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Approach to the

Neurologic Rabbit

Neurological symptoms, including head tilt, nystagmus, circling, rolling, loss
of balance, ataxia, paresis, paralysis and/or seizure activity are commonly
encountered in pet rabbits. Knowledge of a rabbit’s anatomical and physiological
specific features is essential so that when a patient is presented with illness, the case
can be adequately assessed and treated. The causes of neurologic symptoms in
rabbits may be of traumatic, inflammatory, infectious, neoplastic, nutritional, metabolic,
toxic, degenerative, idiopathic, iatrogenic or congenital origin. Adequate clinical
and neurological assessment of these patients is mandatory to be able to formulate
a list of possible differential diagnoses and to determine which tests are more
appropriate to reach a definitive diagnosis. This allows identification of the primary
cause of the symptoms, evaluation of the severity of the disease and formulation of a
prognosis for the patient. This article describes how to approach a patient presented
for neurological complaints from a clinical and diagnostic point of view.
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Elisabetta graduated from the University
of Naples “Federico II”, Italy, in 2002. Her
interest in exotics became clear shortly
after her graduation, anticipating a career
mainly based on non-conventional animal
medicine and surgery. After a small
animal focused internship, she’s been
working solely with exotics since 2003.

Introduction

It is reported that
2% of the UK adult
population owns
a rabbit, with an
estimated 900,000
rabbits currently kept
as pets. This data makes
rabbits the third most
common mammalian pet in the UK, after
dogs and cats (PDSA 2019). Many rabbit
owners are dedicated to excellent health
care for their pets. Therefore, it is of
utmost importance to be able to provide
these animals the same level of care of
other more common mammalian species
and give them the attention they deserve.
Knowledge of a rabbit’s anatomical and
physiological specific features is essential
so that when a patient is presented with
illness, the case can be adequately assessed
and treated. This will eventually result
in improved medical care and ultimately
in a longer and healthier lifespan for
this species. Neurological symptoms
are not uncommon in rabbits. Head
tilt, circling, ataxia, paresis or paralysis,
nystagmus, seizures are frequently
seen (Fisher et al. 2020). The scientific
literature regarding the neuro-anatomy
of this common species is sparse but the
available information can be combined
with concepts extrapolated from other
more common species and applied to
efficaciously examine the rabbit, localise its
neurological lesions and establish a targeted
course of action (Osofsky et al. 2007).

Neuro-anatomy and
physiology: basic concepts
The brain, vertebral column and spinal
cord of rabbits have a similar structure
to those of other mammals (Osofsky et
al. 2007; Popesko et al. 2002). However,
the unique characteristics of the species
should be taken into consideration.
A basic understanding of a rabbit’s
neuroanatomical specific features is
important to facilitate more accurate
localisation of a problem to the correct
area of the central nervous system (brain
and spinal cord).
The brain of the rabbit, wrapped in
the meninges, including the outer dura
mater, the arachnoid and the inner
pia mater, is anatomically similar to
that of other mammals. The forebrain
consists of the telencephalon (cerebrum:
cerebral cortex and basal nuclei) and
the ventrally located diencephalon
(consisting of the metathalamus, thalamus,
hypothalamus, pineal gland and pituitary
gland). Differently from dogs, rabbits
are lissencephalic because their cerebral
cortex lacks gyri and has a smooth surface
(Butler 2005) (Figure 1). The midbrain
or mesencephalon is located caudally to
the diencephalon. The hindbrain consists
of the cerebellum, pons and medulla. The
thalamus, hypothalamus, midbrain, pons
and medulla constitute the brainstem.
Encephalitozoonosis and central extension
of otitis media-interna can affect this
part of the brain in rabbits (Deeb and
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Carpenter 2004). A basic understanding of
the anatomy and function of the cranial
nerves (CN) is also important for clinicians
trying to localise a lesion within the
nervous system of a rabbit (Osofsky et al.
2007;Vernau et al. 2007).
In most rabbits, the vertebral column
is composed of 7 cervical, 12 thoracic,
7 lumbar, 4 sacral and 15-16 caudal
vertebrae. However, individual variations
may exist. In rabbits, the spinal cord arises
at the foramen magnum and extends
almost the entire length of the vertebral
canal. The vertebral column and the spinal
cord have different growth rates following
birth in this species. As a result, at puberty,
the spinal cord is shorter than the spine
and spinal cord segments may terminate
more cranially than the vertebrae of the
same number, at S1 (19%), S2 (79%) or
S3 (2%) (Greenaway et al. 2001). This is
an unusual anatomic feature as the spinal
cord ends within the caudal lumbar
region in most other species. For the
same reason, the most caudal spinal nerve
roots exit the spine more cranially than
the corresponding vertebral segment.
This leads to the formation of the cauda
equina. However, of relevance is the
fact that other sources state that rabbits
have no cauda equina and that the spinal
cord runs the entire length of the spinal
column (Meredith 2008). Because of
individual differences, the spinal cord
and nerve roots may terminate more
cranially in rabbits with a higher number
of vertebrae (C13+L7). Each spinal cord
segment has a dorsal and a ventral nerve
root within the vertebral canal on either
side. The number of paired spinal nerve
roots equals the number of vertebrae
(apart from the cervical region where
there are 7 cervical vertebrae but 8 spinal
nerves). Most rabbits have 7 cervical, 12
thoracic, 7 lumbar, 4 sacral and 15-16
caudal pairs of spinal nerves. The spinal
nerves from L4-Cd form the lumbosacral
plexus and innervate the pelvic limb,
urinary bladder, anus, perianal region, and
tail (Osofsky et al. 2007).

Clinical signs

Common neurological signs encountered
in pet rabbits may include head tilt
(Figure 2), nystagmus, circling, rolling,
loss of balance, ataxia, paresis, paralysis
and seizures. Signs of peripheral vestibular
disease may include head tilt or 'wry neck',
torticollis, nystagmus, circling, rolling
and loss of balance. If the middle ear is
involved, there may also be facial nerve
paralysis affecting the lips, eye, nictitans and

Figure 1: Rabbits are lissencephalic because their
cerebral cortex lacks gyri and has a smooth surface.

facial muscles. Many rabbits may still have
a normal attitude and appetite. However,
it is not uncommon for secondary
gastrointestinal symptoms to arise
including reduced appetite to anorexia,
altered faecal output, lethargy. Rabbits
with vestibular disease may also not be able
to bend and eat their caecotrophes.

Clinical evaluation

When a rabbit is showing suspected
neurological symptoms, relevant
information regarding the patient and a
thorough clinical history should be taken.
Details about diet, husbandry, behaviour,
in contact-animals and previous medical
problems should be collected. Relevant
information on onset, duration and
progression of clinical signs, presence of
pain, response to analgesia and/or anti-

Figure 2: Head tilt in rabbits may be indication of a
central or peripheral vestibular problem. This is often
challenging to distinguish clinically.

inflammatories and other medications that
may have been started should always be
obtained in any neurological case followed
by a complete physical examination
(including otoscopic and ophthalmoscopic
exam), as the clinical status of the animal
allows (Keeble 2006).

Neurological assessment

The causes of neurologic symptoms in
rabbits may be of traumatic, inflammatory,
infectious, neoplastic, nutritional,
metabolic, toxic, degenerative, vascular,
idiopathic, iatrogenic or congenital
origin (Table 1). Neurologic diseases
can be species specific, associated with
a multi-systemic disorder, or pathology
may be limited to the affected organ
system (Hollamby 2009). When a patient
has a suspected neurological problem,

Table 1: List of most common systemic diseases responsible
for neurological signs and symptoms in rabbits
(Meredith 2008; Keeble 2014; Fisher et al. 2020)

SYSTEMIC DISEASE

CAUSES

Metabolic

• Renal failure • Hepatic encephalopathy
• Electrolyte imbalances (e.g. hypokalaemia) • Pregnancy toxemia
• Terminal systemic disease (e.g. septicaemia, toxaemia)
• Heat stroke

Infectious

• Pasteurella multocida • Listeria monocytogenes
• Toxoplasma gondii • Encephalitozoon cuniculi
• Herpes simplex virus type 1

Toxic

• Lead • Fipronil • Pyrethrin/permethrin

Neoplastic

e.g. Lymphoma

Other

• Cerebrovascular accident • Degenerative changes • Trauma
• Idiopathic (e.g. idiopathic epilepsy in blue-eyed white rabbits,
idiopathic vestibular syndrome) • Congenital
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a thorough and effective neurological
examination is essential. The neurologic
examination consists of a series of
observations of spontaneous or induced
sensory and motor functions of the
animal with the aim to identify whether
a problem is neurological in the first
instance. If a neurological problem seems
likely, the second step is to localise the
lesion anatomically along the longitudinal
plane of the neuraxis. Following this,
the lesion needs to be narrowed within
a specific anatomic region (brain, spinal
cord or peripheral nervous system).
Finally, the location of the lesion needs
to be identified in a transverse plane at
the appropriate longitudinal level (e.g.
right or left of the cerebral cortex). The
neurological examination can only reflect
the location of the lesion but not its cause.
Trauma or an abscess may cause similar
clinical signs if they occur in the same
location. Therefore, when considered
alongside history and physical examination,
the neuro-anatomical localisation allows
the formulation of a list of possible
differential diagnoses, determination of
which tests may be more appropriate to
reach a definitive diagnosis, determines the
severity of the disease and ultimately gives
prognostic indications for the patient.
The neurological examination can be
approached in a similar manner to that
described in dogs and cats (Vernau et
al. 2007), although direct adaptation to
a different species should be done with
caution. Differences in functional anatomy
and behavior, patient size and handling
difficulties warrant modifications in the
manipulations performed to avoid risks
of misinterpretation of findings. Rabbits
are prey species and highly effective at
disguising signs of illness. They can be
very nervous, reluctant to cooperate or
may even freeze during a neurological
examination in response to stress, making
interpretation of findings challenging or
impossible. Correct and gentle handling
is essential to avoid further trauma and
unnecessary stress to the patient. Sedatives
or tranquilisers should not be administered
to the patient prior to performing a
neurologic examination, as the effects of
these therapeutic agents may confound
results. Step-by-step practical guides on
how to perform a more effective and
targeted neurological examination in this
species have been described (Mancinelli
2014; Warnefors et al. 2019).
Vernau et al. (2007) suggest that the
neurological examination in a rabbit
should follow a specific order to minimise
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Table 2: Suggested order for neurological examination in rabbits
(modified from Vernaur et al. 2007)

General observation: mental status, posture, gait
Palpation of entire muscoloskeletal system
Proprioception and postural reactions: these tests evaluate the awareness of the body
position visually and independently from vision
Spinal reflexes: these tests allow evaluation of peripheral nerve function and local spinal
cord segments and do not involve conscious awareness of the stimulation. Segmental
spinal reflexes are graded on a scale of 0-4 where 0 is an absent reflex, 1 indicates a
reflex that is present but markedly decreased from normal, 2 indicates a normal reflex,
3 indicates hyperreflexia, and 4 indicates that clonic activity (continual repetitive response
to a mild stimulus) is noted.
Cranial nerves examination
Sensation: superficial and deep pain

stress and reduce handling to a minimum
(Table 2). Results of the examination
should also be recorded using a dedicated
neurological examination form to be
attached on a patient’s file. Many of the
neurological tests performed in dogs
may be useful in rabbits, but not all of
them can be directly transferred to this
species. For example, several tests for
CN assessment adapted from the dog
examination were found inappropriate in
rabbits (Warnefors et al. 2019) (Table 3).
The menace response, commonly used
to assess the visual pathway in dogs, is
normally absent in rabbits and of no value
when testing their vision. This should be
taken into consideration when performing
a neurological examination in a rabbit.
Equipment required to perform a basic
neurologic examination may include
a Taylor’s percussion reflex hammer,
mosquito forceps, cotton buds and a pen
torch. The assessment should start with
manipulations that are not likely to induce
pain and it ends with those that either
require close handling or are more likely
to cause discomfort or pain to the animal.

even with a painful stimulus). For example,
pinching the patient’s foot may produce
flexion of the limb but not arousal. This
will indicated complete disconnection
with the cerebrum. Personality changes
or a different reaction/awareness of
surroundings and/or inappropriate
behavioural responses may all be
indicative of altered level of mentation
and consciousness. Head and facial
symmetry should also be evaluated at this
stage. Information regarding its posture
(head and trunk) and gait (improper limb
positioning, paresis, ataxia, circling) can
also be obtained by simply observing the
animal moving. Neurological organisation
of gait and posture is very complex and
involves brain, spinal cord and peripheral
nerves. Of note is the fact that owner
observation’s and video recordings
are often a more reliable way to assess
pathological changes in posture and gait,
the presence of paresis, circling, falling
or leaning and may be of great support
allowing a less stressful examination of the
patient (Warnefors et al. 2019).

General observation (mental
status, gait and posture)

Careful palpation of the entire muscular
and skeletal system (bones, joints, muscles
of the head, vertebral columns and limbs)
should follow looking for asymmetry,
masses, and tenderness. Passively stretching
a relaxed muscle also allows to evaluate
the muscle tone, strength and other
irregularities. Palpation of the vertebral
column is done looking for deviations and
pain. Excessive pressure is not necessary,
and extra care is required especially if
instability is suspected. Comparison with
the contralateral side for symmetry should
be performed. Often rabbits are stressed
and do not relax during the examination,
making these tasks difficult.

The patient can be let free around the
examination room allowing the clinician
to observe its mental status. This gives an
indication of the rabbit alertness, attitude
and responsiveness to the surrounding
environment. Evaluation of the state of
consciousness of the patient allows further
classification of the patient as depressed,
obtunded (mentally dull), stuporous
(partial or near complete unconsciousness,
responding only to vigorous stimulation)
or comatous (a state of unconsciousness
whereby the patient cannot be aroused

Palpation

