers.  When a Doberman Pincher presents with signs of rear leg ataxia with “root signature” in the forelegs, there is a high probability that the dog has Wobbler’s disease.

The onset of clinical signs can be acute or slow and insidious.  There is evidence of ataxia in all four limbs with the pelvic limbs being more affected.  There will be both conscious and unconscious proprioceptive dysfunction with a wide-based stance in the rear legs.  The forelegs may show a stiff and stilted gait. The diagnosis can be suspicioned on survey radiographs of the neck, looking for narrowed IVD spaces and sclerosis of the demi-facets.  CSF analysis is usually within normal limits, although a small number of cases will show a mild increase in cells (4-10 cells/microl) and protein (25-35 mg/dl).  EMG can help confirm the location and the denervation of the muscles with fasciculations. The diagnosis in confirmed on MRI, which shows evidence of IVD protrusion and the presence of ligamentous or bony intrusion into the neural canal.  Since CVM represents a dynamic lesion, MRI or myelography with a mildly extended view is the diagnostic technique of choice. The treatment of CVM is surgery.  In cases where surgery is not possible (patient has complications or is elderly), medical management with prednisolone and diazepam may provide temporary relief.  However, in the absence of compelling reasons not to perform surgery, surgical decompression is needed.  There are several surgical techniques available to treat Wobbler’s disease including dorsal laminectomy, ventral slot and ventral slot with distraction (by various means).  In cases of multiple lesions, dorsal laminectomy is one method of choice. Dorsal laminectomy has risks and the success rate is the lowest of methods for correcting CVM.  In qualified hands, it is still a good technique.  The overall success is around 75% with a 20-25% morbidity and a 5-10% mortality. Large breeds do not tolerate dorsal laminectomy well.  Ventral slot is excellent for IVD protrusion, but increases compression from ligamentous hypertrophy.  In simple IVD protrusion, ventral slot has a 90-95% success rate with a 5% morbidity and <1% mortality. The morbidity and mortality increase for ventral slots when ligamentous hypertrophy is present.  When ligamentous hypertrophy is present, ventral slot alone is generally inadequate to correct the problem.  A number of techniques have been described to perform a ventral slot and maintain distraction across the IVD space.  

Following surgery, the patient should be kept quite for 30 days. After the first month, the activity level is gradually returned to normal.  Depending upon the severity of the initial damage, most patients will improve, reaching 80% of their recovery in the first 3 months.  There is a potential for the “domino” effect, whereby the IVD on either side of the surgery site will develop problems in 6 months to 2 years following the initial correction.  

Caudal Occipital Malformation Syndrome (COMS)



COMS is common in Cavalier King Charles spaniels and may also be seen in other small breeds. COMS is a developmental abnormality of the occipital bone that leads to compression of the caudal fossa and herniation of the cerebellum out the foramen magnum. There is the boney malformation and there may also be meningeal hypertrophy. This combination causes altered CSF flow dynamics with a resultant valsalva and “slosh” of the CSF. This action and combination of malformations result in syringohydromyelia.

This disease is very prevalent in the UK and is now being diagnosed more often in the USA. The mode of inheritance of this abnormality appears to be separate from that which codes for epilepsy in the breed. Selection for coat color has been shown to effect the prevalence of epilepsy and heart disease in the breed but as yet not with the Chiari malformation.

Age on presentation has ranged from 4.5 months to 13 years. There is no sex predilection.

Clinical presentation may be an asymptomatic patient but the most common symptoms are thoracic limb weakness (thoracic limbs worse than the pelvic), cervical spinal hyperesthesia and “air scratching”. This is persistent scratching at the neck and shoulder area often without touching the skin.  There may be torticollis and vestibular signs. Treatment is with steroids, this will put 67% of patients into remission. Acetozolamide, a proton pump inhibitor, is being tried with good success. Surgery for some is best option. The surgery involves a sub- occipital craniectomy with partial laminectomy of C 1, the meninges is also resected at this time. Prognosis is variable; in one survey by Dewey those patients that underwent surgery approximately 50% improved, however, many remained unchanged or worsened.

VESTIBULAR SYNDROMES

From an evolutionary aspect it was necessary for man/animal to be able to right himself before he was even able to stand upright; hence the vestibular component of the brain is contained within the oldest parts of the CNS. Although the cortex receives balance projections via the medial geniculate body the cerebral cortex does not maintain balance; balance is maintained by the rhombencephalon/hind brain. The neurons of the vestibular ganglion receive impulses from 5 sites: the crista ampullaris of the ampula of each of the three semi circular canals and the macula of the utricle and macula of the saccule. The crista record movement of the head while the macula record the static position of the head. These neurons synapse in the vestibular nuclei (there are 4 main nuclei) in the medulla. Neurons from the vestibular nuclei ascend ipsilaterally while others decussate then ascend. They project to the medial geniculate body and on the way give off multiple branches to the nuclei of cranial nerves III, IV and VI thereby giving a strong influence to eye movement. These ascending tracts are predominantly in the medial longitudinal fasciculus. There are also numerous projections into the ascending and descending reticular formation. Some of these descending reticular projections are involved in the vomiting and cardiovascular reactions which may occur in vestibular disturbances.
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Pendular nystagmus is a nystagmus that has equal moment in each direction. This is a “normal” in certain breeds of cats i.e. Siamese.

Idiopathic Vestibular Syndrome, aka Senile Vestibular Syndrome or Blue Tailed Lizard 

poisoning in the south. Typical signalment is a patient, 12.5 years of age with an acute onset of unilateral peripheral vestibular symptoms; head tilt, rolling/leaning, eye drop/ventral strabismus and/or 

nystagmus. There is no histological pathology. Diagnosis is based on the rule out of other causes of the vestibular syndrome; otitis media, otitis interna, trauma, etc. A minimum data base is important to rule out underlying disease such as compensated renal failure which may be exacerbated when due to nausea the patient is unable to take liquids orally. In the rare case serology may reveal RMSF, Lyme, E. Canis or Toxoplasmosis. Treatment is often symptomatic with O. T. C. Meclazine (Antivert) 25 mg P.O. daily and often protective cage/padding, or tranquilizers are indicated. In the older debilitated patient fluid support may be needed. There is no place for steroids. The prognosis is good with improvement coming in stages. The nystagmus is the first symptom to wane and with it goes the vertigo and nausea. This happens in the first 48 hours, thence becoming ambulatory. After complete recovery the patient may be left with a permanent slight head tilt.

Infections are a common cause of vestibular symptoms. Otitis media-interna gives symptoms of peripheral vestibular syndrome e.g. head tilt, nystagmus, leaning or falling against walls, ataxia and occasionally vomiting. If severe enough. There may be a Horner’s’ syndrome. Route of infection is usually by ascending the Eustachian tube to the middle ear with secondary inflammation affecting the endolymph of the semicircular canals, utricle and saccule. Penetration of the tympanic membrane may also be a source. Common organisms are Staph., Strep. and Pseudomonas. Diagnosis may be aided by visualization of a cloudy or darkened bulging tympanic membrane. Minimum Data Base (MDB) should include thoracic radiographs. Skull radiographs, if taken, should be as an open mouth view. Only 70% of the cases will have radiographic changes. C. T. or MRI are very useful since they give much better visualization of soft tissue and fluids.

The treatment depends on the severity. Given a first time presentation clean the external ear canal (be sure to avoid oily compounds and medications) then put the patient on 4 to 6 weeks of antibiotics. First choice is Enrofloxacin. Good second choice antibiotic is a cephalosporin. For the chronic case take skull radiographs and while anesthetized perform a needle myringotomy to obtain a culture and sensitivity from the middle ear then flush and clean the ear. For the extremely chronic case with radiographic changes of the bullae a bulla osteotomy or total ear ablation may be required. In all cases a residual head tilt may persist.

Central Vestibular diseases differ from peripheral vestibular syndromes by having a greater tendency to roll. Vertical nystagmus or a nystagmus that changes with head position may also be seen. There may be cerebellar symptoms, depression, long tract signs, i.e. loss of proprioception on the ipsilateral side. Other cranial nerves may be involved as well. Etiology may vary;  i.e. congenital in the Doberman, distemper (predilection for cerebellar peduncles), GME and to a lesser extent neoplasia (neurofibroma of the 8th cranial nerve). Central vestibular disease is diagnosed by physical and neurological exam, MDB (CBC, Chemistries), thyroid, serology, thoracic and abdominal radiographs, abdominal ultrasound, CSF and special imaging i.e. CT and MRI. A paradoxical head tilt may be seen with lesions in or about the cerebellar peduncles or flocculonodular lobe of the cerebellum. 

A recent article1. describes adult canines, predominantly Labradors, presenting with an acute onset of central vestibular syndrome. MRI was performed on a few of the patients and lesions compatible with vascular infarct was identified. All patients improved with thyroid supplementation. It was presumed that the elevated triglycerides caused the cerebrovascular disease. Thyroid screening should be a part of any vestibular patient’s data base.

Granulomatous meningoencephalomyelitis (GME) is an inflammatory disease of unknown etiology that may occur at a rate of 1% of all neurological disease. There are three forms of GME; disseminated, focal and ocular. Previous names for GME have been reticulosis, inflammatory reticulosis and neoplastic reticulosis. Pathology is limited to the CNS with perivascular cuffs of histiocytes, macrophages, lymphocytes, monocytes and plasma cells with sometimes neutrophils. These cells may produce granulomas and these granulomas may compress and/or invade nearby structures giving the symptoms of a focal lesion. 35% of GME is the focal form with lesions usually in the brain stem, especially the pontine medullary area but it may also be in the cervical region. 60% are the disseminated form. These lesions may be throughout the CNS but primarily in the white matter. The predilection is for brainstem and cerebral hemispheres. 5% of GME is the ocular form with lesions in the retina, optic disc and optic nerve. The common presentation of this form is Optic Neuritis, an acute onset of fixed dilated pupils with blindness. 

Etiology of GME remains unknown but a short illness is often a precipitating factor. There is an acute onset with rapid decline in condition. Clinical course is generally 3 to 8 weeks. Diagnosis is based on clinical signs and history however most conclusive are the CSF results. There is usually a CSF pleocytosis of 50 to 900 with a predominance of mononuclear cells with occasional neutrophils. CSF protein ranges from 40 to 400 mg/dl. The first phase of treatment is with steroids, Prednisone, 1 to 2 mg/kg bid. Once this becomes ineffective I switch to Cytosine arabinoside (Cytarabine). This has given longer survival times with fewer side effects. Cytarabine is dosed at 50mg/M2 (meter squared) given twice a day for two days in a row every 3 to 4 weeks. Another alternative treatment is Cyclosporin at 3-10mg/kg bid P.O. Cyclosporin inhibits cytokines that modulate macrophages and monocytes. Celcept (Mycophenolate) 20mg/kg P.O. bid has given some good results with its’ main side effects being GI. Once the patient is showing improvement the dose may be halved.

The prognosis of GME is guarded but dependent on the form of GME. In general 3 to 12 months before euthanasia due to lack of response to medication. The worst prognosis is with the disseminated and ocular forms. Best or longest survival times are with the focal form. I have had some patients survive past two years.

Deafness may be evaluated by performing brainstem auditory evoked responses. An audible click is delivered to the external ear and the nerve transmission picked up by electrodes placed in the scalp. Because of all the back-ground noise/transmissions, the signal must be averaged.

Peaks are generated by I the cochlear nerve, II the intracranial portion of   the cochlear nerve plus or minus the nuclei, III the dorsal nucleus of the Trapezoid, IV rostral pons and lateral lemniscus and V the caudal colliculus. Both amplitudes and latencies may be evaluated Used frequently to evaluate hearing in puppies. Testing is done at the age of 6 weeks or older. Normal hearing patterns are in place by 30 to 40 days of age. Congenital deafness is associated with lack of migration of Melanocytes to the area embryologically, Precursors of melanocytes migrate from the neural crest and share a capability of Tyrosine metabolism with other CNS cells. This lack of pigment cells is associated with a degeneration of the organ of Corti, its associated Hair Cells and a collapse of the sacculus

25% of Dalmatians may be deaf in one ear and 7% deaf in both.

1.   Higgins, MA, Rossmeisl JH, Panciera DL, Hypothyroid associated central vestibular disease in 10

 Dogs 1999-2005  J Vet Int Med  20; 2006; 20: 1363-1369

SEIZURES, ARE THEY ALL EMERGENCIES?

Seizures are a common part of general practice with 0.5 to 5.7% of all dogs and 0.5 to 1.0% of all cats having seizures. One author lists a high of 7.0% in cats with seizures. True epilepsy/Idiopathic epilepsy/epilepsy is defined as seizures of a nonprogressive, intracranial disorder, this may be inherited, acquired or idiopathic. Symptomatic epilepsy is seizures of a progressive intracranial disorder e.g. neoplasia/infection. Reactive seizures are those in response to or reacting to a change in the system i.e. hypoglycemia. Seizures may be of different complexities, the simplest being partial or focal. These are without impairment of consciousness. Complex Partial, aka psychomotor seizures (running fits) have serial complex movements and may have some impairment of consciousness. The most common seizure seen is the generalized seizure. It is typically of a tonic/clonic nature. Other forms of seizures are absence, myoclonic, tonic and atonic.  Generalized account for about 60% of all seizures in cats and 80% of those seen in dogs. Typically a seizure has four phases; prodromal, aura, ictus (active seizure) and postictal. Most patients have a normal interictal period  with some demonstrating distinct calendar rhythms. Status epilepticus is repeat seizures without interruption or with very short interictal periods. Cluster seizures are multiple seizures spaced over a day or two. Causes of seizures are many and varied.
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True Epilepsy usually begins at 6 months to 5 years of age and the breeds most commonly affected are Tervuren, Beagle, German shepherd, Keeshunden, Collie, Golden Retriever, Irish Setter, Saint Bernard, Cocker Spaniel and miniature Poodle.

There is no gender preference. In the history taking there are specific questions to ask the client; previous illnesses or trauma, family history, vaccination status, travel history and environmental. Ask the owner to describe what the seizure looks like, is it symmetrical? Also ask about frequency and duration. When did the patient have the first seizure? Are the seizures progressive or nonprogressive; is there a certain time of day? How long do the seizures last and what is the length of each phase of the seizure. Often seizures will cycle on 4 or 6-week intervals. Are there triggers that precipitated the seizure? i.e. the doorbell, parties, excitement. On the physical examination do not neglect the ophthalmoscopic exam since it may give clues of chorioretinitis due to distemper, FIP or hemorrhages etc. Cardiac auscultation may aid in the defining of syncope which may be confused with a seizure. Abnormal bumps and lumps need to be explored whether it is a hemagiosarcoma of the spleen or a palpable mass on the calvarium. Given the patient with seizures the findings of the physical and neurological exam may be consistent with the Cerebral Syndrome or may be totally normal. 

Minimum Data Base: Complete blood count, Serum chemistries with preferably a fasting blood glucose. MDB should also include urine analysis, radiographs of chest and abdomen and abdominal ultrasound, heartworm and fecal exam. Additional Diagnostics depend on the preliminary findings and the compliance of the owner. Tick titers and fungal titers may change with geography. Electroencephalography (EEG) is done rarely anymore however C.T., MRI, and CSF analysis are the mainstay. 

When is the need for an anticonvulsant? Based on variables such as the owner, seizure frequency, character of the seizures, cost, time, and monitoring capabilities the time to start anticonvulsant medication may vary greatly.

Remember that a proportion of animals will not be controlled despite medical therapy. This may be as high as 20 to 30% Selection of an anticonvulsant is not dictated by strict rules. Some use Bromide more with those patients who tend to cluster while starting with Phenobarbital is certainly acceptable and will achieve therapeutic blood levels sooner. In the canine my preference is Phenobarbital, bromide and then Keppra (Levetiracetam) in that order. In the feline I use Phenobarbital and then add Keppra 1. Always consider ½ lives when starting and/or stopping anticonvulsants. With Phenobarbital 60 to 80% of epileptic dogs may be controlled effectively at 2 to 4 mg/kg/day. The ½ life of Phenobarbital is 70 hours so steady state will not be reached until 10 to 15 days (steady states of drugs are usually achieved in 5 times the ½ life) Monitoring of drug levels is only a guide—ask your patient if it’s working. If the patient is still having seizures then they need more drug, take the drug to the toxic level before adding another anticonvulsant. The time of day that blood levels are measured is not critical what is important is not to use serum separator tubes when measuring Phenobarbital levels. A simple way to adjust the dose is use the equation;

          Desired Conc./ trough conc. X current amount being taken = new dose  

While on Phenobarbital the patients will have some expected alterations in their chemistries, T4 may be reduced by 50%, free T4 a 50% reduction, TSH a 50% increase and total T3 will have minimal reduction.  Liver enzymes will also be affected; ALT may triple, ALP may increase 7 fold, GGT has a minor change, Alb is unchanged and Cholesterol may increase by 50% all these changes are seen hematologically and when the liver is evaluated histopathologically there are few pathological changes observable.

Bromide has been used from the mid 1800’s.  40mg/kg/day for KBr, KBr = 67% bromide and NaBr = 78% bromide. Eliminated through the kidneys Bromide has no effect on the liver. The half-life of bromide in the canine is 21 days so steady state will be achieved in 3 ½ months. Bromides’ ½ life in cats is 12 days so steady state is achieved in 2 months. You may use analytical grade KBr mixed with distilled water to give 250mg/ml (60 grams KBr in 8 oz. of H2O)  If you compound this yourself there may be liability questions however it is a common practice. When using Bromide you want to obtain blood levels of at least 1mg/ml. Bromide is a salt so side effects are a salty taste, possible pancreatitis, megaesophagus and skin eruptions. In the cat the most troublesome side effect is an asthmatic like condition presenting as a cough, this necessitates discontinuation of the Bromide. In the diagnostic lab Bromide will falsely elevate Chloride determination since most machines see the Br as Cl.

Loading with Sodium Bromide i.v. may be done however I find it easier to do either oral loading via stomach tube or rectally at 400 to 600 mg/Kg bid for two days.

For Feline Anticonvulsants I use Phenobarbital at 3 to 5 mg/kg/day with monitoring levels the same as for dogs. Bromide may be used at 30-40mg/kg/day, the same as dogs but ½ life is only 12 days. Coughing is a side effect of Bromide in cats that is a reason that demands its discontinuation. Diazepam at 0.5 to 2.0 mg/kg divided tid may be used. The ½ life of Diazepam in cats is approx. 15 to 20 hours with up to 20% of cats not responding to diazepam therapy. Fatal hepatic necrosis has been seen in some cats with diazepam therapy.  When starting Diazepam therapy in cats it is advisable to check liver enzymes over the first few days. 

Keppra at 20mg/kg bid as a single drug or in combination with Phenobarbital at a reduced dose of 10 mg/kg bid has recently been published.1.

Zonisamide is a sulfonamide derived antiepileptic approved in 2000. It has a long half-life in dogs (15 hours) which allows for bid dosing at 5 to 10 mg/kg. With minimal hepatic metabolism 80% is excreted unchanged in the urine. Appearing to be very safe in dogs side effects may be transient sedation, ataxia and inappetence. One study had 58% of poorly responding epileptics having good control when Zonisamide was added to the regime. Costly it may be used as a tertiary drug.

An alternative or home therapy that may be of benefit is Rectal Diazepam. Rectal Diazepam will help avoid trips to the E-clinic. Injectable Diazepam is placed rectally with the aid of a plastic teat cannula while dosing at 1mg/kg. Rectally Diazepam is almost as effective as an i.v. Another alternative therapy is vagal stimulation. The client may achieve this by pressing on the eyeballs, this stimulates the vagal nerve. This has been shown to have some effect especially if done in the prodromal period. There was one series of patients with uncontrollable epilepsy in which vagal nerve stimulators were placed. These were generators with coils placed around the cervical area of the vagus. In these patients there was a 50% reduction in seizures however the stimulators cost over $10,000 and that that does not include the surgery to place them. Transection of the corpus callosum has been done surgically and has been attempted with radiation; the concept here is to prevent spread of the seizure. Acupuncture using straight needles or gold bead implants has been shown to be of a benefit, again resulting in about a 50% reduction. Hypoallergenic diets have helped some. The previous are all examples of small case series in the literature, none of which have been tested by large blinded case studies.

Children have been placed on a Ketogenic diet of low protein, low carb and high fat with some success. The diet is supposed to alter the pH to the acidic side with the possibility of the produced ketones mimicking GABA. The K-9 has a different type of metabolism much more resistant to fasting and is not as responsive save for experiencing diet induced pancreatitis.

Status epilepticus is repeated seizure activity that without intermission can lead to hyperthermia hypoxia, and acidosis. This is a medical emergency. 60% of epileptics will experience status at some time. Increased body weight has been shown to predispose to status. Where epilepsy will not normally shorten life span an episode of status will.

In treating Status Epilepticus of the patient that comes in the door all of the following take place almost simultaneously. Establish an I.V. and start fluids and obtain blood samples (especially for glucose). Get a history to rule out exposure to toxins etc.  Do a physical exam for wounds about the head, blood from the nose or ears and be sure to smell the patient. Is there an odor of uremia on the breath or an odor of insecticide on the fur? Take the temperature because seizure activity readily makes the body temperature go up. Often these patients are hyperthermic and are in need of cooling. Administer i.v. glucose 50% 2 to 4 ml/kg diluted 1:2 with sterile water, this is done as a test to help rule out hypoglycemia.  If the seizure is not stopping then give Diazepam—0.5 to 1.0 mg/kg i.v. Diazepam is a first pass metabolite so blood levels remain for only 20 minutes. If there is no response to Diazepam proceed to Propofol to effect then establishing a CRI of Propofol. An alternative to Propofol would be Pentobarbital, 3 to 15 mg/kg or to effect. This move will necessitate intratrachael intubation and constant monitoring with oxygen being supplied at the same time. You now have a critical care patient that may not be left when the clock hits five and everyone wants to head home! It is next to impossible to stop status with i.v. Phenobarbital If toxicity is suspect now is the time to perform gastric lavage with copious amounts of warm saline or water with the instillation of activated charcoal. If there was an initial response to the Diazepam then seizure control may be continued with just Phenobarbital. Phenobarbital given at 2 to 4 mg/kg I.V. repeat in 20 to 40 minutes as needed. Once control achieved give q 6 hours for 48 hours to establish a loading dose. Loading with Bromide is another alternative. Good time for rectal loading!

If 24-hour care is not available at your clinic then the client should be advised to transfer the patient to a 24-hour care facility where the patient may be monitored throughout the night. If the client declines this level of care then make note in the medical record.

When possible seizure patients should not be left in the hospital unattended.

