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Abstract

Case series summary Four cats that presented with severe cluster seizures developed neurogenic urinary retention
in the postictal phase. None of the cats had previous seizures. Micturition was reported as normal in all cats for 3
or more years before seizure onset. All cats required a continuous rate infusion of propofol to control the seizure
activity. In all cats manual bladder expression was performed every 8 h until recovery of normal micturition. One cat
was started on phenoxybenzamine to reduce internal urethral sphincter tone. All cats recovered normal micturition
within 4 weeks of the end of cluster seizures.

Relevance and novel information Transient neurogenic urinary retention has not previously been reported in dogs
and cats following severe cluster seizures. Urinary retention should be considered a potential postictal deficit,

promptly recognised and treated to avoid urinary tract infection and detrusor muscle atony.

Accepted: 31 July 2015

Introduction

Neurogenic urinary retention has not previously been
reported in cats following severe seizure activity. We
describe four cats that presented at two referral institu-
tions with severe cluster seizures and that subsequently
developed the inability to urinate despite a normal uri-
nary system and no evidence of either brain stem or spi-
nal cord dysfunction.

Cat1

A 4-year-old female spayed domestic shorthair (DSH)
indoor cat presented with a 6 day history of severe clus-
ters of focal motor and autonomic, and focal complex sec-
ondarily generalised seizures. There was no prior history
of seizures. No urinary system or micturition disorders
were reported prior to seizure onset. Exposure to toxins
was unlikely.

Treatment with phenobarbital (Luminale, 5 mg/kg PO
q12h; Bracco) was started in the previous 48 h without
significant improvement. Prereferral complete blood
count (CBC) and serum biochemistry results were unre-
markable; feline immunodeficiency virus (FIV)/feline
leukaemia virus (FeLV) testing was negative (IDEXX
SNAP Combo Plus Test). General physical examination
was normal. The neurological examination was con-
ducted in the postictal phase and revealed obtunded
mentation and reduced menace responses bilaterally. The
remainder of the neurological examination was normal.

Magnetic resonance imaging (MRI; 0.22T MrV [Paramed])
of the head revealed bilaterally symmetrical increased
signal intensity compared with normal grey matter on
T2-weighted (T2W) and fluid attenuation inversion
recovery (FLAIR) images in the hippocampi and piriform
lobes. The lesions were isointense in T1-weighted (T1W)
images and markedly and homogeneously enhanced
after gadolinium (Dotarem, gadoteric acid 0.5 mmol/ml;
Guerbet) administration. Cerebellomedullary cistern cer-
ebrospinal fluid (CSF) analysis was unremarkable.
Differential diagnoses included epilepsy of unknown ori-
gin with postictal MRI changes and feline hippocampal
necrosis (FHN).12

Owing to the persistence of cluster seizures despite
treatment with phenobarbital and diazepam (Valium, 0.5
mg/kg IV; Roche), the cat required a continuous rate
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infusion (CRI) of propofol (Rapinovet, 0.1-0.6 mg/kg/
min IV; Bayer) over a 12 h period to control seizure activ-
ity. During sedation the cat received intravenous fluids
at maintenance rate, and the urinary bladder was pal-
pated and expressed every 6 h. After discontinuation of
the propofol infusion, the cat was able to ambulate in its
cage, but was not witnessed to use the litter tray or to
posture to urinate. However, patches of urine in the bed-
ding were noticed during hospitalisation. After a sei-
zure-free period of 48 h the neurological examination
was normal and the cat was discharged on phenobarbi-
tal (2.5 mg/kg PO q12h).

Abnormal toileting behaviour and lack of voluntary
micturition was reported by the owner over the follow-
ing 36 h. At that stage the referring veterinary surgeon
noticed a distended urinary bladder. The cat was easily
catheterised and urinalysis was normal. Owing to per-
sistent urinary retention, 24 h later the cat underwent a
second neurological examination that revealed only a
distended urinary bladder that was relatively easy to
void through continuous manual expression. The cat
was discharged on the same day with the recommenda-
tion of manual expression of the urinary bladder every 8
h. The owner was instructed on how to perform manual
expression and to seek veterinary help in case of
difficulties.

Over the following 3 weeks, progressive improve-
ment leading to voluntary bladder voiding with normal
toileting behaviour manifested once a day was reported.
The cat continued to have focal-onset epileptic seizures
every 2 months, characterised only by vocalisation and
aggressive behaviour lasting for seconds. A suggested
second MRI study to confirm the diagnosis of FHN was
declined by the owner. No further epileptic seizure activ-
ity or micturition dysfunction was witnessed until the
cat’s death for unknown reasons 9 months later.

Cat 2

A 5-year-old female spayed DSH indoor cat presented
for a severe cluster of focal motor and autonomic, and
focal complex secondarily generalised seizures over the
previous 24 h. There was no history of seizures prior to
this cluster; however, the cat had displayed episodes of
aimless vocalisation 10 days earlier. No urinary system
or micturition disorders were reported prior to seizure
onset. Exposure to toxins was unlikely.

Prereferral CBC and serum biochemistry were nor-
mal. FIV/FelV testing was negative. General physical
and neurological examinations were normal. MRI (0.22T
MrV; Paramed) of the head revealed moderate symmet-
rical hyperintensity on T2W and FLAIR images of the
hippocampi and the piriform lobes, with no abnormali-
ties on pre- and postcontrast TIW images or mass effect.
Cerebellomedullary cistern CSF analysis revealed no
abnormalities. A diagnosis of epilepsy of unknown ori-
gin with MRI postictal changes was made.

During hospitalisation the cat continued to have focal
seizures approximately every 2-3 h despite treatment
with phenobarbital (2 mg/kg PO ql12h) and diazepam
(0.5 mg/kg IV). The cat required a CRI of propofol (0.1-
0.6 mg/kg/min intravenous) over a 12 h period to con-
trol seizure activity. During sedation the cat received
intravenous fluids at maintenance rate, and the urinary
bladder was palpated and expressed every 6 h. Over the
next 12 h two focal-onset epileptic seizures, consisting of
contraction of facial muscles, bilateral mydriasis, hyper-
salivation, vocalisations and alteration of consciousness,
were treated with levetiracetam (Keppra, 30 mg/kg IV;
UCB Pharma). Following recovery from narcosis, the cat
had a normal neurological examination, except for a
mildly obtunded mental status, which was attributed to
the antiepileptic therapy. However, the cat displayed
abnormal toileting behaviour with no interest in the
litter tray, it did not posture to urinate and there was a
lack of voluntary micturition, and so required manual
bladder expression every 8 h.

The cat was discharged on phenobarbital (2 mg/kg
PO q12h) 36 h after the last seizure. At home, the owner
reported the same abnormal toileting behaviour
observed during hospitalisation and bladder expression
was necessary. The cat gradually improved and showed
voluntary micturition 16 days after discharge. No fur-
ther epileptic seizure activity or micturition dysfunction
was witnessed during a follow-up period of 6 months.

Cat3

A 6-year-old male neutered DSH indoor cat presented
for a severe cluster of focal motor and autonomic, and
focal complex secondarily generalised seizures over the
previous 2 days. The cat had a history of urethral obstruc-
tion due to urinary bladder stones, which had been
treated by urethrostomy 3 years earlier. Micturition had
been normal following the urethrostomy. Exposure to
toxins was unlikely.

Prereferral CBC, biochemistry profile and urinalysis
were normal. FIV/FeLV testing was negative. General
physical and neurological examinations were unremark-
able. MRI (0.22T MrV; Paramed) of the head revealed
moderate, symmetrical hyperintensity on T2W and
FLAIR images of the hippocampi and the piriform lobes,
without mass effect or any abnormalities on pre- and
postcontrast TIW images. Cerebellomedullary cistern
CSF analysis was within normal limits. A diagnosis of
epilepsy of unknown origin with MRI postictal changes
was made.

During hospitalisation the cat continued to have focal
motor and autonomic, and tonic—clonic generalised sei-
zures approximately every 3 h, despite treatment with
phenobarbital (2 mg/kg PO q12h), diazepam (0.5 mg/
kg IV) and levetiracetam (30 mg/kg IV). The cat required
a propofol CRI over a 24 h period to control seizure
activity. During sedation the cat received intravenous
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fluids at maintenance rate, and the urinary bladder was
palpated and expressed every 6 h. The cat consistently
demonstrated a normal physical and neurological exam-
ination over the following 24-36 h except for micturition.
The bladder was manually expressed every 8 h and the
cat was discharged on phenobarbital (2 mg/kg PO q12h)
48 h after the last seizure.

The owner reported that at home the cat showed no
interest in the litter tray, it did not posture to urinate and
there was a lack of voluntary micturition. Over the fol-
lowing 4 weeks the bladder had to be expressed every 8
h before the cat progressively improved to a normal toi-
leting behaviour. The cat showed focal-onset seizures
once a month over a follow-up period of 13 months. No
further cluster seizures or micturition dysfunction were
witnessed in the same period.

Cat4

A 12-year-old male neutered DSH cat presented for a
severe cluster of focal motor and generalised seizures
over the preceding 36 h. There was no history of previ-
ous seizures or micturition dysfunction, and exposure to
toxins was unlikely.

General physical examination was unremarkable.
During the neurological examination, three focal-onset
seizures lasting 3040 s were witnessed, each consisting
of fine head and facial twitches, bilaterally dilated and
symmetrical pupils, hypersalivation, and loss of response
to external stimuli, with several vocalisations preceding
return to normal mentation. Between seizures the cat was
mentally alert and responsive, with normal posture and
gait. Proprioceptive paw placement and hopping were
normal in the thoracic limbs but slightly delayed in both
pelvic limbs. Spinal reflexes and cranial nerve function
were normal. CBC and biochemistry profiles revealed no
significant abnormalities. Tests for FIV, FelLV and
Toxoplasma gondii were all negative. MRI (1.5T Sigma;
General Electric Medical System) of the head and cerebel-
lomedullary cistern CSF analysis were unremarkable. A
diagnosis of epilepsy of unknown origin was made.

During hospitalisation the cat continued to display
focal seizures approximately every hour, despite initia-
tion of treatment with phenobarbital (Epiphen, 2 mg/kg
PO ql2h; Vétoquinol) and midazolam (Hypnovel,
0.3mg/kg IV; Roche). The cat required a CRI of propofol
(0.1-0.6 mg/kg/min IV) over a 24 h period to control
seizure activity. During sedation the cat received IV flu-
ids at maintenance rate, and the urinary bladder was
palpated and expressed every 6 h. Approximately 24 h
following cessation of seizure activity the cat developed
pyrexia. A repeated CBC, urinalysis (including culture
and sensitivity) and thoracic and abdominal imaging
did not reveal any abnormalities. A gallop rhythm on
cardiac auscultation was noted to have developed, and
echocardiography revealed changes consistent with
hypertrophic cardiomyopathy.

The cat was discharged after being seizure free for 48
h. Its body temperature and neurological examinations
were normal, and the owner was instructed to adminis-
ter phenobarbital (2 mg/kg PO q12h), levetiracetam (20
mg/kg PO g8h) and propanolol (Propranolol, 0.33mg/
kg PO ql2h; Actavis). During hospitalisation large
patches of urine were found on the bedding; however,
the cat was not seen to use the litter tray, to take the posi-
tion to urinate or to cover the urine. Following discharge
the owner reported signs consistent with overflow
incontinence and constipation, with no effort being
made to posture to toilet. The cat was catheterised and
treated with lactulose, without improvement of toileting
behaviour. Owing to persistent urinary retention the cat
was readmitted to the referral hospital. Neurological
examination revealed a moderately full urinary bladder
with some resistance to expression as the sole abnormal-
ity. A repeated CBC and urinalysis revealed no signifi-
cant abnormalities. Treatment with phenoxybenzamine
(Dibenyline, 0.5 mg/kg PO q12h; Goldshield) was initi-
ated and the urinary bladder was expressed manually
every 8 h. The cat was discharged 11 days later with the
recommendation to express the urinary bladder manu-
ally every 8 h. The cat progressively improved and nor-
mal toileting behaviour was reported by the owner over
the following 3 weeks. The cat continued to experience
focal and generalised epileptic seizures every 3—4
months. The cat was euthanased 3 years later owing to
acute haematemesis, haematochezia, haematuria and
epistaxis. Clotting disorders or toxin exposure were the
main differential diagnoses of the primary veterinary
practitioner.

Discussion

The four cats described in this report all presented for
severe cluster seizures and subsequently developed
abnormal toileting behaviour characterised by lack of
interest in the use of the litter tray, lack of voluntary mic-
turition and urinary retention.® In three cats the most
likely diagnosis for seizure activity was epilepsy of
unknown origin. In one cat, on the basis of MRI findings,
FHN was strongly suspected.'?

Micturition includes control of both the storage and
evacuation of urine.# Normal bladder and urethral anat-
omy and function are required for micturition to occur.
Micturition disorders characterised by urinary retention
can result from neurogenic or non-neurogenic causes.>

Non-neurogenic urinary retention involves anatomic ure-
thral outflow obstruction.* In cats, causes of urethral obstruc-
tion are urethral plugs, idiopathic disease, urolithiasis with
and without urinary tract infections, urethral spasm and,
rarely, stricture and neoplasia.® In these cases, urethral cathe-
terisation is often difficult.* Moreover, non-neurogenic blad-
der atony from overdistension, secondary to disruption of the
tight junctions of the detrusor myofibres, can lead to failure to
eliminate urine.*
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In our cat population, causes of non-neurogenic uri-
nary retention were unlikely. Indeed, there was no his-
tory of urinary tract disease in three cats, and case 3 had
normal micturition for 3 years following perineal ure-
throstomy. Urinalysis was unremarkable in three cats,
and no macroscopic changes were noticed in the urine of
case 2. In all cats urethral obstruction was unlikely given
the ease of both manual expression and catheterisation of
the urinary bladder. Finally, the cats” bladders were pal-
pated and expressed every 6 h while sedated, and their
bladders were not found to be overdistended at any time.

Neurogenic urinary retention in cats is due to impair-
ment of the micturition ‘reflex” and is described second-
ary to (1) upper motor neuron dysfunction due to lesions
between the pons and the sacral spinal cord segments;
(2) lower motor neuron dysfunction due to lesions in the
sacral spinal cord segments, nerves of the cauda equina
or peripheral nerves; and (3) feline dysautonomia.

The coordinated and sustained contraction of the det-
rusor muscle and simultaneous relaxation of the urethral
smooth and skeletal muscles represent the micturition
‘reflex’.” The micturition ‘reflex’ requires complex inte-
gration of sensory and motor parasympathetic, sympa-
thetic and somatic pathways extending from the sacral
segments to the cerebral cortex.” The pontine micturition
centres coordinate and control sphincter relaxation and
detrusor contraction.* In particular, neurons located in
the medial region of the dorsum of the pons, called the
‘M-region’, send their axons to the sacral spinal cord to
excite the parasympathetic motor neurons and indirectly
inhibit the somatic motor neurons in the Onuf’s nucleus,
facilitating bladder voiding.®® Activation of neurons of
the lateral region in the dorsum of the pons, called the
‘L-region’, facilitates urinary bladder filling, increasing
the contraction of the external urethral sphincter via
stimulation of the Onuf’s nucleus.?’

Experimental studies in cats and other mammals
showed that many suprapontine structures are involved
in micturition control, in particular the amygdala, basal
nuclei, cerebellum, cerebral cortex, hypothalamus, insula,
limbic system and periaqueductal grey matter (PAG).1
During voiding, experimental and functional MRI stud-
ies in animals revealed activation of the anterior and lat-
eral hypothalamic area, PAG, perigenual cingulate region
and right anterior frontal gyrus.!®!! Integration at the cor-
tical level allows voluntary initiation or inhibition of mic-
turition. Animals with cerebral cortical dysfunction may
lose voluntary control of micturition.”

Postictal MRI studies have not been performed in the
four cats described in this series. However, it is unlikely
that the urinary retention following severe cluster sei-
zures has been caused by a lesion affecting the brain stem
or the spinal cord, as there was no evidence of involve-
ment of these structures on repeated neurological exami-
nation. In all cats manual bladder expression was
performed every 8 h wuntil recovery of normal

micturition. One cat was treated with phenoxybenzamine
to reduce an initially supposed increase in internal ure-
thral sphincter tone, to assist bladder expression. In all
cats normal micturition and toileting behaviour recov-
ered no later than 4 weeks after discharge. No further epi-
sodes of severe cluster seizure activity and urinary
retention were reported by the owners, with follow-up
periods ranging from 6 months to 3 years.

All cats required a CRI of propofol in addition to phe-
nobarbital, levetiracetam and diazepam to control sei-
zure activity. None of these medications have been
described to cause urinary retention in cats.!>!3 In
humans there are no descriptions of micturition disorder
after phenobarbital, propofol and levetiracetam admin-
istration. Urinary retention has been described with
other drugs, as a possible complication of long-term
diazepam abuse and following continuous midazolam
infusion in the treatment of uncontrollable neonatal sei-
zures.'*15 Therefore, it’s unlikely that urine retention
could be due to the antiepileptic treatment.

The urinary retention in our cat population was there-
fore regarded as a consequence of the cluster seizure
activity. However, to the best of our knowledge, neuro-
genic urinary retention secondary to severe cluster sei-
zures has not previously been reported in cats or dogs.

In humans, acute urinary retention due to structural
disorders of the frontal lobe, paraventricular white
matter, internal capsule and basal nuclei is well
documented.!® Furthermore, urinary retention has been
reported as a transient postictal abnormality following
epileptic seizure activity in humans.!”:18

Postictal state (PS) is defined as the abnormal condi-
tion occurring between the end of an epileptic seizure
and return to baseline condition.!® The exact duration of
the PS is difficult to define. Normally it lasts hours to a
few days; however, PS can resolve over months to years."”

The mechanisms of the PS are poorly understood and
likely multifactorial. They can be divided into electro-
physiological mechanisms, cerebral blood flow changes,
neurotransmitter system changes and receptor changes.?

In the human case series reporting urinary retention
following epileptic seizures, the micturition disorder
lasted up to 48 h.1” It was hypothesised that a transient
alteration of cortical activity on suprapontine micturi-
tion-associated structures could possibly result in postic-
tal urinary retention. The transient alteration was
suspected to be the consequence of seizure activity in the
areas of the epileptic foci or areas adjacent to it.!” Another
study assessing peri-ictal urinary dysfunction in patients
with epilepsy reported transient urinary retention exclu-
sively in the postictal phase in 8.7% of the study popula-
tion.!® We suggest that a similar aetiopathogenesis may
explain the urinary retention observed in our cats.

The far longer duration of urinary retention in our cat
population compared with the human case series might
be owing to the fact that the owners were instructed to
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express the urinary bladder every 8 h, until the cats
showed a normal eliminatory behaviour. This means
that the urinary retention may have resolved earlier than
4 weeks. The passive voiding delayed the beginning of
the spontaneous micturition, and may have resulted in
us overestimating the duration of the urinary retention.

Another possibility is the occurrence of a long-lasting
PS, characterised only by urinary retention, as described
in humans.!

This previously unreported postictal abnormality in
cats has a favourable prognosis if recognised and man-
aged appropriately.

We speculate that this postictal abnormality may be
unreported because it is uncommon, as per human liter-
ature, and potentially associated with severe cluster sei-
zures only. This unreported postictal abnormality should
be differentiated from a urinary tract disorder.

Conclusions

We report four cats with postictal transient neurogenic
urinary retention following severe cluster seizures. All
cats recovered normal urinary function and toileting
behaviour within 4 weeks of the last cluster of seizures.
We recommend monitoring of micturition in cats with
severe cluster seizures and informing their owners that
urinary retention may occur. Even if transient, it is neces-
sary to diagnose and treat neurogenic urinary retention
promptly to avoid secondary urinary tract infections
and detrusor muscle atony.
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