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Diseases presenting with lower motor neuron (LMN) signs are frequently seen in small animal veterinary practice in Australia.
In addition to the most common causes of LMN disease seen world-wide, such as idiopathic polyradiculoneuritis and myasthenia
gravis, there are several conditions presenting with LMN signs that are peculiar to the continent of Australia. These include snake
envenomation by tiger (Notechis spp.), brown (Pseudonaja spp.), and black snakes (Pseudechis spp.), tick paralysis associated with
Ixodes holocyclus and Ixodes coronatus, and tetrodotoxins from marine animals such as puffer fish (Tetraodontidae spp.) and blue-
ring octopus (Hapalochlaena spp.).Thewide range of differential diagnoses along with the number of etiological-specific treatments
(e.g., antivenin, acetylcholinesterase inhibitors) and highly variable prognoses underscores the importance of a complete physical
exam and comprehensive history to aid in rapid and accurate diagnosis of LMN disease in Australian dogs and cats. The purpose
of this review is to discuss diagnosis and treatment of LMN diseases seen in dogs and cats in Australia.

1. Introduction, History,
and Physical Examination

Lower motor neuron disease (LMND) broadly refers to
conditions that preferentially affect the motor nerve bodies
originating in the ventral horn of the spinal cord grey matter,
their axons, the neuromuscular junction, and the muscle
fibre.Disruption ofmotor unit function results in diminished
motor function (e.g., paresis or paralysis) of the affected
region, flaccid muscle tone, and diminished or absent reflex
arcs. Depending on the region and type of disease, this
change in function may be regional, such as megaoesophagus
seen in focal myasthenia gravis, or generalised, such as
tetraparesis with pharyngeal and respiratory muscle paralysis
that can be seen with tick paralysis cases. Lower motor
neuron disease is the result of a wide variety of underlying
disease pathologies. Immune-mediated targeting of nerves or
motor endplate is seen in myasthenia gravis and idiopathic
polyradiculoneuritis [1–3].

The importance of a good history cannot be overempha-
sized. As certain causes of LMND in Australia show a strong
regional distribution (e.g., tick paralysis), understanding the

lifestyle and recent travel history of the pet may assist in
shortening the list of differential diagnoses [4–9]. In addition
to travel history, other important questions include the fol-
lowing: recent history of antigenic stimulation (e.g., vaccine);
use of acaricides; onset, duration, and progression of clinical
signs; sighting of ticks or snakes in the pet’s environment;
history of similar, previous events; and history of raw or
undercooked animal products in the diet.

Neurolocalisation is a critical first step in identifying a
disease with a LMND component. A summary of clinical
abnormalities on neurologic exam and their relationship to
LMND is included in Table 1. The clinical findings of a
good neurologic exam are frequently enough to localise the
neurologic lesion to brain, brain stem, spinal cord segments,
or lower motor neuron. The common theme among all
neurologic abnormalities is the failure of the motor unit to
function normally, despite normal sensory input.

The clinical hallmark of lower motor neuron disease is
skeletal muscle weakness, although there are examples of
smooth and cardiac muscle involvement associated with dis-
eases affecting the lowermotor neuron [10]. LMNDweakness
is infrequently global, or involving all muscle groups equally.
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In most instances there will be a progression of signs with
the pelvic limbs being affected first followed by thoracic
limbs, oesophagus, and then cranial motor nerves to the face,
pharynx, and larynx [3, 11–15].Occasionally, disease is limited
to a specific region, such as oesophagus in myasthenia gravis
[3, 11, 13, 16]. Even less commonly, LMND signs may first
be seen in the thoracic limbs [11]. Gait abnormalities such
as goose-stepping, crossing limbs, spasmodic movements,
or head tilts and turns are not consistent with LMND and
disorders of the CNS should be considered.

It is important to keep in mind that in LMND the
sensory component of the nervous system is intact.Therefore,
patientswith LMNDhave intact nociception, proprioception,
and spatial awareness.The skeletalmuscleweaknessmay have
the appearance of ataxia, but with support these patients
will attempt normal responses to postural reactions and
positioning. Postural reaction and nociceptive testing are
important tools for differentiating LMND from spinal or
brain disease. Polyneuropathies affecting both motor and
sensory pathways may present with ataxia, and this may
be seen along with classical LMN signs. Another important
discriminator is that alterations in mentation and/or seizures
are always associated with forebrain disease and are not
consistent with LMND as a sole aetiology.

Assessment of ventilation parameters can be critical in
advanced or rapidly progressive LMND. Patients may be
tachypneic, but due to weakened diaphragm and intercostal
muscles the patient may be seriously underventilated. Dogs
with tick paralysis often demonstrate a classic expiratory
“grunt.” In the absence of severe pulmonary disease, iden-
tifying hypercapnia on venous blood gas sample is highly
suggestive of hypoventilation and is an indication for venti-
latory support. Lower motor neuron disease patients unable
to maintain adequate ventilation require rapid intervention,
possibly intubation with intermittent positive pressure venti-
lation or maintenance via mechanical ventilator.

Dysphonia, dysphagia, and megaoesophagus are charac-
teristics of some LMN diseases, especially with tick paralysis
and myasthenia gravis [15, 17–21]. Ptyalism, slow or absent
gag, slow or absent swallow on laryngeal palpation, and
regurgitation are all consistent with pharyngeal, laryngeal,
and oesophageal disease. As normal laryngeal function is
required for the reflex movement of the epiglottis to protect
the airway, patients with abnormal laryngeal function or
those with passive regurgitation are at extremely high risk
of aspiration. It is important that any patient with evidence
of dysphagia or megaoesophagus be maintained in sternal
recumbency with the head elevated at all time. As many
LMND patients are unable to support their heads, stacks of
towels or pillows may be required to keep the patient in an
upright position.

Nutritional requirements of dogs and cats with LMND
will vary depending on the severity of disease and the effect
on the animal’s ability to prehend food. In cases of focal or
pelvic limbweakness, appetite, drinking, and eliminations are
frequently normal. However, patients with laryngeal paralysis
or megaoesophagus may even benefit from a gastric or
nasogastric feeding tube in order to provide nutrition in the
face of an inability to prehend food. Any patient that is unable

to eat within three days or where the prognosis is such that
they are unlikely to be able to safely prehend food within
the next several days or weeks is a candidate for a supportive
enteral feeding catheter, for example, a percutaneous gastric
feeding tube.

The degree and duration of supportive care required for
animals affected by LMN diseases completely depend on the
severity of disease and expected duration of clinical signs.
Specific diseases are discussed in the next section. It follows
logic that the more support a patient initially requires in
hospital, the more prolonged their recovery may be. Cases of
polyradiculoneuritis, for instance, may require days to weeks
in hospital followed by weeks or evenmonths of home care to
fully resolve [11, 22, 23]. Some cases of tick paralysis respond
rapidly to tick removal and/or antiserum and may improve
from nearly lateral recumbency to normal ambulation within
24 to 48 hours [19].The prognosis associated with the various
LMND is discussed in the next section.

2. Idiopathic Polyradiculoneuritis

Idiopathic polyradiculoneuritis, or acute canine polyradicu-
loneuritis (ACP), is an ascending lower motor neuron paral-
ysis first identified in dogs in the southern United States after
exposures to raccoon saliva by way of a bite wound [24–26].
Identical signswere described in dogs not exposed to raccoon
bites and in these dogs the condition eventually became
known as idiopathic polyradiculoneuritis [11]. However, the
original moniker of “Coonhound paralysis” still persists even
though that only describes a specific subset of cases.

Polyradiculoneuritis is an immune-mediated disease that
can be triggered by a wide variety of stimuli, including vac-
cines, raccoon saliva, and some infectious agents (including
Toxoplasma gondii) [25, 27–30].The precise pathophysiology
is not known for all cases of ACP, but immune targeting of
gangliosides in nerve bodies and axons has been identified.
Anti-ganglioside autoantibodies are also seen in the human
disease Guillian-Barré, and canine polyradiculoneuritis is
seen as a homolog toGuillian-Barré in people [31].There is no
age, breed, or sex predilection associatedwith development of
ACP.

Diagnosis of ACP is made based on presenting clinical
signs and ruling out other cases of LMND.A complete history
and thorough tick-check are a necessary first step in ruling
out other common causes of LMND such as snake bite, tick
paralysis, or myasthenia. A Snake Venom Detection Kit may
be necessary to help rule out snake envenomation if there
is a high enough index of suspicion. Acetylcholine receptor
antibody titres are valuable to attempt to rule out acquired
myasthenia gravis. Toxoplasma gondii serology should be
considered in all cases of ACP diagnosed in Australia [29].

Clinical signs of ACP typically begin in the pelvic limbs
and slowly (over days) progress to involve the thoracic limbs
and cervical muscles. In severe cases, motor function to the
larynx and facial nerves is affected and dysphonia and absent
swallow are possible [22, 23, 28, 32–34]. Paralysis of respi-
ratory muscles is not common but possible. Motor function
to the perineum and tail are typically spared and ACP dogs
are able to wag their tail and perform normal, intentional
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urination and defecation [11]. ACP patients are typically
bright and alert. Megaoesophagus is not a characteristic of
ACP indogs.Hence, a lack of amegaoesophagusmay support
a diagnosis of ACP.

Although ACP is immune-mediated, immunosuppres-
sion is not advised. There have been no controlled trials
investigating this in veterinary patients, and this advice is
based on strong evidence in the human literature against
employing corticosteroids in the treatment of Guillian-Barré
[35]. The use of human intravenous immunoglobulin (IVIG)
has been investigated in one study, but the benefits of
immunoglobulin therapy were not clear [22].

The mainstay of treatment of ACP is supportive care
including nutritional support and physical therapy. ACP
patients have normal sensory input and attention should
be paid to provide adequately soft bedding and regular
repositioning to avoid sores and discomfort. Every effort
should be made to maintain sternal recumbency to facilitate
easier eating and interaction with their environment. It is
important to manage owner expectations as well in cases
of ACP. Complete recovery is common (barring significant
complication such as aspiration pneumonia) but can be
prolonged. Most patients will gradually recover within a few
weeks, but complete recovery may require several months of
supportive nursing care [11, 23–25, 27, 28, 33].

3. Myasthenia Gravis

Myasthenia gravis (MG) is the result of immune-mediated
targeting of the sarcolemmal acetylcholine receptors in the
neuromuscular junction. The resulting blockade and associ-
ated remodelling cause insensitivity to acetylcholine and a
failure of excitatory signalling to propagate to the myocyte
and a flaccid paresis/paralysis [3].

Myasthenia gravis can be seen at any age, but age at onset
of clinical signs is distributed largely along two peaks, with
one seen in young adulthood between two and four years
of age, and a second one later in life between the ages of
nine and thirteen [18, 21]. In dogs, MG is associated with
a mediastinal mass approximately 3.4% of cases, whereas
in cats the proportion is markedly higher with around half
(52%) of all MG cats in one case series having a concurrent
diagnosis of a mediastinal mass [36, 37].

There are known breed predispositions for MG in both
dogs and cats. Somali and Abyssinian breeds appear to be
overrepresented among cats and theAkita, GermanShepherd
dog, German Shorthaired Pointer, Newfoundland, and most
terrier breeds are overrepresented among dogs [36–39].

Presenting clinical signs can vary from mild to severe,
focal or generalised, and include weakness or paresis, col-
lapse, megaoesophagus, and dysphonia. Signs are commonly
more noticeable in the pelvic limbs. Owners typically report
exercise intolerance deteriorating into a short, stilted gait
which resolves after rest being a frequent complaint. In
one study, approximately 43% of myasthenic patients did
not have clinically detectable limb weakness at the time of
diagnosis [37]. Some dogs and cats will present with only
megaoesophagus or dysphonia and no evidence of limb
weakness [16, 20, 21, 39].

Myasthenia gravis has been reported as a paraneoplastic
syndrome associated with numerous tumours. Most com-
monly associated with MG are mediastinal masses, especially
thymoma, as mentioned above. However, various other sar-
comas and haematopoetic tumours have also been associated
with the onset of MG [40–43].

A definitive diagnosis of MG requires demonstration
of a positive antibody titre of greater than 0.6 nmol/L in
dogs and 0.3 nmol/L in cats to acetylcholine receptors [20].
Occasionally, patients presenting early in the course of
disease may have titres within the reference interval [44].
These patients may develop a positive titre if rechecked in 2-3
weeks. A very small percentage of tetraparetic or fulminant
MG patients may have a negative titre, but this is reported
as less than 2% [20, 45]. At the time of this publication,
the only location running ACh receptor antibody titre is in
North America and the turn-around time for testing a sample
from an Australian patient is close to three weeks. Therefore,
a presumptive diagnosis is usually required while awaiting
the definitive diagnosis. Because of the variety of clinical
presentations for acute MG it can be difficult to differentiate
acute, fulminantMG fromother causes of acute LMNDbased
on presenting signs alone. For instance, as many as 10% of
acuteMG patients may not present with megaoesophagus. In
such a case, fulminant MG may be difficult or impossible to
differentiate from ACP.

In cases where snake envenomation and tick are less
likely (or have been ruled out) and the index of suspicion
for MG is high, the clinical response to a test dose of
edrophonium or pyridostigmine may be a good diagnostic
option. Edrophonium has been unavailable on the Australian
market for some time. However, if available, it provides an
immediate, but very short lived, reversal of clinical signs in
most MG cases of mild to moderate severity. Edrophonium
is dosed at 0.11-0.22mg/kg IV once for dogs and 0.25-0.5mg
per cat. The effect is typically seen within seconds and lasts
less than two minutes. Alternatively, neostigmine bromide
can be administered at a dose of 0.02mg/kg given slowly
IV. The effects of a single dose of neostigmine are not as
dramatic as those seen with edrophonium, but a good clinical
response (increased strength, ability to walk) within 15 to
30 minutes would support a diagnosis of MG. Both drugs
must be used with caution in cats as they are more sensitive
to the cholinergic side-effects than dogs. Pretreatment with
atropine is recommended in all cats and should be kept on-
hand in the event of an adverse reaction in dogs shortly after
administration. It is important to remember that a positive
response to acetylcholine esterase inhibitor is not pathog-
nomonic for MG as other diseases of the neuromuscular
junction may also experience a transient response.

Treatment of MG in dogs and cats focuses on increasing
the amount of acetylcholine available at the neuromuscular
junction by inhibition of acetylcholinesterase enzyme. Pyri-
dostigmine bromide (Mestinon�) is dosed at 1-3mg/kg by
mouth every eight to twelve hours to start and the dose
may be slowly increased over a period of weeks if necessary
to see clinical improvement. Side-effects (nausea, diarrhoea,
salivation, and lacrimation) are usually mild and resolve with
time but are occasionally significant in some patients and
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require dose adjustments or concurrent administration of
atropine tominimise side-effects. Nutritional supportmay be
a challenge inMGpatients with concurrentmegaoesophagus.
Elevated feeding, slurry feeding, and even use of gastric
feeding tubes may be necessary to aid in passive movement
of food into the stomach and to limit the possibility of an
aspiration event.

Immunosuppression is not routinely necessary in mild or
focal cases ofMGand themyopathy associatedweakness seen
with high-dose steroid administration may only complicate
the disease [46]. However, in severe or refractory cases of
MG, immunomodulatory therapymayneed to be considered.
Corticosteroids such as prednisolone dosed at 0.5mg/kg/day
in dogs or cats is usually appropriate to start [20]. The
dose is conservative at first to avoid side-effects such as
muscle weakness but can be gradually increased over a
period of days and weeks if needed to immunosuppressive
dosing of around 1.5mg/kg/day. If enteral administration of
medication is complicated by megaoesophagus, parenteral
dexamethasone at 0.15mg/kg/day may also be considered.
Cyclosporine ormycophenolate mofetil may be an alternative
in patients where steroid use is contraindicated (diabetic, sep-
tic/pneumonia cases) [46, 47]. Azathioprine can be an excel-
lent adjunct therapy or even a good long-term monotherapy,
but slower onset of action may limit its utility in acute or
fulminant cases of MG [20, 48]. Additionally, azathioprine
is not appropriate for use in cats with MG as it is associated
with neuromuscular blockade in this species. In human cases
of MG, plasmapheresis and intravenous immunoglobulin
treatments are associated with clinical improvement, but
these therapies are not available, practical, or appropriate for
most canine or feline patients [49–52].

Spontaneous remission of disease is possible in cases of
MG in dogs. In fact, some reports suggest nearly 89% of dogs
may experience spontaneous remission [53]. Remission does
not appear to be a characteristic of the disease in cats [36].
Clinical remission of MG in dogs may occur within as little
as one month but on average occurs around six months after
diagnosis [53].

4. Tick Paralysis

Tick paralysis is not exclusive to Australia. The disease is seen
very infrequently in the Pacific Northwest and Atlantic South
East of the United states and rarely in Europe [15, 54, 55]. By
comparison, tick paralysis is fairly common in Australia with
one study describing over 3,400 cases in eastern Australia
over just two tick seasons, from September 2010 to January
2012 [56]. The disease is associated with toxins produced by
the salivary glands of hard-bodied ticks in the genus Ixodes,
specifically Ixodes holocyclus, coronatus, and neumann [4, 7,
15, 57–59]. This is in contrast to tick paralysis in the United
States that is associated with the genus Dermacentor [54, 55].
The exact mechanism of holocylotoxin-induced LMND is
incompletely understood. The effect of the toxin appears to
be focused on the presynaptic surface of the motor endplate
and appears to block calcium influx, thereby preventing
depolarization of nerve endings and propagation of signal
across the neuromuscular junction [12, 15].

Cases of tick paralysis show a very strong geographical
and seasonal distribution. The Ixodes ticks are distributed
along the east and Southeastern coasts of Queensland, New
South Wales, and Victoria, and roughly follow the native
habitat of their preferred bandicoot and possum hosts [7, 15,
17, 60–63]. Only the female tick has long enough mouthparts
to pierce and hold fast. Therefore, only females feed for a
long enough time to produce tick paralysis. This helps explain
much of the seasonality of tick paralysis with the numbers of
female ticks seeking large meals in preparation for egg laying
peak in the spring and early summer months. Tick paralysis
cases can be seen year-round, but nearly three-quarters of all
cases occur between September and December and a further
14% of cases over the summer months [17, 56].

Tick feeding behaviour is not a simple “attach and start
feeding” process. Over the first few days the tick will draw
blood in and out of her mouthparts as she prepares both
herself and the host’s local environment for a larger blood
meal. Over these several days, the amount of holocylotoxin
the salivary glands produce increases [15]. For this reason,
ticks typically must remain attached for several days to see
disease, with paralysis starting on the third day of feeding
and progressing on subsequent days. This also highlights
the importance of daily tick-checks and rapid-kill acari-
cides as effective preventative measures as they prevent tick
attachment long enough to allow clinical disease to manifest.
There are currently several acaricides on the market in
Australia with documented rapid kill of Ixodes species [64–
67]. Although no definitive studies have been published to
date, early evidence supports a possible effect of isoxazoline
parasiticides in decreasing the incidence of tick paralysis in
Australia [68].

Definitive diagnosis of tick paralysis is almost always
made based onfinding an engorged tick or a recent “crater” or
site where the tick was recently attached. When tick paralysis
is a likely differential, it is advised to clip all hair on the
body and perform a thorough search for embedded ticks.
Particular attention must be paid to the head and neck,
thorax, areas of skin folds (axilla, vulva, and groin), and the
interdigital spaces [63]. Successful treatment and a positive
outcome are impossible unless all ticks attached to the patient
are identified and removed. It is not necessary to find an
engorged tick as the offending tickmay be early in her feeding
or have finished her feed and detached prior to the onset of
significant clinical signs. Finding any tick or “crater” from
attachment is diagnostic. It is common practice to apply a
topical acaricide, such as permethrin or fipronil, to kill any
ticks that may have been missed during the search. These
treatments do not substitute for a comprehensive search and
tick removal as killing an already attached and feeding tick
is not as effective at resolving clinical signs as mechanically
removing the feeding tick.

The clinical signs of tick paralysis commonly start as
an ascending limb paralysis first noted in the pelvic limbs
and eventually involving the thoracic limbs. Involvement of
the larynx and oesophagus as well as paralysis of the facial
nerve is possible as the disease progresses [11, 15, 56, 63].
Advanced cases, particularly in cats, may see dilated and
unresponsive pupils as the oculomotor nerve is involved [62].
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Table 2: Clinical scoring system used to standardise the clinical severity of tick paralysis in dogs and cats. Adapted from Atwell et al., 2001.

Neuromuscular Score Respiratory Signs
1 Normal or mild weakness and incoordination A Normal
2 Ambulatory but with obvious weakness B Increased respiratory rate, but normal effort
3 Unable to stand, but can right self C Restrictive breathing pattern, gagging, retching
4 Unable to right self, moribund D Expiratory grunt, dyspnoea, cyanosis

Asymmetry in presenting signs is occasionally encountered
with thoracic limbs more affected than pelvic limbs or
right and left cranial nerves asymmetrically affected [14]. A
clinical scoring system for tick paralysis is commonly used
to standardise the assessment of tick paralysis patients [17]
(Table 2). This scoring system considers the motor function
(mild paresis through to lateral recumbency, graded 1-4) as
well as respiratory score (no respiratory problems through to
severe distress and cyanosis, graded A-D). Use of this scoring
terminology allows for efficient communication of disease
status between clinicians. Additionally, accurate staging can
assist in formulating a prognosis for recovery, as discussed
later in this section [17, 56, 62, 63, 69].

Treatment of tick paralysis requires removal of the offend-
ing tick (as described above), supportive care of the patient,
and, in some patients, administration of tick antiserum
(TAS). There are no clear-cut guidelines for when TAS
is indicated in cases of tick paralysis. In one nationwide
retrospective study, TAS was used in less than 2% of all
cases [56]. This study did not report the tick clinical score
of these cases and it is unknown if the low rates of TAS
administration were due to a predominance of mild cases or
other reasons such as financial constraints. This is in stark
contrast to a recent retrospective cohort study of 2077 cases
of tick paralysis over an eight-year period. In this study, TAS
was administered in 95% of the 1742 feline cases where 5-
day mortality was known [63]. This study also reports a 4-
fold reduction in risk of death when TAS was administered
as a part of comprehensive therapy. The authors use the very
loose guideline that TAS administration should be discussed
with the owner and considered in all tick paralysis patients
regardless of stage. However, risk of TAS for some patients
remains high enough that these risks may outweigh the
benefits in certain patients (e.g., a cat with mild ataxia or
previous history of TAS exposure).

The risks of TAS administration include anaphylactic
reactions and the Bezold-Jarisch (BJ) reflex [56, 70]. The BJ
reflex is a vagally medicated response secondary to direct
chemical stimulation of cardiac receptors. Because of this
response, it has been advocated to premedicate with atropine
prior to administration; however, this recommendation has
changed over time and it is common for practitioners to use
no premedication prior to administration of TAS [56, 63, 70].
Adverse reactions to TAS have been reported in as many as
9% of cats and 3% of dogs [63, 70]. Anaphylaxis is a serious
complication of TAS administration, and for this reason it is
recommended that TAS be administered slowly over the first
15 minutes and the patient monitored closely.

Survival rates for most cases of tick paralysis are quite
high. Although occasional cases progress to severe disease

(Stages 3 and 4, C and D) the majority of cases remain
clinically stable or respond quickly to TAS and complete
resolution of disease is seen over a period of days [17, 56, 62].
Overall survival rates of upwards of 95% are reported in the
literature [56]. However, for patients requiring mechanical
ventilation or those experiencing severe complications such
as aspiration pneumonia, the prognosis for survival is much
more guarded [63, 69].

Due to the varying severity of tick paralysis cases, there
is no blanket dose rate of TAS that can be used for paralysis
cases. The manufacturer (AVSL) recommends administering
TAS at a rate of 1ml/kg in stage 1A-2B cases of paralysis;
however doses of up to 4.0ml/kg may be required. TAS
should be allowed to warm to room temperature and then
diluted 1:1 with normal saline and administered slowly (over
15-20 minutes) via intravenous route in dogs. In cats, the
diluted TAS should be administered more slowly, with a small
amount given intravenously over the first 15minuteswhile the
patient is closely observed for evidence of an adverse reaction.
The remainder of the dose can then be administered over 30-
60 minutes.

5. Snake Envenomation

There are several species of venomous snakes in Australia
with venom capable of producing neurologic signs consistent
with a lower motor neuron blockade. Nationwide, the most
common species responsible for snake bites in small animals
are the eastern brown snake (Pseudonaja textilis), western
brown snake (Pseudonaja nuchalis), tiger snakes (Notechis
scutatus), and red-bellied black snakes (Pseudechis porphyr-
iacus) [71–76]. Of these, venoms of the tiger and brown
snakes are most likely to produce neurologic signs [8, 72–
75, 77–79]. Anecdotally, envenomation from the whipsnake
(Demansia spp.) is also associated with neurologic signs
in dogs, although there are no case series reported in
the literature. The most commonly encountered species of
snake envenomation will depend largely on the geographical
location of the patient at the time of the bite. In one 2005
survey of snake bites of animals treated by veterinarians in
New South Wales it was reported that over 40% of snake
bites were due to brown snake [72]. An older survey of snake
bites in Australia reported over 76% of snake bites treated
nationwide were the result of brown snake envenomation
[78].

The venom of each of these snakes is a heterogenous
mix of toxic compounds and therefore envenomations are
infrequently associated with only a single clinical sign [8].
Depending on the dose of venom delivered to the patient,
the species of snake, and age of the snake, dogs and cats may
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present with only weakness and ataxia consistent with lower
motor neuron blockade. Neurologic signs are due to both
pre- and postsynaptic neurotoxins, inhibiting acetylcholine
receptor activity and/or release of acetylcholine vesicles from
the nerve terminus [75, 80].

Patients presenting with bites from brown snakes fre-
quently have both neurologic and coagulopathic signs [8, 75].
The venom of juvenile brown snakes is almost exclusively
neurotoxic, whereas in adult snakes the venom is both neuro-
toxic and coagulopathic [81]. Tiger snake bites are frequently
associated with neurologic (LMN) signs [71–74, 77–79, 82].
Although black snake venom can produce neurologic signs,
it is much more likely to producemyolytic and coagulopathic
signs in addition to any neurologic signs in a dog [8, 76,
80, 83]. The presence of a neuropathy with a concurrent
coagulopathy or myopathy is most consistent with snake
envenomation. Confirmation of snake envenomation can
be made with a Snake Venom Detection Kit (SVDK) (CSL
Limited, Victoria Park, Australia) using a swab of the bite
site, serum/plasma, heparinised whole blood, or urine as the
sample. A study in cats showed that plasma is themost reliable
sample for detecting envenomation with a SVDK if the bite
occurred within the last 8 hours, or urine if the bite occurred
greater than 8 hours ago [84]. This is due to a delay of up to
eight hours for the toxin to be filtered into the urine by the
kidneys. In this same study, venom could be detected in a
plasma sample within the first seventeen hours, but venom
in the urine was detected up to 48 hours after bite.

There are no veterinary studies investigating the variation
of clinical signs associated with various species of snakes
within a genus or in various geographic regions. Even among
members of the same genus, there can be considerable
intra- and interindividual variation in venom composition
[5, 85]. In one case series study in human brown snake
envenomations across Australia there was no difference in
clinical signs, severity of disease, or deaths when cohorts of
cases from various regions were compared [86]. Anecdotal
reports by veterinary emergency and critical care specialists
familiar with brown snake envenomation from both eastern
and western brown snakes report that cases associated with
eastern brown snake seem to be more likely to have a
slightly delayed presentation of neurologic signs (up to 36
hours) as compared to western brown snake bites that appear
to present much more rapidly with neurologic signs. The
delayed presentation complicates diagnosis as the SDVKmay
be negative when assessed more than 48 hours after the bite.

As with other causes of LMND, treatment will largely
depend on the severity of LMN signs and may include
ventilator support, nutritional support, and nursing care
while the clinical signs improve. Unless the offending snake
was seen and positively identified, it is always preferable
to obtain a definitive identification via the SVDK so that
antivenin therapy can be as specific as possible.

Using monovalent antivenin is preferred as it is more effi-
cacious and cost effective and has less risk of adverse reactions
due to the smaller volume required for treatment as compared
to polyvalent. The commercially available antivenin for vet-
erinary use is formulated from hyperimmune equine serum,
with each vial containing enough antibody to neutralise the

average amount of venommilked from a snake of that species
(package insert, Brown Snake Antivenom, AVSL, Lismore,
Australia). The amount required, however, will depend on
the amount of venom received by the patient [72]. The
SVDK provides genus-specific identification of toxin, thereby
allowing the practitioner to select the most appropriate
monovalent antivenin.

The method of administration of antivenin may depend
slightly on manufacturer instructions. Generally room tem-
perature antivenin is diluted with a balanced electrolyte
solution (e.g., Hartmann’s) at a dilution of 1:10 and then given
slowly via intravenous route over 15-30 minutes [72]. The
major risk following antivenin administration is anaphylaxis
and patients should always be carefully monitored during
administration. Those patients who have already received
antivenin are at greater risk of an adverse reaction. A delayed,
type-III hypersensitivity has been recorded in humans, but
has not been recorded in dogs [72]. Premedication with
atropine, epinephrine, or a corticosteroid is not recom-
mended.

Prognosis for survival of snake bite envenomation in dogs
and cats is good but depends on severity of clinical signs,
accurate identification of the snake involved, and treatment
with appropriate antivenins. Seventy-five percent of dogs and
91% of cats treated with antivenin survived as compared
to only 66% of cats and 31% of dogs that did not receive
antivenin in one retrospective study [78]. Another survey
suggested that overall survival of snake bites in dogs and cats
treated in New South Wales veterinary hospitals was seen in
approximately 63, 70, and 84% of cases of tiger, brown, and
red belly black snake, respectively [72].

6. Tetrodotoxin

An infrequently encountered but important cause of LMND
inAustralian dogs is ingestion ofmarine animals, particularly
puffer fish or blue-ringed octopus, containing tetrodotoxin.
Tetrodotoxin is not exclusive to puffer fish or blue-ring octo-
pus, as the toxin has been identified in some terrestrial frogs
and newts aswell as severalmarine sea stars and sea slugs [87–
89]. Interestingly, tetrodotoxin is not a direct product of the
organism, but rather a product of commensalmarine bacteria
within and/or ingested by the animal (e.g., puffer fish) [90].
The toxin is not evenly distributed throughout the animal,
with high concentrations to be found in the skin and viscera
of puffer fish [87]. Dogs may encounter whole fish or parts
of fish left on beaches by fishermen as pufferfish are a regular
by-catch for sports fishermen in Australia.

Tetrodotoxin is a potent neurotoxin that blocks fast
sodium channels both within the nerve axon and on the
myocyte. Onset of clinical signs is fairly rapid. In people,
clinical signs manifest as numbness in the limbs followed by
an ascending LMN paresis and paralysis. Large doses will
manifest as seizures, respiratory paralysis, coma, and death
[87]. Clinical signs in dogs are believed to include vomiting,
ataxia, lethargy, cardiac arrhythmias, respiratory paralysis,
and death [88].

There is no antitoxin for tetrodotoxin and treatment is
supportive. Diagnosis of tetrodotoxin poisoning should be
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made based on clinical presentation combined with a recent
history of the pet visiting a beach or marina where discarded
fish may have been found.

7. Miscellaneous Causes

The complete list of diseases, drugs, and toxins associated
with neuromuscular blockade or neuromuscular weakness
is outside the scope of this review. A brief list of less
common causes of significant LMN disease in dogs and
cats includes botulism, aminoglycoside antibiotics, hypothy-
roidism, hyperadrenocorticism, paraneoplastic polyneuritis,
and vincristine/vinblastine neuropathy [11, 91–93].

LMN signs associated with botulinum toxin have been
reported in dogs but appear to be uncommon to rare [94].
Dogs may develop intoxication after ingestion of a carcass
or similar spoiled product [95]. Signs of botulism can be
delayed up to 4 days after ingestion of the toxin but typically
begin as an ascending flaccid paralysis beginning in the pelvic
limbs [95–97]. Similar to polyradiculoneuritis, affected dogs
frequently retain the ability to wag their tail [94]. Treatment
is supportive and recovery is usually complete within one to
two weeks [94, 95].

Neuromuscular blockade can be seen with several com-
monly used medications to include aminoglycoside antibi-
otics and tetracycline antibiotics [93]. Lasalocid toxicity
from accidental ingestion or contaminated food has been
associated with weakness and LMN signs in dogs [98–
100]. Myasthenia gravis has been documented secondary to
methimazole therapy in cats within the first several weeks of
initiating therapy [101].

Muscle weakness can also be seen in primary myopathies.
Therefore, other differentials for patients presenting with
presumed LMN or motor unit dysfunction may also include
inflammatory causes of muscle weakness such as protozoal
disease, immune-mediated myopathies, or paraneoplastic
syndromes. A complete discussion of diseases producing a
myopathy is beyond the scope of this review.

8. Conclusion

Lower motor neuron (motor unit) disease is a frequently
encountered complaint in Australian dogs and cats. The
frequency of patients presenting with LMN signs is largely
due to the unique, native fauna of Australia. Although tick
paralysis, snake envenomation, and marine animal intoxica-
tions are not exclusive to Australia, they are an important and
not-uncommon group of intoxications seen by small animal
practitioners in Australia. The ability to both rapidly identify
LMN disease signs and identify the most likely diseases
or intoxications associated with LMN disease in Australian
dogs and cats are key to successful treatment and positive
outcomes.
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Pflügers Archiv - European Journal of Physiology, vol. 464, no. 2,
pp. 167–174, 2012.

[11] S. Añor, “Acute lower motor neuron tetraparesis,” Veterinary
Clinics of North America - Small Animal Practice, vol. 44, no.
6, pp. 1201–1222, 2014.

[12] K. K. Chand, K. M. Lee, N. A. Lavidis et al., “Tick holocyclo-
toxins trigger host paralysis by presynaptic inhibition,” Scientific
Reports, vol. 6, no. 1, 2016.

[13] A. Flagstad, “Myasthenia in dogs,” Tijdschrift voor dierge-
neeskunde, pp. 106s–108s, 1991.

[14] C. T. Holland, “Asymmetrical focal neurological deficits in dogs
and cats with naturally occurring tick paralysis (Ixodes holocy-
clus): 27 cases (1999-2006),” Australian Veterinary Journal, vol.
86, no. 10, pp. 377–384, 2008.

[15] A. M. Padula, “Tick Paralysis of Animals in Australia,” in
Clinical Toxinology: Clinical Toxinology, P. Gopalakrishnakone,
S. M. A. Faiz, C. A. Gnanathasan et al., Eds., pp. 1–20, Springer,
Dordrecht, Netherlands, 2016.

[16] A. A. Webb, S. M. Taylor, and L. McPhee, “Focal myasthenia
gravis in a dog,” Canadian Veterinary Journal, vol. 38, no. 8, pp.
493–495, 1997.

[17] R. B. Atwell, F. E. Campbell, and E. A. Evans, “Prospective
survey of tick paralysis in dogs,” Australian Veterinary Journal,
vol. 79, no. 6, pp. 412–418, 2001.



Journal of Veterinary Medicine 9

[18] C. W. Dewey, C. S. Bailey, G. D. Shelton, P. H. Kass, and G.
H. Cardinet 3rd., “Clinical forms of acquired myasthenia gravis
in dogs: 25 cases (1988-1995).,” Journal of veterinary internal
medicine / AmericanCollege of Veterinary InternalMedicine, vol.
11, no. 2, pp. 50–57, 1997.

[19] C. A. Pecina, “Tick paralysis,” Seminars in Neurology, vol. 32, no.
5, pp. 531-532, 2012.

[20] G. D. Shelton, “Myasthenia gravis and disorders of neuromus-
cular transmission,” Veterinary Clinics of North America - Small
Animal Practice, vol. 32, no. 1, pp. 189–206, 2002.

[21] G. D. Shelton, M. D. Willard, G. H. C. III, and J. Lind-
strom, “Acquired Myasthenia Gravis: Selective Involvement
of Esophageal, Pharyngeal, and Facial Muscles,” Journal of
Veterinary Internal Medicine, vol. 4, no. 6, pp. 281–284, 1990.

[22] K. Hirschvogel, K. Jurina, T. A. Steinberg et al., “Clinical course
of acute canine polyradiculoneuritis following treatment with
human IV immunoglobulin,” Journal of the American Animal
Hospital Association, vol. 48, no. 5, pp. 299–309, 2012.

[23] C. R. Rutter, E. A. Rozanski, C. R. Sharp, L. L. Powell, and M.
Kent, “Outcome and medical management in dogs with lower
motor neuron disease undergoing mechanical ventilation: 14
cases (2003-2009),” Journal of Veterinary Emergency andCritical
Care, vol. 21, no. 5, pp. 531–541, 2011.

[24] J. F. Cummings andD.C.Haas, “Coonhoundparalysis. An acute
idiopathic polyradiculoneuritis in dogs resembling the Landry-
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