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ABSTRACT

Objectives: The study objective was to investigate the prevalence and clinical characteristics of

phenobarbitone-associated adverse effects in epileptic cats.

Methods: The medical records of two veterinary referral clinics from 2007 to 2017 were searched for cats
fulfilling the inclusion criteria of a diagnosis with epilepsy, treatment with phenobarbitone, and available
follow-up information on the occurrence of adverse effects. Follow-up information was obtained from
the medical records of the primary veterinarian and referral institutions and a questionnaire completed

by the cats’ owners.

Results: Seventy-seven cats met the inclusion criteria. 58 were affected by idiopathic epilepsy and 19 by
structural epilepsy. One or more of the following adverse effects were reported in 47% of the cats:
sedation (89%), ataxia (53%), polyphagia (22%), polydipsia (6%), polyuria (6%) and anorexia (6%). Logistic
regression analyses revealed significant associations between adverse effect occurrence and both
phenobarbitone starting dosage and administration of a second anti-epileptic drug. For each 1mg/kg BID
increment of phenobarbitone, the likelihood of adverse effects increased 3.1 times. When a second anti-
epileptic drug was used, the likelihood of adverse effects increased 3.2 times. No association was
identified between epilepsy aetiology and adverse effect occurrence. An idiosyncratic adverse effect,
characterised by severe neutropenia and granulocytic hypoplasia, was diagnosed in one cat. This resolved

following phenobarbitone discontinuation.

Conclusions and relevance: The prevalence of phenobarbitone-associated adverse effects was 47%.
Sedation and ataxia were most common. These are type A adverse effects and are predictable from
phenobarbitone’s known pharmacologic properties. In the majority of cases, adverse effects occurred
within the first month of treatment and were transient. Idiosyncratic (type B) adverse effects, that are not
anticipated given the known properties of the drug, occurred in one cat (1.3% of the study population).
Increased phenobarbitone starting dosage and the addition of a second anti-epileptic drug were

significantly associated with the occurrence of adverse effects.
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INTRODUCTION

Phenobarbitone (PB) is considered the most effective first line antiepileptic drug (AED) used in epileptic
cats(1). However, the evidence for PB’s efficacy and safety profile in the feline veterinary literature is
weak(1). Drug-related adverse effects (AEs) are categorised as type A or type B (also known, respectively,

as type | and Il AEs).

Type A AEs are those that can be explained by the known pharmacological properties of the agent and
are therefore usually dose-dependent and predictable. Type A AEs that may affect individuals receiving
PB can be understood by consideration the drug’s mechanism of action. PB exerts its anti-epileptic effect
by several different means. It is an agonist of the gamma-aminobutyric acid (GABA) A receptor and also
modulates this receptor to increase GABA’s affinity for it(2). This causes post-synaptic chloride channels
to remain open for longer, allowing greater chloride influx into, and hyperpolarisation of, the post-
synaptic neuron. Other purported mechanisms of action of PB include inhibition of the excitatory capacity
of glutamate(3), inhibition of voltage-gated calcium channels and binding of chloride channels(4). The
upshot is an increase in seizure threshold and a decrease in the spread of excitation to surrounding
neurons(5). While this provides efficacious seizure control, the overall effect of barbiturate administration
is depression of the central nervous system. It can therefore be anticipated that type A AEs such as
sedation and ataxia will occur with PB therapy(4). Polyuria and polyphagia are also commonly reported
during PB treatment; these are thought to arise through PB’s inhibition of anti-diuretic hormone
release(5).Type B AEs are not dose-related, are unpredictable and are unrelated to the known mechanism
of action of the drug. They can be life-threatening and often require the discontinuation of the offending

agent to resolve(6,7).

Sedation, ataxia, polyuria, polydipsia, and polyphagia have all been reported as type A AEs in cats treated
with PB, especially during the initial two weeks of treatment(8). Accurate information on their prevalence,
severity and median time to resolution is lacking(9). In dogs, some or all of these dose-related AEs can
persist and significantly affect quality of life(10). It is unknown if similar phenomena occur in cats.
Idiosyncratic (type B) AEs such as leukopenia, thrombocytopenia, lymphadenopathy, skin eruptions,

pyrexia and coagulopathy have been described in a few feline case reports(11-15). The aim of this study
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was to investigate the prevalence and clinical characteristics of, and risk factors for, PB associated AEs in

epileptic cats, which have not been previously evaluated in a large study population.

MATERIALS AND METHODS

The medical records of two referral veterinary clinics from 2007 to 2017 were retrospectively reviewed to
identify cats diagnosed with epilepsy and treated with PB. Inclusion criteria were documentation of two
or more unprovoked epileptic seizures (ie reactive seizures were excluded) at least 24 hours apart and
availability of follow-up information on the occurrence of AEs. The following information was retrieved
from the medical records of the referral institution and primary veterinarian medical records: signalment,
diagnostic investigation results, epileptic seizure aetiology (structural, idiopathic) and phenotype (focal,
generalized, focal developing into generalized), the occurrence of status epilepticus or cluster seizures,
date of PB treatment initiation, PB dosage and serum PB levels over time, duration of PB treatment,
administration of a second AED, occurrence of AEs (type and clinical features) and date of AE resolution
due to achievement of steady state or following dose reduction or discontinuation of PB. In this study the
2015 International Veterinary Epilepsy Task Force (IVETF) definitions for idiopathic and structural epilepsy
were applied which are, respectively: ‘epilepsy in which the nature of the underlying cause is as yet
unknown and with no indication of structural epilepsy’ and ‘epileptic seizures which are provoked by

intracranial/cerebral pathology’.(16).

The cats’ owners were invited to participate in this study by completing a questionnaire. An overview of
the study and its aims were provided. The following information was requested via the questionnaire:
date of questionnaire completion, PB dosage over time or reason for PB discontinuation, occurrence of
any AEs (polyphagia, polydipsia/polyuria, lethargy, ataxia, pruritus, skin lesions, weight gain, changes in
sleep pattern, or other AEs to be specified) and their duration following PB initiation or dosage increase,
dose reduction or discontinuation of PB due to AEs and subsequent outcome, date of initiation of a second
AED and associated outcome, and details of epileptic seizure frequency. When assessed at the referral
institutions, all cats were examined by a board-certified neurologist or neurology resident working under

supervision of a neurology diplomate.
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Statistical analysis:

Data were analysed using XL Stat (Addinsoft SARL) and Stata (IC v 15.0, Statacorp LLC) and standard
descriptive statistics were performed. The frequency of the occurrence of AEs (total number and specified
individual adverse effect) was assessed amongst cats meeting the inclusion criteria. The Mann-Witney U
test was used to test for differences in PB dosage and serum concentration across cats with onset of AEs
and without AEs in the first month. For the AEs occurring with the highest frequency, the influence of
epilepsy aetiology (‘structural’ or ‘idiopathic’), the administration of a second AED (binary) and PB dosage
(mg/kg) at the onset of adverse effects and PB serum levels (mg/L) on the likelihood of their occurrence
was assessed in a mixed binomial/multinomial logistic regression model. As the PB serum levels were
numerically higher by a factor of 10 than PB dose levels, and the model assesses odds per unit increase,
the PB serum levels were divided by 10. Backward elimination was applied to the four variables initially

modelled, with a £ 0.1 the inclusion criterion for retention(17).

RESULTS

Seventy-seven cats fulfilled the inclusion criteria. Information on sex, breed, epileptic seizure aetiology,

including specific aetiology in cases of structural epilepsy, seizure phenotype, and diagnostic tests

performed are detailed in table 1.

Table 1: sex, breed, epileptic seizure aetiology and phenotype, and diagnostic test information of 77 cats

included in the present study:

Number Percentage
Male entire 5 6.5
Sex Male neutered 36 46.8
Female entire 2 2.6
Female neutered 34 44.2
Domestic short hair 55 71.4
Domestic long hair 13 16.9




Bengal 2 2.6
British short hair 2 2.6
Breed Maine Coon 1 1.3
Tonkinese 1 13
Burmese 1 13
Birman 1 13
Persian 1 13
Epileptic seizure Idiopathic 58 75.3
aetiology Structural 19 24.7
Structural epilepsy Trauma 5 6.5
aetiology Degenerative 4 5.2
Vascular 4 5.2
Infectious/inflammatory 3 3.9
Anomalous 2 2.6
Neoplastic 1 1.3
Epileptic seizure Generalised tonic clonic 51 66.2
phenotype Focal seizures 26 33.8
Cluster seizures or status 36 46.8
epilepticus

Haematology and serum 77 100

biochemistry
Bile acid stimulation test 23 29.9
MRI of the brain 74 96.1
Full body CT 2 2.6
Diagnostic tests CSF analysis 64 83.1
FIV/FelV test 51 66.2
Toxoplasma gondii serology 35 45.5
Toxoplasma gondii CSF PCR 12 15.6
Thoracic radiographs 18 234
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Abdominal ultrasound 26 33.8

Urine organic acid 6 7.8

screening

Seventy-six cats underwent advanced imaging of the brain (MRl in 74 cases and whole-body CT, including
the head, in 2 cases). Of the 19 cases of structural epilepsy, three cats affected by infectious or
inflammatory disease received specific treatment aimed at resolving the underlying disease. The
remainder received AEDs in all cases, and three cats also received anti-inflammatory doses of

prednisolone.

The median age of cats at the time of referral was 68.4 months (range 4 - 206.4 months; mean 71.0 + sd
46.3 months). The median age of cats affected by structural epilepsy was 73 months (range: 24 - 150
months, mean: 75 months) and the median age of those affected by idiopathic epilepsy was 60 months

(range: 4 -150 months, mean: 66 months).

The median initial dosage of PB was 2.0 mg/kg BID (range: 0.6 - 4.4mg/kg BID; mean: 2.0 + sd 0.71mg/kg
BID). PB loading was performed in five cats; the loading dose was 3mg/kg every six hours, four times, in
two patients and it was a total dose of 20mg/kg given in divided doses over 24h in the other three cats.
The median duration of PB treatment was 22 months (range 1.5 - 108 months; mean 30 + sd 27 months).
36 cats (46.8%) received a concurrent AED. This was levetiracetam in 34 cases and one case each of

zonisamide and imepitoin.

Median follow-up time was 24 months (range 1.5 - 108 months; mean 30 + sd 27 months). The primary
veterinarians’ medical records from the time of referral to the time of data collection were obtained for
95% of cats; the remaining 5% had a re-examination in one of the referral hospitals, which provided the
information required for follow-up. The owners of 36 cats (46.8%) completed the follow-up questionnaire.
The owners of 69.4% of cats reported a reduction of seizure frequency of at least 50% with PB treatment.
The seizure frequency was decreased by 25 - 49% in 8.3% of cats, was unchanged in 11.1% of cats and was

unknown in 11.1%.
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171  Type A adverse effects:

172

173 Thirty-six cats (46.7%) experienced one or more type A AEs. These are detailed in table 2.

174

175 Table 2: type A adverse effects in 36 cats. Note- several cats experienced more than one adverse effect,

176  sothe percentage total is greater than 100:

Adverse effect Number of affected cats Percentage

All adverse effects 36 100

Sedation 32 88.9

Ataxia 19 52.8

Polyphagia 8 22.2

Polydipsia 2 5.6

Polyuria 2 5.6

Anorexia 2 5.6
177
178

179 Twenty-five of these cats (69.4%) were affected by idiopathic epilepsy and 11 (30.5%) by structural
180 epilepsy. Median PB dosage at the time of AE onset was 3 mg/kg BID (range 1.25 — 5.0mg/kg; mean 2.89
181 + sd 0.89mg/kg) in cats who developed AEs compared to a median PB dosage of 2.0mg/kg BID (range 0.6-
182 3.5mg/kg; mean 2.09 tsd 0.66mg/kg) during the first month of treatment in cats that did not develop AEs
183 (Fig. 1). The difference in dosage between the two groups was statistically significant.

184

185 [Insert figure 1]

186

187 In cats experiencing AEs, median PB serum concentration at the time of onset of AEs was 36 mg/L (range
188  10.3-70 mg/L; mean 35.04%sd 16.78 mg/L). In cats that did not experience AEs, median PB serum
189 concentration at the first re-check available (range 3 weeks — 3 months after PB treatment initiation) was
190 19.3 mg/L (range 6-40 mg/L; mean 21 £ sd 11.68 mg/L). The difference in PB serum concentration between

191  the two groups was statistically significant.
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AEs were transient in 20 cats. Of these, 13 developed AEs during the inital four weeks of the PB treatment
and seven developed transient AEs during ongoing PB treatment. Eight cats showed persistent AEs. It was
not possible to determine the duration of the AEs in six cases and in two cases the patients were

euthanased, reportedly due to the severity of the AEs.

Twenty-two cats that developed AEs were administered a concurrent AED. This was levetiracetam in 21
cases (dose range 15-20mg/kg; mean 29.3mg/kg; median 20mg/kg every 8 hours) and imepitoin (20mg/kg
every 12 hours) in one case. One cat received the alternative AED prior to commencement of PB. In five
cases the concurrent AED was started at the initiation of PB treatment, in five cases between two and four
weeks following PB initiation, in nine cases more than one month after PB was initiated and the initiation
time was unknown in one case. The onset of AEs was up to three weeks after the initiation of both AEDs
in six cases, weeks-months before the second AED was added in eight cases, months after the second AED
was added in six cats and AE onset was unknown in two cases. The respective likelihood of any adverse

effect, sedation and ataxia increased by 3.2, 4.4 and 4.2 times when a second AED was used.

Type B adverse effects:

One cat showed lethargy and ataxia in all limbs two months following initiation of PB treatment at
2.6mg/kg BID. No epileptic seizures had occurred since starting therapy. Haematology revealed moderate
leukopenia with severe neutropenia (0.0 x1079/I ref. 2.5-12.5 x 1079/I). Serum biochemistry was
unremarkable. The serum PB level was 45mg/L. Bone marrow evaluation (cytology and core biopsy)
showed severe granulocytic hypoplasia suggestive of neutrophil aplasia or immune-mediated destruction
of neutrophil precursors. PB was decreased by 25% every four days and discontinued after two and half
weeks; levetiracetam (20mg/kg TID) and amoxicillin/clavulanic acid (20 mg/kg BID) were commenced. Two
weeks later the neutrophil count was 2.27 x 10°9/L and clinical signs had resolved. Six weeks and three
months later, the neutrophil levels were 2.85 x 1079/L and 6.40 x 1079/L, respectively. This cat was
considered to have type A adverse effects (lethargy and ataxia) as well as the type B haematological

abnormalities.
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One cat was reported to have consistently elevated ALT two years after PB treatment initiation. Another
cat was found to have generalised lymphadenopathy two months after starting PB. These cases were not
classified as being affected by type B AEs as the aetiology of the clinical and biochemical abnormalities

could not be definitively established from the available history.

Statistical analysis:

Logistic regression models were run for outcome variables ‘adverse effect’ (any type A adverse effects),
‘sedation’ and ‘ataxia’. The results obtained were very similar for the three models: the initial model
significantly explained the data (X? (4 > 10.6, p < 0.014) with ‘administration of a second antiepileptic drug’
and ‘PB dose on the occurrence of adverse effects’ being retained in the model (p £ 0.011) but ‘aetiology’
and ‘PB serum level’ not making the selection criterion. The final models (X? (2) > 16.2, p < 0.0001) provided
a good fit to the data (Hosmer-Lemeshaw X? 4) < 4.84, p > 0.304); the retrieved odds ratios are provided
in fig.2. However, for cats suffering AEs and cats not suffering AEs, PB serum concentration at the time of
the onset AE (mg/L) data was not normally distributed (Shapiro-Wilk W= 0.904, p < 0.006). A Mann-
Whitney U test was used to identify potential significant differences in PB serum concentration between
cats suffering AEs and cats not suffering AEs. PB concentrations were significantly higher for cats suffering
AEs (U = 244, p < 0.0001). PB dosage at the time of onset of AEs was significantly higher than that given

during the first month of treatment to cats not affected by AEs.

Figure 2: odds ratios for influence of PB dosage and administration of a second antiepileptic drug on the

occurrence of adverse effects (95% CLs):

Variable Any adverse effect Sedation Ataxia

PB dosage (1mg/kg BID) 3.1 3.4 2.7
(1.5-6.3) (1.6-7.2) (1.3--5.5)

Second AED 3.2 4.4 4.2.
(1.2-9) (1.5-13.0) (1.2-14.7)
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DISCUSSION

This retrospective study is the first to report the prevalence and characteristics of PB-related AEs in a large
population of epileptic cats. The prevalence of AEs was 47%, with sedation and ataxia being most
common. These type A AEs can be expected with PB administration, given its known pharmacological
properties. Increased PB starting dosage and use of a second AED were significant predictors of the
occurrence of adverse effects. Serum PB concentration was significantly higher in cats suffering AEs,

though logistic regression analysis determined that this could not be used as a predictor of AEs.

The prevalence of sedation (41.6%), ataxia (24.7%) and polyphagia (22.2%) associated with PB
administration in the present study was greater than that reported in a recent systematic review(1), which
found 22%, 11% and 11% prevalence of sedation, ataxia and polyphagia, respectively. The prevalence of
polydipsia (our study 3%, review 2%) was similar. Additional type A AEs which have been previously
reported at a prevalence of less than 10% in cats receiving PB include paraparesis, alkaline phosphatase
elevation, weight loss and behavioural change (1). These were not seen in our study population. One study
of dogs treated with PB, found that sedation/lethargy, ataxia, polyuria, polydipsia and polyphagia
occurred in 50%, 55%, 35%, 40% and 30% of cases, respectively(18). Therefore, type A PB-associated AEs

appear to be slightly more common in dogs compared to our feline study population.

In the present study, one cat receiving PB and levetiracetam showed a persistently elevated serum alanine
aminotransferase level that remained elevated even after discontinuation of PB. It was not possible to
determine, from the available information, the underlying aetiology of the ALT elevation, though this

finding has been previously documented in cats receiving PB(1).

Type B AEs that have been reported in cats receiving PB include pseudolymphoma, thrombocytopaenia,
stomatitis, coagulopathy, cutaneous eruptions and hyperthermia(1,11-15). These are all rare, occurring
in no more than 2% of cats treated with PB. One cat in the present study was reported to show generalised
lymphadenopathy two months after starting PB; however, the aetiology of this was unknown so it was
not classified as a type B AE. It could not be excluded that this cat was experiencing PB-induced

pseudolymphoma but information required for further confirmation of this, such as response to
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treatment modification, was not available. None of the other previously reported type B AEs were seen
in our study population, in which the only type B AE was granulocytic hypoplasia, occurring in one cat
(1.3% of the study population). The reported prevalence of haematological abnormalities in dogs treated
with PB ranges from 4.2 — 22%(7,19). These are usually subclinical(19), with only 4-5% of affected dogs
showing clinical signs(7,19). Immune-mediated peripheral destruction or immune-mediated damage of
precursor cells before their release into the peripheral blood are postulated mechanisms underlying PB-
induced haematological abnormalities in dogs and humans(6,20). The mechanism for such changes in cats

has not been investigated to date.

Some of the cats in the present study were reported to show PB side effects with low serum PB
concentrations; five cases experienced AEs with a serum PB concentration of 10-15mg/L. One of these
had post traumatic injury following a head trauma of unknown cause eight months prior to the onset of
seizure activity. The remaining five had idiopathic epilepsy. The neurological deficits shown by the cat
affected by trauma may have been difficult to distinguish from PB AEs. Three of these five cats received
levetiracetam in addition to PB, which may explain the occurrence of AEs in these individuals despite
relatively low PB serum concentration. Alternatively, it is possible that the small number of cats in this
study showing AEs with a PB serum concentration <15mg/L reflects a sensitivity in these particular

individuals to PB.

In the present study, 22/36 cats experiencing AEs were receiving a second AED in addition to PB
(levetiracetam in 21 cats, and imepitoin in one case). The addition of a second AED was significantly
associated with an increased risk of AEs. It is likely that PB and the second AED have an additive effect, so
increasing AEs. It is challenging to determine, in some cases, whether reported AEs should be attributed
to PB, the second AED, or both. Lethargy, sedation and ataxia have been previously reported in cats
treated with levetiracetam(21-23) and imepitoin(1). Adverse effects of levetiracetam and imepitoin
might, therefore, might be indistinguishable from those caused by PB. However, the majority of cases in
the present study treated with a second AED had AEs documented before the second AED was
commenced (eight cases) or weeks to months after it was started (six cases), making a causative link
impossible in the former scenario and unlikely in the latter scenario. It was impossible to determine the

relative contribution of the second AED to AEs in some cases, especially when two different AEDs were
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commenced simultaneously. This problem has also been discussed in the human literature(6). The
likelihood of AEs may be increased when two different AEDs are commenced simultaneously, as AEs were

reported in all five cases in which two AEDs were started at the same time in a previously untreated cat.

In the majority of cases, AEs occurring within a short time of PB treatment starting, being noticed in the
first month following PB initiation in 26/36 cats. In four cases, AEs were reported a significant time after
initiation of PB treatment. In two cases AEs were reported six months after starting PB, but in both these
cases AEs occurred following a dose increase due to poor seizure control and inadequate serum PB
concentrations. In two cases, both with idiopathic epilepsy, AEs occurred six years after starting PB. In one
case this was attributed to excess serum PB concentration (38mg/L). The PB dose was reduced from 2.9
to 2.1mg/kg every 12 hours and AEs resolved. Another cat developed sedation and ataxia six years
following initiation of PB treatment but no further information on this case was available. Euthanasia,
reportedly due to PB AEs, was a rare event, only occurring in two cases. The two cats which were
euthanased both had structural epilepsy (following presumptive diagnoses of neoplasia in one case and
degenerative disease in the other) and progression of these conditions may have been difficult or

impossible to distinguish from AED AEs.

AEs were transient in 20/36 affected cats. Broadly, the transience of PB-induced AEs can be attributed to
the development of pharmacokinetic and/or pharmacodynamic tolerance(4). Pharmacokinetic tolerance
occurs in dogs treated with PB whereby PB induces hepatic microsomal cytochrome P450 activity,
increasing PB clearance(24). This results in reduced serum concentration over time, despite the dosage
remaining unaltered. Hepatic enzyme induction does not appear to occur in the cat(25), possibly due to
low levels of CYP2C(26). Pharmacodynamic tolerance is likely to account for the transience of AEs seen in
the present study. Pharmacodynamic tolerance is determined by the interaction of the therapeutic
molecule with receptors which can be altered over time by processes such as desensitization, receptor

loss and exhaustion of mediators(27).

The majority of the 19 cats affected by structural epilepsy did not receive specific treatment for their
underlying disease. Only the three cats affected by inflammatory or infectious disease received specific,

definitive therapy aimed at resolving the structural brain disease. The remainder of cats with structural
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epilepsy received AEDs and in three cases also received anti-inflammatory doses of prednisolone. Some
cats with structural epilepsy may have experienced progression of disease which could affect mentation,

gait and possibly appetite and thirst- signs that could be difficult to distinguish from PB AEs.

Our study found that 75.3% of seizuring cats were affected by idiopathic epilepsy and 24.7% had structural
epilepsy. A previous study has classified the seizure aetiology in cats as reactive, structural and idiopathic
in 22%, 50% and 25% of cases respectively(28). Other studies have found the prevalence of idiopathic
epilepsy to range from 30 - 60%(8,29-32). The inclusion criteria of our study, which required participating
cats to have experienced 2 or more seizures at least 24 hours apart, meant that reactive cases were
unlikely to be included. The ratio of idiopathic to structural aetiology was greater in our study compared
to previous investigations(28,31). Possible explanations for this are: our study population may be different
to that of the other studies (reflective of different geographical or genetic background), the two centres
involved in our study attract a different caseload compared to other centres or that the difference is

simply due to chance.

While evaluating the efficacy of PB for seizure control in cats was not the primary purpose of this study,
our data reveals that 69.4% of cases achieved a seizure frequency reduction of at least 50%.This parallels
previous studies which have shown that the PB treatment is successful in the majority of epileptic
cats(30,33). A limitation of this finding is that information on seizure frequency after treatment was only
available for 31 cats. There was no obvious correlation between epilepsy aetiology and efficacy of

treatment.

There were several limitations in this study, some of which are inherent in retrospective investigations.
Diagnostic and treatment protocols and the dosage of both PB and any concurrent AED was not
standardised. Different laboratories were used to analyse blood samples and measure serum
phenobarbitone concentrations. In many cases the rationale for the addition of the second AED was not
available. The information and detail in medical records was variable. Only a small minority of cases (5%)
had follow-up assessment by a board-certified neurologist or resident working under the supervision of a
specialist. Recall bias was possible when follow-up was conducted by interviewing owners or by

questionnaire. In some cases of structural epilepsy, progression of the underlying disease may have been
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difficult to distinguish from PB AEs. While the timing of blood sampling to test serum PB concentration
with respect to PB administration varied between cases, this may not be a limitation of the study.
Following administration of PB to healthy cats, the serum concentration has been shown to increase for
up to two hours, then plateau for around 10 hours(34). The half-life of PB in cats has been reported to
range from 43.4 to 76 hours(25,34) and in dogs is 46.3-88.7 hours(35,36). 91% of epileptic dogs have been
shown to have no therapeutically relevant changes in the serum PB concentration during the 12 hour
dosing interval(37) and it is possible that the situation is similar in cats, meaning that timing of sampling

for PB serum concentration may not be important in the majority of cases.

CONCLUSIONS

The prevalence of PB-associated AEs was 47%, with sedation and ataxia being most common. These are

type A AEs and tended to occur within the first month of treatment before diminishing, likely with the

development of pharmacodynamic tolerance. A type B AE occurred in only one cat. Increasing PB starting

dosages and the addition of a second AED were significantly associated with the occurrence of AEs.

Acknowledgments:

The authors would like to thank Danica Pollard for her invaluable assistance with the statistical analysis,

as well as the owners and referring vets of all cats involved in this study.

Author note:

This paper was presented in part as an oral abstract at the European College of Veterinary Neurology

Congress, 2018, Copenhagen.

Conflict of interest:

None declared.



396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425

Funding:

The authors did not receive a specific grant for this research from any funding agency in the public,

commercial or not-for-profit sectors.

Ethical approval:

This study was approved by the Ethics Committee of the Animal Health Trust (approval number AHT62-
2016)

Informed consent:

Informed consent (either verbal or written) was obtained from the owner or legal custodian of all animals
described in this work for the procedures undertaken. No animals or humans are identifiable within this

publication, and therefore additional informed consent for publication was not required.

REFERENCES

1. Charalambous M, Pakozdy A, Bhatti SFM, Volk HA. Systematic review of antiepileptic drugs’
safety and effectiveness in feline epilepsy. BMC Vet Res [Internet]. 2018 Dec 2 [cited 2019 Nov
1];14(1):64. Available from: http://www.ncbi.nlm.nih.gov/pubmed/29499762

2. Czapinski P, Blaszczyk B, Czuczwar S. Mechanisms of Action of Antiepileptic Drugs. Curr Top Med
Chem [Internet]. 2005 Jan 1 [cited 2020 Feb 29];5(1):3—14. Available from:
http://www.eurekaselect.com/openurl/content.php?genre=article&issn=1568-
0266&volume=5&issue=1&spage=3

3. Nardou R, Yamamoto S, Bhar A, Burnashev N, Ben-Ari Y, Khalilov L. Phenobarbital but not
diazepam reduces AMPA/kainate receptor mediated currents and exerts opposite actions on
initial seizures in the neonatal rat hippocampus. Front Cell Neurosci. 2011 Jul 28;(JULY).

4. De Risio L, Platt S. Canine and feline epilepsy: Diagnosis and management. Canine and Feline



426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455

10.

11.

12.

13.

14.

Epilepsy: Diagnosis and Management. CABI International; 2014. 1-591 p.

Boothe DM. Anticonvulsant therapy in small animals [Internet]. Vol. 28, Veterinary Clinics of
North America - Small Animal Practice. W.B. Saunders; 1998 [cited 2020 Feb 29]. p. 411-48.
Available from: https://linkinghub.elsevier.com/retrieve/pii/S0195561698820111

Zaccara G, Franciotta D, Perucca E. Idiosyncratic Adverse Reactions to Antiepileptic Drugs.
Epilepsia [Internet]. 2007 Jul [cited 2019 Nov 1];48(7):1223—-44. Available from:
http://www.ncbi.nIm.nih.gov/pubmed/17386054

Bersan E, Volk HA, Ros C, Risio L De. Phenobarbitone-induced haematological abnormalities in
idiopathic epileptic dogs: prevalence, risk factors, clinical presentation and outcome. Vet Rec
[Internet]. 2014 Sep 13 [cited 2019 Nov 1];175(10):247-247. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/24836432

Barnes Heller H. Feline Epilepsy. Vet Clin North Am Small Anim Pract [Internet]. 2018 Jan 1 [cited
2019 Nov 1];48(1):31-43. Available from:
https://www.sciencedirect.com/science/article/pii/S0195561617301006?via%3Dihub

Bailey KS, Dewey CW. The Seizuring Cat. J Feline Med Surg [Internet]. 2009 May 3 [cited 2019
Nov 1];11(5):385—-94. Available from:
http://journals.sagepub.com/doi/10.1016/j.jfms.2009.03.006

Wessmann A, Volk HA, Packer RMA, Ortega M, Anderson TJ. Quality-of-life aspects in idiopathic
epilepsy in dogs. Vet Rec [Internet]. 2016 Sep 3 [cited 2019 Nov 1];179(9):229. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/27329504

Lieser J, Schwedes CS. Pseudolymphoma in a cat on phenobarbital treatment. J Small Anim Pract
[Internet]. 2018 Jul [cited 2019 Nov 1];59(7):444—7. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/28660738

Baho MJ, Hostutler R, Fenner W, Corn S. Suspected phenobarbital-induced pseudolymphoma in
a cat. ) Am Vet Med Assoc [Internet]. 2011 Feb 1 [cited 2019 Nov 1];238(3):353-5. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/21281219

Ducote JM, Coates JR, Dewey CW, Kennis RA. Suspected Hypersensitivity to Phenobarbital in a
Cat. J Feline Med Surg [Internet]. 1999 Jun 11 [cited 2019 Nov 1];1(2):123-6. Available from:
http://www.ncbi.nIm.nih.gov/pubmed/11919026

Solomon GE, Hilgartner MW, Kutt H. Phenobarbital-induced coagulation defects in cats.



456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485

15.

16.

17.

18.

19.

20.

21.

22.

Neurology [Internet]. 1974 Oct 1 [cited 2019 Nov 1];24(10):920-4. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/4472231

Djani DM, Draper WE. Suspected phenobarbital-induced fever in a cat. JFMS open reports
[Internet]. 2019 [cited 2019 Nov 1];5(1):2055116919830214. Available from:
http://www.ncbi.nIm.nih.gov/pubmed/30800413

Berendt M, Farquhar RG, Mandigers PJJ, Pakozdy A, Bhatti SFM, De Risio L, et al. International
veterinary epilepsy task force consensus report on epilepsy definition, classification and
terminology in companion animals. BMC Vet Res [Internet]. 2015 Dec 28 [cited 2019 Nov
1];11(1):182. Available from: http://www.biomedcentral.com/1746-6148/11/182

Bursac Z, Gauss CH, Williams DK, Hosmer DW. Purposeful selection of variables in logistic
regression. Source Code Biol Med [Internet]. 2008 Dec 16 [cited 2019 Nov 1];3(1):17. Available
from: https://scfbm.biomedcentral.com/articles/10.1186/1751-0473-3-17

Boothe DM, Dewey C, Carpenter DM. Comparison of phenobarbital with bromide as a first-
choice antiepileptic drug for treatment of epilepsy in dogs. J Am Vet Med Assoc [Internet]. 2012
May 1 [cited 2020 Mar 1];240(9):1073—83. Available from:
http://avmajournals.avma.org/doi/abs/10.2460/javma.240.9.1073

Habock G, Pakozdy A. Wiener tierarztliche Monatsschrift. [Internet]. Vol. 99, Wiener
Tierarztliche Monatsschrift. BWK Public Relations - Brigitte Weber-Kraus; 2012 [cited 2019 Nov
1]. 242-249 p. Available from: https://www.cabdirect.org/cabdirect/abstract/20123344724
Jacobs G, Calvert C, Kaufman A. Neutropenia and thrombocytopenia in three dogs treated with
anticonvulsants. J Am Vet Med Assoc [Internet]. 1998 Mar 1 [cited 2019 Nov 1];212(5):681-4.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/9524640

Carnes MB, Axlund TW, Boothe DM. Pharmacokinetics of levetiracetam after oral and
intravenous administration of a single dose to clinically normal cats. Am J Vet Res [Internet].
2011 Sep [cited 2019 Nov 1];72(9):1247-52. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21879984

Bailey KS, Dewey CW, Boothe DM, Barone G, Kortz GD. Levetiracetam as an adjunct to
phenobarbital treatment in cats with suspected idiopathic epilepsy. ] Am Vet Med Assoc
[Internet]. 2008 Mar 15 [cited 2019 Nov 1];232(6):867—72. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18341442



486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515

23.

24,

25.

26.

27.
28.

29.

30.

31.

32.

Lowrie M, Thomson S, Bessant C, Sparkes A, Harvey RJ, Garosi L. Levetiracetam in the
management of feline audiogenic reflex seizures: a randomised, controlled, open-label study. J
Feline Med Surg [Internet]. 2017 Feb 9 [cited 2019 Nov 1];19(2):200-6. Available from:
http://www.ncbi.nIm.nih.gov/pubmed/26690830

Hojo T, Ohno R, Shimoda M, Kokue E. Enzyme and plasma protein induction by multiple oral
administrations of phenobarbital at a therapeutic dosage regimen in dogs. J Vet Pharmacol Ther
[Internet]. 2002 Apr [cited 2020 Mar 1];25(2):121-7. Available from:
http://www.ncbi.nIm.nih.gov/pubmed/12000532

Cochrane SM, Parent JM, Black WD, Allen DG, Lumsden JH. Pharmacokinetics of phenobarbital
in the cat following multiple oral administration. Can J Vet Res. 1990;54(3):309-12.

Shah SS, Sanda S, Regmi NL, Sasaki K, Shimoda M. Characterization of cytochrome P450-
mediated drug metabolism in cats. J Vet Pharmacol Ther [Internet]. 2007 Oct [cited 2020 Mar
1];30(5):422-8. Available from: http://www.ncbi.nIm.nih.gov/pubmed/17803734

Riviere JE (Jim E, Papich MG. Veterinary pharmacology and therapeutics. 1525 p.

Schriefl S, Steinberg TA, Matiasek K, Ossig A, Fenske N, Fischer A. Etiologic classification of
seizures, signalment, clinical signs, and outcome in cats with seizure disorders: 91 cases (2000—
2004). J Am Vet Med Assoc [Internet]. 2008 Nov 15 [cited 2019 Nov 1];233(10):1591-7.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/19014293

Pékozdy A, Leschnik M, Sarchahi AA, Tichy AG, Thalhammer JG. Clinical comparison of primary
versus secondary epilepsy in 125 cats. J Feline Med Surg [Internet]. 2010 Dec [cited 2019 Nov
1];12(12):910-6. Available from: http://www.ncbi.nlm.nih.gov/pubmed/20822944

Pakozdy A, Sarchahi AA, Leschnik M, Tichy AG, Halasz P, Thalhammer JG. Treatment and long-
term follow-up of cats with suspected primary epilepsy. J Feline Med Surg [Internet]. 2013 Apr
22 [cited 2019 Nov 1];15(4):267-73. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23090332

Wahle AM, Briihschwein A, Matiasek K, Putschbach K, Wagner E, Mueller RS, et al. Clinical
characterization of epilepsy of unknown cause in cats. J Vet Intern Med [Internet]. 2014 [cited
2019 Nov 1];28(1):182-8. Available from: http://www.ncbi.nIm.nih.gov/pubmed/24237601
Schwartz-Porsche D, Kaiser E. Feline epilepsy. Probl Vet Med [Internet]. [cited 2019 Nov
1];1(4):628-49. Available from: http://www.ncbi.nlm.nih.gov/pubmed/2520139



516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534

33.

34.

35.

36.

37.

Finnerty KE, Heller HLB, Mercier MN, Giovanella CJ, Lau VW, Rylander H. Evaluation of
therapeutic phenobarbital concentrations and application of a classification system for seizures
in cats: 30 cases (2004-2013). ] Am Vet Med Assoc [Internet]. 2014 Jan 15 [cited 2019 Nov
1];244(2):195-9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24378029

Cochrane SM, Black WD, Parent JM, Allen DG, Lumsden JH. Pharmacokinetics of phenobarbital
in the cat following intravenous and oral administration. Can J Vet Res [Internet]. 1990 Jan [cited
2019 Nov 1];54(1):132-8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/2306662
Thurman GD, McFadyen ML, Miller R. The pharmacokinetics of phenobarbitone in fasting and
non-fasting dogs. J S Afr Vet Assoc [Internet]. 1990 Sep [cited 2020 Feb 29];61(3):86—9. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/2287006

Ravis WR, Pedersoli WM, Wike JS. Pharmacokinetics of phenobarbital in dogs given multiple
doses. Am J Vet Res [Internet]. 1989 Aug [cited 2020 Feb 29];50(8):1343-7. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/2782717

Levitski RE, Trepanier LA. Effect of timing of blood collection on serum phenobarbital

concentrations in dogs with epilepsy. J Am Vet Med Assoc. 2000;217(2):200-4.



Serum phenobarbitone concentration [mg/L)

Figure 1 Phenobarbitone serum concentration at the first re-examination in 41 cats that did not develop adverse effects
{green) vs serum phencbarbitone concentration in 36 cats with adverse effects (blue). The box represents median serum
phencbarbitone concentration and interguartile range, and the cross represents the mean serum concentration



