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Background: There is little evidence-based information available to guide treatment of refractory epilepsy in dogs. The

antiepileptic drug levetiracetam (LEV) is administered to dogs, although its safety and efficacy are unknown.

Objective: To evaluate the safety and efficacy of LEV as adjunctive therapy for refractory epilepsy in dogs.

Animals: Thirty-four client-owned dogs with idiopathic epilepsy.

Methods: Randomized, blinded trial involving dogs resistant to phenobarbital and bromide. Dogs received LEV

(20 mg/kg PO q8h) or placebo for 16 weeks, and after a 4-week washout were crossed over to the alternate treatment for

16 weeks. Owners kept records on seizure frequency and adverse events. Hemogram, chemistry profile, urinalysis, and

serum antiepileptic drug concentrations were evaluated at established intervals.

Results: Twenty-two (65%) dogs completed the study. Weekly seizure frequency during the 1st treatment period

decreased significantly during LEV administration relative to baseline (1.9 ± 1.9 to 1.1 ± 1.3, P = .015). The reduction in

seizures with LEV was not significant when compared to placebo (1.1 ± 1.3 versus 1.5 ± 1.7, P = .310). The most common

adverse event was ataxia, with no difference in incidence between LEV and placebo (45 versus 18%, P = .090). No changes

in laboratory parameters were identified and owners reported an improved quality of life (QOL) with LEV compared to

placebo (QOL score 32.7 ± 4.3 versus 29.4 ± 4.5, P = .028).

Conclusions and Clinical Importance: Adjunctive treatment with LEV appears safe in epileptic dogs. Efficacy of LEV

over placebo was not demonstrated, although the power of the study was limited. Further evaluation of LEV as treatment

for epilepsy in dogs is warranted.
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Epilepsy is a common neurological disorder in dogs,
affecting 0.5–5% of all dogs evaluated at veteri-

nary referral hospitals.1,2 The mainstay of treatment is
antiepileptic drugs, of which phenobarbital and potas-
sium bromide are most commonly prescribed. How-
ever, approximately 20–30% of dogs with epilepsy do
not have satisfactory seizure control or experience
intolerable adverse effects with appropriate conven-
tional medical treatment.3 Multiple new antiepileptic
drugs have been approved for human use over the
last 20 years, and several of these are being used in

veterinary medicine in an attempt to better manage
dogs with poorly controlled epilepsy.

Levetiracetam (LEV) was approved in 1999 as an
adjunct treatment for humans with partial onset sei-
zures. The unique mechanism of action of LEV is
advantageous when it is used in combination with
other antiepileptic drugs, because differing and comple-
mentary mechanisms of action are considered desirable
when instituting polytherapy. Furthermore, LEV pos-
sesses a favorable pharmacokinetic profile and low
adverse effect rate in humans. Based on the success of
LEV in the management of epilepsy in humans, there
is interest in veterinary medicine regarding its use in
epileptic dogs.

Several studies have evaluated the pharmacokinetic
properties of LEV in normal dogs when adminis-
tered by either the oral, intramuscular or intravenous
route.4–7 However, reports of the drug’s efficacy in
epileptic dogs are limited to 2 open-label studies.8,9

In addition, a therapeutic range has not been estab-
lished for dogs. A dose rate of 20 mg/kg every 8 hours
has been recommended based on studies in rodent
models of epilepsy and pharmacokinetic studies in
normal dogs that have determined the dose required
to obtain plasma concentrations similar to clinically
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relevant plasma concentrations in humans.4,7 The pur-
pose of this randomized, controlled clinical study was
to objectively evaluate the efficacy and safety of LEV as
add-on therapy in dogs with poorly controlled epilepsy.

Materials and Methods

Study Design

The randomized, placebo-controlled, double-blind, crossover

trial was conducted at the veterinary teaching hospitals (VTH) of

North Carolina State University (NCSU), University of Tennes-

see (UT) and Virginia Tech (VT) from 2003 to 2009. Inclusion

criteria for the study were (1) onset of seizures between

6 months and 5 years of age, with a minimum documented

6 month history of seizures; (2) average seizure frequency of at

least 4 per month or a history of cluster seizures (defined as 3 or

more seizures within a 24-hour period); (3) current treatment

with antiepileptic drugs at recommended dosages; (4) current or

historical treatment with phenobarbital and potassium bromide

used concurrently at therapeutic serum concentrations; (5) nor-

mal neurological examination; and (6) no abnormalities detected

on hemogram, chemistry profile, urinalysis, and bile acid toler-

ance to suggest an underlying cause for the seizures. Eligible dogs

entered an 8-week baseline assessment during which owners

recorded daily antiepileptic drugs administered, adverse effects

and seizure activity on standard forms designed for the study.

Dogs with an average seizure frequency of � 4 seizures a month

or that experienced cluster seizures during the baseline period

were randomized into the study. NCSU-VTH pharmacy person-

nel performed the study randomization and dispensed all study

related medication. Dogs were assigned to an order of treatment

groups following simple randomization procedures with a

computer-generated list of random numbers. Dogs from the 3

study sites were considered together in the randomization process

and were randomized according to enrollment date. Dog owners

and veterinary personnel involved in evaluating dogs were kept

blinded to the treatment assignment. Dogs underwent two 16-

week treatment periods, during which they received oral LEV at

a target dosage of 20 mg/kg every 8 hours during 1 period and

placebo to match during the second period.a LEV was provided

in 3 pill strengths (166.5, 250, and 500 mg), and dosage was cal-

culated to the closest half pill. The study included a 4-week wash-

out period between the 2 treatment periods, during which the

1st agent administered was titrated down approximately 25%

each week. Owners were instructed to continue to collect all data

initiated during baseline. Dosages of phenobarbital and potas-

sium bromide were not altered throughout the study. Dogs were

evaluated at the following timepoints: initial screening and base-

line initiation (week 0), initiation of the 1st treatment period

(TX1) (week 8), midpoint of TX1 (week 16), end of TX1 (week

24), initiation of the 2nd treatment period (TX2) (week 28),

midpoint of TX2 (week 36) and end of TX2 (weeks 44). At each

scheduled visit, the owners’ record of seizure activity and adverse

effects was reviewed by a blinded investigator. Physical and neu-

rological examination as well as hemogram, serum chemistry

profile, urinalysis, and serum concentrations of phenobarbital,

bromide, or both were performed at each visit. Blood was col-

lected at weeks 16, 24, 36, and 44 to assay for LEV serum con-

centrations. Blood samples were centrifuged and serum stored at

�70°C until assayed in batch through a commercial laboratoryb

or the NCSU Clinical Pharmacology Laboratory at the interim

analysis or study completion. The study protocol was approved

by the Institutional Animal Care and Use Committee at the par-

ticipating universities. All owners were required to provide

informed consent before their dogs’ participation in the study.

Seizure Frequency

Seizure monitoring was based on owner observations, with

information recorded on study forms that were adapted from

those used for human seizure monitoring. Owners were instructed

to complete a daily diary noting dose and time of medication

administered, the presence of any seizure activity, and whether

any signs of illness, change in activity or attitude were noted. In

addition, owners were directed to complete a separate seizure

record immediately after any observed seizure to provide a tabu-

lation of number of seizures. Based on the owner records, a

weekly seizure frequency was compiled for each dog throughout

the study. To standardize the number of seizures for each dog

with differing number of weeks of follow up in each of the study

periods (ie, 8 weeks for baseline, and 16 weeks for placebo and

LEV treatment), the number of seizures reported for each study

period were summed up and divided by the number of weeks of

observation in that study period. The weekly seizure frequency

for each of the study periods (baseline, placebo administration,

and active treatment) was calculated and compared as the pri-

mary efficacy variable. Secondary efficacy variables compared

between treatment periods included the median percent reduction

in seizures from baseline, the proportion of dogs classified as

responders (experiencing a � 50% decrease in seizure frequency

from baseline), and the proportion of dogs becoming seizure free.

Seizure frequency data from the first 14 dogs to complete the

trial were utilized in a study performed by one of the authors on

the placebo effect in canine epilepsy trials.10

Quality of Life Questionnaire

Owners were asked to complete a quality of life (QOL) ques-

tionnaire at the end of baseline (week 8) and at the end of TX1

and TX2 (weeks 24 and 44, respectively). The questionnaire was

adapted from one previously utilized to assess QOL in epileptic

dogs.11 Owners were asked to answer 12 questions with a bipolar

response scale of 1 (strongly agree) to 5 (strongly disagree). Ques-

tions were worded such that a better QOL corresponded to a

response of 1 in some instances and a response of 5 in others.

For the analyses, scales from all the questions were standardized

such that a high response to any question was positive. A QOL

score was computed by compiling responses to the questionnaire,

with a possible score of between 12 and 60, and a higher overall

score indicating a better QOL.

Statistical Analysis

Differences in the distribution of baseline characteristics and

secondary efficacy variables between treatment arms were tested

with a Fisher’s exact test for categorical variables and the

Wilcoxen rank sums test for continuous variables. To compare

differences between groups at specific time points over the course

of the study, mixed models were fit that accounted for the

repeated measurements within dogs over time as well as treat-

ment order and week of treatment. For continuous data, mixed

linear models were used. For categorical data, generalized esti-

mating equations (GEE) methods were used. A significance level

of P < .05 was established for all analyses.

Results

The disposition of study participants is summarized
in Figure 1. Fifty dogs underwent baseline assessment,
of which 16 (32%) were subsequently determined to be
ineligible and were not randomized. Of the 34 dogs
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randomized into the treatment phase of the study, 21
were enrolled through NCSU, 10 were enrolled
through UT, and 3 were enrolled through VT. Breeds
represented included mixed breed (n = 6), Labrador
Retriever (n = 4), Jack Russell Terrier (n = 3), Beagle
(n = 3), Golden Retriever (n = 2), Boxer (n = 2), and
1 each of Doberman Pinscher, Pembroke Welsh Corgi,
Australian Shepherd, Shih Tzu, Border Collie, Dalma-
tian, Boykin Spaniel, Collie, Pekingese, Greyhound,
Siberian Husky, Pug, Great Dane, and Miniature
Poodle. There were 21 males (17 neutered) and 13
spayed females, with a body weight of 25.9 kg (med-
ian, range 5.80–75.5 kg). The age at study enrollment
was 5.0 years (median, range 1.5–10 years), whereas
the age at onset of seizures was 1.5 years (median,
range 0.5–5 years). Based on owner description, 24
dogs (71%) had only generalized seizures and 10 dogs
(29%) had both generalized and partial motor
seizures.

At the time of randomization, 27 dogs (79%) were
being administered phenobarbital and bromide, 4 dogs

(12%) were on phenobarbital alone, and the remaining
3 dogs were treated with a combination of bromide
and zonisamide (n = 1, 3%), phenobarbital and gaba-
pentin (n = 1, 3%), or phenobarbital, bromide and
gabapentin (n = 1, 3%). The daily phenobarbital dose
(n = 33) was 8.7 mg/kg (median, range 2.9–17.2 mg/
kg), with a phenobarbital serum level of 28.13 lg/mL
(mean, range 15.77–36.40 lg/mL). Daily bromide
dose (n = 29) was 39.1 mg/kg (median, range 13.6–
133.3 mg/kg), with a bromide serum concentration of
186.20 mg/dL (mean, range 71.18–390 mg/dL).

Twenty-two dogs were randomized to receive LEV
during TX1 and 12 were randomized to receive pla-
cebo. The dose of LEV administered was 20.6 mg/kg
(median, range 17.0–23.1 mg/kg) every 8 hours. Dog
demographics and history of epilepsy with respect to
TX1 are summarized in Table 1. Analysis of this data
revealed a significant imbalance between initial treat-
ment arms with respect to age of seizure onset
(P = .027) and bromide dose (P = .008). An imbalance
was also noted for daily phenobarbital dose, although

Fig 1. Disposition of dogs participating in the clinical trial.
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the difference was not significant (P = .326). Because
differences in antiepileptic drug dosages could bias the
outcome measures, the phenobarbital and potassium
bromide doses were used as covariates to adjust for
these differences. Both unadjusted and adjusted analy-
ses were performed.

Twenty-two dogs (65%) completed the study. Six
dogs died during the course of the study, including 4
that died or were euthanized as a result of uncon-
trolled seizures. One dog died because of acute respira-
tory distress while being administered placebo and
another dog was euthanized because of acute non-
ambulatory tetraparesis during LEV administration.
Necropsy was not performed in either of these dogs to
determine a cause for the clinical signs. There was no
difference in dropout rates between the dogs random-
ized to receive LEV and those randomized to receive
placebo during TX1. Dropouts were such that only 16
(73%) of the dogs randomized to LEV for TX1 and
10 (83%) of the dogs randomized to placebo for TX1
crossed over to TX2.

Because the power of the analysis to detect differ-
ences among dogs that crossed over to TX2 was
reduced by the high dropout rate, subsequent statisti-
cal analyses were performed between the group of
dogs receiving LEV during TX1 and the group of dogs
receiving placebo during TX1, rather than comparing
dogs within each group that crossed over to TX2. The
weekly seizure frequency during TX1 for LEV and pla-
cebo compared to baseline is depicted in Figure 2.
There was no significant difference in baseline weekly
seizure frequency between the 2 treatment groups in
either the unadjusted or adjusted analysis (P = .774
and P = .640, respectively). Dogs receiving LEV dur-
ing TX1 has a significant decrease in weekly seizure
frequency compared to baseline (1.9 ± 1.9 to 1.1 ± 1.3
(mean, SD), P = .015). Dogs receiving placebo during
TX1 had a weekly seizure frequency of 1.5 ± 1.7 com-
pared to 2.2 ± 3.3 at baseline (P = .098). When the
weekly seizure frequency during TX1 was compared
between dogs receiving LEV and dogs receiving pla-
cebo, no significant difference was identified in either
the unadjusted or adjusted analysis (P = .497 and
P = .310, respectively).

Secondary efficacy variables were evaluated for the
28 dogs completing TX1. No significant difference was
identified between dogs receiving LEV and dogs receiv-
ing placebo with respect to percent reduction in
seizures compared to baseline (median, 61 versus 39%,
P = .116), proportion of dogs classified as responders
with a � 50% decrease in seizure frequency from base-
line (56 versus 30%, P = .184), or proportion of dogs
becoming seizure free (17 versus 0%, P = .249).

For the group of dogs as a whole, there was a statis-
tically significant decrease in weekly seizure frequency
over the course of the study (P = .015) regardless of
treatment order. Weekly seizure frequency during
baseline, TX1, and TX2 was 2.1 ± 2.5, 1.2 ± 1.5, and
1.0 ± 1.0, respectively.

Table 1. Patient demographics and history of epilepsy based on 1st treatment period.

Variable Placebo (n = 12) Levetiracetam (n = 22) P-value

Age, years median (range) 5.0 (3.0, 10.0) 4.5 (1.5, 10) .592

Weight, kg median (range) 27.1 (7.7, 75.5) 24.4 (5.8, 58.0) .493

Sex .364

Female spayed 6 (50%) 7 (32%)

Male 2 (17%) 2 (9%)

Male neutered 4 (33%) 13 (59%)

Age at onset of seizures, years median (range) 2.0 (1.0, 4.5) 1.0 (0.5, 5.0) .027

Seizure duration, years median (range) 2.5 (1.5, 7.0) 3.25 (0.75, 7.0) .864

Seizure type 1.00

Generalized 9 (75%) 15 (68%)

Partial and generalized 3 (25%) 7 (32%)

Phenobarbital dose, mg/kg/d median (range) 9.7 (2.9, 13.8) 7.2 (3.8, 17.2) .326

Bromide dose, mg/kg/d median (range) 72.2 (22.2, 133.3) 34.0 (13.6, 84.2) .008

Fig 2. Mean weekly seizure frequency relative to baseline for

dogs receiving placebo (n = 12) and levetiracetam (n = 22) during

the 1st treatment period. Central lines of the box represent the

median, upper and lower limits of the box represent the 75th and

25th percentiles, and whiskers represent the 90th and 10th per-

centiles. Mean values are denoted by . * denotes a statistically

significant difference compared to baseline.
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The most frequent adverse events reported through-
out the study were ataxia, restlessness, anorexia,
and vomiting (Table 2). Ataxia denoted owner-based
observations of clumsiness, stumbling, wobbly or drun-
ken gait, incoordination, or poor balance. A significant
increase in the incidence of any adverse event
(P = .013) and ataxia in particular (P = .002) was
noted in dogs receiving LEV during TX1 compared to
baseline. Although adverse events were reported more
often in dogs receiving LEV during TX1, analysis did
not demonstrate a significant difference in incidence
compared to placebo (P = .186). No clinically relevant
change from baseline was found for any laboratory
parameter on hemogram, chemistry profile or urinaly-
sis, and no differences in mean serum phenobarbital
and bromide concentrations were identified during
LEV administration compared to placebo.

Levetiracetam serum concentrations were measured
in 26 dogs at 8 and 16 weeks after initiation of LEV
treatment. The timing of sample collection was not
standardized for the study. Serum LEV concentrations
were highly variable, ranging from <2 to 50.8 lg/mL.
Values less than 5 lg/mL were obtained at one or
more sampling points in 10 (38%) of the dogs. Linear
regression analysis did not identify an association
between LEV serum concentration and weekly seizure
frequency (r2 = 0.09, P = .25). Similarly, the serum
LEV concentrations did not differ significantly between
dogs classified as responders and nonresponders
(Fig 3).

In evaluation of QOL scores, both unadjusted and
adjusted comparisons were computed. There was no
significant difference in baseline QOL scores between
dogs receiving LEV during TX1 and those receiving
placebo. The QOL score increased from a baseline
value of 30.4 ± 5.6 to 32.7 ± 4.3 (mean, SD) during
administration of LEV in TX1 (P = .009). The dogs
receiving placebo during TX1 had an increase in QOL
score from baseline of 28.5 ± 5.1 to 29.4 ± 4.5
(P = .591). As the QOL score was lower in the placebo
group at baseline, an additional model was fit to
adjust for this. The resulting covariate analysis
revealed a significant difference between LEV and pla-
cebo groups at TX1 (P = .028). In addition, a signifi-
cant increase in QOL score was noted for all dogs
over the course of the study, regardless of treatment

group (29.7 ± 5.4 during baseline, 31.5 ± 4.6 during
TX1, 32.5 ± 3.8 during TX2, P = .0002). Owners of 9
(41%) of the dogs completing the study chose to con-
tinue to utilize LEV as a component of their dog’s
long-term epilepsy treatment regimen.

Discussion

The aim of the present study was to objectively eval-
uate LEV as a treatment for medically resistant canine
epilepsy. Results of this study failed to demonstrate
the efficacy of LEV compared to placebo when admin-
istered as add-on therapy in dogs with refractory
epilepsy. Although LEV appeared to be efficacious
relative to baseline, no significant difference was identi-
fied when seizure frequency during LEV administra-
tion was compared to placebo.

Currently, there is no evidence-based consensus in
veterinary medicine regarding the optimal approach to
managing a dog with refractory epilepsy. Rather, treat-
ment recommendations are frequently based on clinical
experience and results of a few open label trials. Two
previously published open-label trials on LEV as
add-on therapy for refractory epilepsy in dogs have
reported a favorable treatment response compared to
baseline.8,9 In 1 study involving 14 dogs, a 77%
decrease in seizure frequency was reported during LEV
administration compared to baseline, and 57% of dogs
were classified as responders.8 An overall reduction in
seizure frequency of 54% compared to baseline with
LEV administration was reported in a 2nd study of 15
dogs.9 Findings from these open-label trials suggest

Table 2. Adverse events reported throughout the
study based on treatment group (incidence 5% or
more in at least one treatment group).

Adverse Event

Baseline

(n = 34)

Placebo

(n = 26)

Levetiracetam

(n = 28)

Any adverse

event

14 (41%) 11 (43%) 16 (57%)

Ataxia 7 (21%) 6 (23%) 11 (39%)

Restlessness 4 (12%) 3 (12%) 4 (14%)

Vomiting 1 (3%) 2 (8%) 3 (11%)

Decreased

appetite

1 (3%) 1 (4%) 2 (7%)

Fig 3. Mean serum levetiracetam (LEV) concentrations in dogs

classified as responders (� 50% reduction in seizures during LEV

administration compared to placebo) and nonresponders. Central

lines of the box represent the median, upper and lower limits of

the box represent the 75th and 25th percentiles, and whiskers

represent the 90th and 10th percentiles. Mean values are denoted

by &.
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that LEV administration is effective in controlling
seizures in refractory epilepsy in dogs, which is not in
accordance with the results of the present placebo
controlled trial. Open-label observational studies of
epilepsy treatments in humans frequently identify
greater efficacy compared to randomized controlled tri-
als,12 and has been demonstrated with LEV.13 This has
been attributed to potential selection bias in the case
of open-label trials, as well as the potential loss of
investigator and patient objectivity in such studies.12,13

Furthermore, the previous studies evaluating LEV
for epilepsy in dogs were not designed to account for
any placebo response, and consequently the reported
efficacy in these studies is likely overstated based on
the surprisingly large placebo effect demonstrated in
the present study. The first 14 dogs to complete the
current trial were included in a recently published
report on the placebo effect in dogs with epilepsy.10

The study involved dogs from 2 other randomized epi-
lepsy trials, and identified an overall placebo response
rate of 29%.10 A clinical benefit attributable to
placebo administration is commonly identified in
controlled trials involving humans with epilepsy. Meta-
analyses of randomized add-on trials of antiepileptic
drugs have demonstrated a pooled placebo responder
rate of 10–15%,14–16 with a statistically significant
placebo effect identified in 20 of 27 studies in 1
analysis.16 In addition, a recent review of the efficacy
of newer anti-epileptic drugs relative to placebo dem-
onstrated relatively small placebo-corrected responder
rates of 6–21% for these drugs.17 The placebo
response observed in epilepsy trials has been attributed
to regression to the mean, or the natural tendency for
seizures to wax and wane over the course of disease,
and for novel treatment to be initiated when seizures
are most severe, such that seizures should improve
over time regardless of treatment. Other factors that
might play a role are the Hawthorne effect, in which
individuals report an improvement that is attributed to
additional attention provided during study participa-
tion, and the potential for improved adherence to the
anti-epileptic drug treatment regimen during study
participation. Interestingly, dogs in the present study
demonstrated a significant reduction in seizure fre-
quency over the course of the study as well as a signifi-
cant improvement in owner perceived QOL, regardless
of treatment arm. This supports the notion that factors
independent of the medication being administered are
contributing to the improvement noted.

Levetiracetam is promoted as having a wide margin
of safety when compared to other antiepileptic drugs.
Findings from this study support the premise that
LEV is generally well tolerated when used as add-on
therapy in dogs with epilepsy, but it is not free of
adverse effects when administered at a dose of 20 mg/
kg every 8 hours. A significant increase in ataxia was
identified during LEV administration compared to
baseline, but was not determined to be significant
when compared to placebo. However, the difference in
incidence of ataxia between the dogs that received
LEV and those that received placebo during TX1 (45

versus 18%, P = .090) was fairly large, and it is possi-
ble that significance would have been achieved with a
larger sample population. The only previously reported
adverse event attributed to LEV was transient sedation
in 1 dog.8 LEV treatment was initiated at a lower dose
(10 mg/kg every 8 hours) than that utilized in the cur-
rent study, and as it is common for central nervous
system (CNS)-related adverse events such as ataxia to
increase with higher doses of antiepileptic drugs,18 the
difference in findings between the 2 studies might be
explained by this. The most common adverse events
associated with LEV administration in humans are
also CNS related, and include asthenia, somnolence,
and headache.19,20 Vomiting and decreased appetite
were reported in dogs in the present study, and nausea
has been described as an uncommon adverse event in
humans.19 In addition, LEV administration has
demonstrated no clinically relevant effect on routine
laboratory parameters21 or on serum antiepileptic drug
concentrations in humans,22 and findings from the
present trial suggest this might be the same in dogs.

A significant improvement in QOL score was identi-
fied during LEV administration compared to placebo.
A reduction in seizure frequency was also observed
during LEV administration compared to placebo,
which was not statistically significant but nonetheless
might have resulted in modest changes that owners
perceived as improved QOL in their dogs. It is also
possible that LEV administration somehow improved
QOL independent of seizure control, but this is consid-
ered less likely. The improved QOL cannot be attrib-
uted to a decrease in medication-related adverse
effects, as the incidence of adverse events increased
during LEV administration. Furthermore, there were
no adjustments to dosages of other antiepileptic drugs
during the study that could have accounted for an
improved QOL by alleviating a less tolerable adverse
effect associated with another medication.

Considerable variability in LEV serum concentra-
tions was identified among study dogs, and wide fluc-
tuations in LEV serum concentrations were noted in
individual dogs across sampling points. This variability
might be caused by the lack of standardization in
the timing of sample collection with respect to drug
administration. LEV has a half-life of approximately
3 hours in dogs,5,7 and consequently, variations in
serum concentrations are expected during an 8-hour
dosing interval. Appointment times varied among the
participating study centers, and the long distance that
some owners traveled to participate in the study
limited the time of day that dogs were evaluated. The
wide range of LEV concentrations identified in this
study might also be a reflection of interindividual vari-
ation, which has been reported in humans.23 Ideally,
both peak and trough serum concentrations would
have been evaluated in each dog, although this was
not possible within the constraints of this study.

A therapeutic range for LEV has not been estab-
lished in humans. Target ranges suggested for seizure
control have been reported as 12–46,24 13–42,25 and
5–30 lg/mL,26 although routine monitoring of LEV
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concentrations is rarely performed in clinical practice.
There is no information available regarding a thera-
peutic range in dogs. However, if one utilizes the
human reference range and assumes a minimum serum
concentration of 5 lg/mL is needed to achieve seizure
control in dogs, it is interesting to note that 38% of
dogs in the present study had concentrations at one or
more sampling point that would be considered sub-
therapeutic. All of the dogs were concurrently being
administered other antiepileptic drugs, with phenobar-
bital prescribed most commonly. Studies in humans
have shown that concomitant administration of
antiepileptic drugs that induce cytochrome P450
metabolism, such as carbamazepine, phenobarbital,
and phenytoin, can alter the disposition of LEV.27

Recently, it has been demonstrated that phenobarbital
administration significantly alters the pharmacokinetics
of LEV in normal dogs.28 These findings suggest that
the standard recommended dosage of 20 mg/kg every
8 hours might not be sufficient to maintain serum con-
centrations within the proposed therapeutic range
when LEV is used in conjunction with phenobarbital.

An association between LEV serum concentrations
and response to treatment was not identified in the
dogs studied. Similarly, no straightforward relationship
has been identified between LEV concentrations and
clinical effects in humans.23 Further study is necessary
to establish a therapeutic range in dogs, as well as to
determine recommendations for therapeutic monitoring
in dogs when LEV is administered to dogs concurrent
with other antiepileptic drugs.

One major weakness of the study is the divergence
in group sizes for the 1st treatment period that
occurred despite randomization; 22 dogs were random-
ized to receive LEV during the 1st treatment period,
whereas only 12 dogs were randomized to receive pla-
cebo. This is attributed to the simple randomization
process used, which was judged to be adequate during
study design based on the crossover nature of the trial.
However, the unanticipated high dropout rate resulted
in a disparity in the size of groups available for data
analysis at study completion. This problem could have
been avoided by utilizing block randomization, review-
ing the randomization scheme produced by the ran-
dom number generator to ensure that balance was
achieved, or performing an interim analysis and chang-
ing the allocation of dogs to study groups as needed.

Additional limitations in this study are a reflection
of the relatively small sample size. The high dropout
rate resulted in a lower number of dogs completing the
study than anticipated, and negatively influenced the
power of the study to detect a difference in treatment
groups. The power analysis performed as part of the
trial design established a target enrollment of 50 dogs,
and accounted for a 10% dropout rate. The actual
dropout rate for dogs randomized into the study was
35%, and is believed to be a manifestation of the
severity of epilepsy in the population of dogs studied.
As LEV was evaluated as add-on therapy for refrac-
tory epilepsy, the study selected for dogs with severe,
poorly controlled seizures. Of the 50 dogs enrolled in

the study, 8 (16%) died or were euthanized during the
course of the study as a direct result of the severity of
their seizures. A 2nd factor that weakened the power
of the study to detect a difference in treatment arms
was the magnitude of the placebo effect. Indeed,
knowledge of the magnitude of the placebo effect is
very important in calculating sample size in the plan-
ning of placebo-controlled clinical trials,16 and limited
information was available in this regard at the time of
trial initiation. Finally, epidemiological studies in
humans with epilepsy have documented that only a
small number of individuals who are refractory to 2 or
more antiepileptic drugs achieve better seizure control
when a 3rd medication is added to the treatment
regime,29 and it is possible that a similar situation
exists in dogs. Consequently, a larger sample popula-
tion might be required to identify a beneficial effect of
LEV administration. The trend toward a decrease in
seizure frequency and increase in responder rate during
LEV administration compared to placebo that was
identified in this trial warrants further evaluation in a
larger scale study.

Results of the study suggest that LEV is safe when
used as adjunctive treatment in dogs with poorly con-
trolled epilepsy and that owners perceive an improved
QOL for their dog during LEV administration,
although the study failed to establish the efficacy of
LEV when compared to placebo. The study also iden-
tified some obstacles inherent in epilepsy trials in dogs,
including case dropout and the placebo effect. Knowl-
edge of these should prove valuable in the design of
future epilepsy trials in dogs. Additional studies are
needed to better understand the potential role of LEV
in the treatment of epilepsy in dogs both as add-on
therapy and as a first-line treatment.

Footnotes
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