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Abstract

Background: Status epilepticus (SE) is an emergency associated with serious
consequences for both patient and owner. Data regarding risk factors for short-term
mortality or recurrence in dogs with SE is limited.

Objective: Identify risk factors associated with short-term mortality (euthanasia or
spontaneous death) and recurrence of SE in dogs.

Animals: One hundred twenty-four client-owned dogs that sustained an episode of SE.
Methods: Retrospective multicenter study using data collected from medical records
of dogs presented in SE to the contributing institutions. Multivariable logistic regres-
sion analysis was performed using a manual backwards stepwise approach to identify
risk factors associated with short-term mortality and recurrence of SE after
discharge.

Results: Short-term mortality for affected dogs was 29.8%. Factors significantly asso-
ciated with short-term mortality included increased patient age, shorter duration of
hospitalization, development of SE before arrival, and SE caused by a potentially fatal
etiology. Status epilepticus recurred in 27% of dogs that survived to discharge. Fac-
tors significantly associated with recurrence of SE included prior history of
pharmacoresistant epilepsy and predominance of a focal seizure phenotype.
Conclusions and Clinical Importance: Our results may be used to inform clinicians
and dog owners regarding risk factors for both short-term mortality and recurrence
in dogs with SE.
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1 | INTRODUCTION

Epilepsy is a complex brain disease characterized by an enduring pre-
disposition to generate epileptic seizures, which manifest as a tran-

sient disturbance in any combination of motor, autonomic, cognitive,
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and sensory functions. In most cases, seizures are short, and their
duration is typically fewer than 3 minutes.® Status epilepticus (SE) is
the result of failure of a seizure to spontaneously terminate. In current
veterinary and human medical literature, SE is defined as either
>5 minutes of continuous seizure activity or, in the case of generalized
convulsive seizures, 22 discrete seizures between which incomplete
recovery of consciousness occurs.'® In dogs, SE is a life-threatening
neurologic emergency that has both immediate and potentially long-
term implications for both the patient and owner.*¢ Status epilepticus
may occur in patients with idiopathic epilepsy (IE), structural epilepsy,
or be a reactive event (such as after intoxication or metabolic insults).>”
Rapid treatment of SE is imperative, given that increased duration of SE
is associated with decreased likelihood of emergency treatment effi-
cacy and increased risk of permanent neurologic and systemic morbid-
ity.#810 Despite treatment, a substantial number of both human and
veterinary patients with SE do not survive to hospital discharge.*%*?
Status epilepticus is frequently the initial manifestation of a seizure dis-
order in both dogs and humans, with a subset of patients going on to
experience recurrent episodes of SE despite antiseizure drug ther-
apy.*71® Significant factors associated with recurrent SE in humans
include age <4 years, female sex, lack of response to first-line treatment
of SE, and remote symptomatic (such as after a cerebrovascular acci-
dent or head trauma) and progressive (such as neurodegenerative dis-
eases or malignancies not in remission) etiologies of SE.1* Although
research has been performed regarding risk factors for the develop-
ment of SE in dogs, little study has been undertaken to identify risk fac-
tors regarding mortality or recurrence of SE.°

Our aims were 2-fold. We aimed to identify variables that signifi-
cantly influence a dog's likelihood of mortality after an episode of
SE. Second, in those that survived to discharge, we attempted to iden-
tify factors associated with recurrence of SE after discharge from the

hospital.
2 | MATERIALS AND METHODS
2.1 | Case selection and inclusion criteria

Dogs admitted to the Small Animal Teaching Hospital (University of Liv-
erpool), Queen Mother Hospital for Animals (Royal Veterinary College,
University of London), and the Small Animal Hospital (University of
Glasgow) that experienced SE in the hospitals between 2004 and 2017
were retrospectively identified from each hospital's database by
searching for “status epilepticus.” Status epilepticus was defined
according to the International Veterinary Epilepsy Task Force:
25 minutes of continuous seizure activity, or in the case of general-
ized convulsive seizures, 22 discrete seizures between which there
is incomplete recovery of consciousness.! Dogs were included in
the study if they had experienced an episode of SE that resulted in
hospitalization or sustained SE while hospitalized and had medical
records available for review. Dogs were excluded from participation
if their medical records were incomplete, if they received no treat-

ment for SE or if a diagnosis was not recorded.

The following data were extracted from the patients' medical
records: age, sex, breed, neuter status, body weight, clinical, and neu-
rological examination findings on admission, age at first seizure epi-
sode, whether the dog had seizured previously or if SE was the first
seizure episode identified, if initiation of SE was before admission or
during hospitalization, underlying etiology for SE (and its potential to
be considered fatal independent of SE), the presence of preexisting
comorbidities (preexisting diseases not directly related to SE), acute
complications during hospitalization for SE (pyrexia, acute kidney
injury, acute liver injury, or aspiration pneumonia), a history of
pharmacoresistant epilepsy (<50% decrease in seizure frequency with
at least 2 antiseizure medications despite optimal dose, or serum con-
centration or both), predominant seizure phenotype (focal vs general-
ized), duration of first SE episode resulting in referral hospitalization
(categorized as <30, 30-60, or >60 minutes), duration of hospitaliza-
tion, whether insured or not insured, whether dogs survived to dis-
charge, neurologic status at discharge, and whether and when SE
subsequently recurred after discharge in those that survived. Treat-
ments administered to each patient were identified from the medical
records. Many different treatment combinations were used and so
each medication was assessed individually, but treatment protocols
also were categorized as including constant rate infusions (CRIs) or
not and, if so, of propofol or benzodiazepines. Initial response to ben-
zodiazepine administration, even if it resulted in treatment failure
minutes later also was recorded.

Possible underlying etiologies for SE were categorized as IE, struc-
tural epilepsy, or reactive seizures. ldiopathic epilepsy was diagnosed
after exclusion of reactive seizure etiologies, along with cerebrospinal
fluid analysis and either normal magnetic resonance imaging of the brain
or abnormalities consistent with postictal brain pathology.'>1¢ Structural
epilepsy included vascular, neoplastic, inflammatory, traumatic, degener-
ative, or congenital diseases capable of contributing to epileptic seizure
episodes, which were identified using some combination of cerebrospi-
nal fluid analysis, magnetic resonance imaging, and necropsy examina-
tion. Reactive seizures were diagnosed if a metabolic etiology or
intoxication was identified or strongly suspected based on historical
information (such as exposure to a seizurogenic toxin, hepatic encepha-
lopathy, hypertriglyceridemia, hypoglycemia, electrolyte disturbances,
hyperthermia, or cerebral hypoxia). Intoxication was the designated eti-
ology in dogs in which toxin exposure was confirmed or suspected
based on witnessed ingestion of a known toxin. Metabolic seizure etiol-
ogies were established based on clinicopathological investigations and
diagnostic imaging if deemed clinically appropriate.

An etiology was considered potentially fatal if it could cause death
regardless of SE. This criterion was modified and applied from a human
medical classification, and included large vessel ischemic and hemor-
rhagic stroke, acute central nervous system infections, severe systemic
infection, brain neoplasia, chronic renal insufficiency requiring dialysis,
systemic vasculitis, metabolic disturbance or acute intoxication, eclamp-
sia, and intracranial tumor surgery.” Noninfectious meningoencephalitis
also was considered potentially fatal in our study.

For the purpose of our study, recurrence of SE while the patient

was still hospitalized was not considered true recurrence but instead



658 | Journal of Veterinary Internal Medicine AC\?' M

FENTEM ET AL.

American College of
Medi

Veterinar ternal Medicine

considered a treatment failure or inadequate treatment. For dogs in
which SE recurred, the time between discharge and first recurrence
was recorded. Dogs were discharged after at least 24 hours of being
seizure-free. Electroencephalographic confirmation of nonconvulsive
seizure activity was not performed. All cases were managed by board-
certified or board-eligible veterinary neurologists, or veterinary neu-
rology residents under supervision. Ethical approval for use of data
was granted by the Ethics Committee of the University of Liverpool
(VREC522) and Royal Veterinary College, University of London (URN
SR2019-0324).

2.2 | Statistical analysis

Statistical analysis was performed using the software SPSS 22.0 (SPSS
Inc, Chicago, lllinois). Continuous data were tested for normality using
the Shapiro-Wilk test. Most data were not normally distributed, and
therefore descriptive statistics were calculated as medians and inter-
quartile ranges (IQR).

Univariable logistic regression was performed to identify clinical
variables associated with short-term mortality and with recurrence of
SE. Any independent variable demonstrating some association on pre-
liminary univariable analysis (P < .25) was considered for inclusion in a
multivariable model. Before multivariable analysis, all variables were
assessed for correlation using Spearman's rank correlation coeffi-
cients. If Spearman's rank correlation coefficient was >0.8, the most
statistically significant or biologically plausible variable was selected.
The goodness-of-fit of the final models was assessed using the
Hosmer-Lemeshow test.

Multivariable models then were constructed using a manual back-
wards stepwise removal approach. Variables with P < .05 were retained
as statistically significant. Variables included in the univariable analysis
for short-term mortality included: age, sex, neuter status, body weight,
institution, whether or not SE was the first seizure episode identified, if
initiation of SE was before admission or during hospitalization, underlying
etiology for SE (categorized as IE, structural epilepsy, or reactive sei-
zures), if etiology was considered fatal independent of SE, presence of
acute complications during hospitalization for SE (categorized as aspira-
tion pneumonia, acute kidney injury, or acute liver injury), identification
of pyrexia during hospitalization, history of pharmacoresistant epilepsy,
identification of preexisting comorbidities, predominant seizure pheno-
type (categorized as focal or generalized), duration SE (categorized as
<30, 30-60, or >60 minutes), duration of hospitalization (days), insurance
status, whether antiseizure medications were administered before the SE
episode, which antiseizure medications were used during the SE episode
(categorized as diazepam, midazolam, phenobarbital, levetiracetam, prop-
ofol, ketamine, and rectal potassium bromide), number of medications
used during SE episode, initial response to benzodiazepine administration
and whether CRIs of benzodiazepines or propofol were used during
management of the SE episode. Institution was forced into the multivari-
able model because of the lack of a sample size power calculation that
allowed complete rejection of the effect of this variable in order to con-

trol for it as a potential confounding variable.

Variables included in the univariable analysis for recurrence of
SE included: age, sex, neuter status, body weight, institution, whether
SE was the first seizure episode identified, underlying etiology for SE
(categorized as IE, structural epilepsy, or reactive seizures), history of
pharmacoresistant epilepsy, predominant seizure phenotype (catego-
rized as focal or generalized) and whether new antiepileptic medica-
tions had been started after initial management of the SE episode.
Finally, time-to-event analysis was used to construct a Kaplan-Meier

plot of cumulative probability of nonrecurrence.

3 | RESULTS

3.1 | Descriptive statistics

Of 175 cases initially identified from the database search, 124 cases
fulfilled the inclusion criteria. Forty-five cases were excluded because
of incomplete medical records, 4 cases were excluded because a diag-
nosis could not be established, and 2 cases were excluded because
treatment for SE was not attempted. Forty-seven cases were contrib-
uted from the University of Liverpool, 28 from the Royal Veterinary
College, University of London, and 49 from the University of Glasgow.
The median age of dogs included was 54 months (IQR, 24-96 months).
Median body weight was 15.4 kg (IQR, 8.6-24 kg) and 49 dogs were
female (36 neutered) and 75 male (47 neutered). Among the 124 dogs
included, 39 different breeds were represented. The most frequently
documented breeds were Labrador Retrievers (n = 17), crossbreed
(n = 17), Border Collie (n = 7), Boston Terrier (n = 5), English Springer
Spaniel (n = 5), Boxer (n = 5), Pug (n = 5), and French Bulldog (n = 5).
These breeds alone comprised 53.2% of the study population.

Nineteen dogs (15.3%) developed their first episode of SE while
hospitalized, compared to 105 dogs (84.7%) that experienced SE
before hospital admission. Status epilepticus was the first seizure man-
ifestation in 56 dogs (43.5%). The suspected seizure etiology was avail-
able for 124 cases, with 50 being diagnosed with IE (40.3%), 47 with
structural epilepsy (37.1%), and 27 with reactive seizures (22.6%). The
structural epilepsy category consisted of 28 dogs with inflammatory
disease (22.6%), 16 with neoplasia (12.9%), 1 with cerebrovascular dis-
ease, 1 with traumatic brain injury, and 1 with hydrocephalus. Of the
dogs with suspected reactive seizures, SE was caused by confirmed
metabolic disease in 11 cases (hepatic encephalopathy in 8 cases,
hyperthermia with suspected cerebral hypoxia in 1 case [secondary to
respiratory distress in a brachycephalic dog], hypertriglyceridemia in
1 case, and hypoglycemia secondary to insulinoma in 1 case, and cau-
sed by suspected intoxication in 16 cases (12.9%).

Information regarding provision of antiepileptic medication before
SE was available for all 124 dogs. Forty-two (33.9%) dogs were receiv-
ing antiepileptic medication before SE.

Twenty-seven (21.8%) dogs received rectally administered diaze-
pam before hospital admission, with 8 (29.6%) of these dogs
experiencing cessation of seizure activity after its administration. The
median dose of diazepam administered rectally at home was 1 mg/kg
(IQR, 0.85-1.13 mg/kg).
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TAB L E1l R?SUItS 9f the multl\{arlate Short-term mortality P-value OR 95% Cl

analysis evaluating variables associated

with short-term mortality Increasing age (months) .01 1.017 1.004-1.03
Potentially fatal etiology .004 5.653 1.764-18.12
Presence of SE before hospital admission .001 0.036 0.004-0.221
Duration of hospitalization (days) <.001 0.568 0.425-0.759

Abbreviations: 95% Cl, 95% confidence interval; OR, odds ratio; SE, status epilepticus.

TAB L E 2 Rc.esults c.>f the multl\{arlate SE recurrence P-value OR 95% CI

analysis evaluating variables associated

with SE recurrence History of pharmacoresistant epilepsy .003 10.439 2.194-49.681
Focal seizure type .02 4.143 1.22-14.072

Abbreviations: 95% Cl, 95% confidence interval; OR, odds ratio; SE, status epilepticus.

While hospitalized, 119 (96%) dogs received a benzodiazepine as
part of their treatment for SE, with 82.3% receiving diazepam (IV or
rectally) and 36.3% receiving IV midazolam (some dogs received both
diazepam and midazolam). Observable seizure activity was stopped in
46 (38.7%) of those dogs after administration of benzodiazepines.

An infusion of either diazepam or midazolam was used in the
management of SE in 25% of dogs. Phenobarbital was administered in
75.8% of dogs, levetiracetam in 51.6% of dogs, and rectally adminis-
tered potassium bromide in 7.3% of dogs. General anesthesia was
induced using propofol in 52.4% of dogs and pentobarbital in 0.8% of
dogs. Other infusions administered included either medetomidine or
dexmedetomidine in 1.6% of dogs and ketamine in 4.8% of dogs. Dur-
ing management of SE, 15 dogs (12.1%) received 1 medication,
34 dogs (29%) received 2 medications, 43 dogs (34.6%) received
3 medications, 28 dogs (22.5%) received 4 medications, and 4 dogs
(3.2%) received 5 medications. After SE, 76 of the 87 dogs (87.3%)
that survived to discharge received additional maintenance antiseizure
medication. Median duration of hospitalization for the dogs in the
study was 3 days (IQR, 2-6 days).

Neurological examination on admission was documented in the
medical records of all 124 dogs. Fifty-six (45.2%) dogs were seizuring
at the time of presentation. Ataxia or proprioceptive deficits were evi-
dent in 42 dogs (33.8%). Paresis was documented in 17 dogs (13.8%).
An obtunded or stuporous mentation was noted in 58 dogs (46.8%).
Twenty-eight dogs (22.6%) had evidence of a visual deficit (decreased
menace response, decreased pupillary light reflexes, or blindness).
Four dogs (3.3%) displayed nystagmus and 6 dogs (4.8%) displayed
circling behavior.

Neurological examination at the time of hospital discharge was
clearly documented in the medical records of 81 of the 87 dogs that
survived. Twenty-three dogs (28.4%) displayed ataxia or propriocep-
tive deficits. Paresis was documented in 14 dogs (17.3%). Thirty-two
dogs (39.5%) were considered obtunded. Visual deficits were docu-
mented in 14 dogs (17.3%). Residual nystagmus was observed in
1 dog (1.2%). Three dogs (3.7%) exhibited circling behavior at the time
of hospital discharge.

3.2 | Short-term mortality

Eighty-seven dogs (70.2%) survived to hospital discharge. Thirty-
seven dogs (29.8%) did not survive, with 10 spontaneously dying (8%)
and 27 being euthanized (21.8%) during their initial hospitalization. Of
those euthanized, 8 were euthanized during SE and the remaining
19 were euthanized after poor recovery from SE. On univariable anal-
ysis, age, seizure etiology group, duration of hospitalization, poten-
tially fatal etiology, SE as first seizure episode, presence of SE before
arrival, administration of propofol, poor initial response to benzodiaze-
pine administration and use of a CRI showed some evidence of associ-
ation (P <.25) with short-term mortality (Table S1). However, on
multivariable analysis, only increasing patient age, shorter duration of
hospitalization, onset of SE before arrival and SE being caused by a
potentially fatal etiology remained significant factors (Table 1). Of the
dogs that died or were euthanized, 8 had IE (of which SE was the first
seizure in 1 dog), 21 had structural epilepsy (of which SE was the first
seizure in 12 dogs) and 8 had reactive seizures (of which SE was the
first seizure in 6 dogs). Of the dogs that survived to discharge, 42 had
IE (of which SE was the first seizure in 9 dogs), 25 had structural
epilepsy (of which SE was the first seizure in 10 dogs), and 20 had

reactive seizures (of which SE was the first seizure in 4 dogs).

3.3 | Status epilepticus recurrence

Of the 87 dogs that survived to discharge, follow-up information
regarding SE recurrence was available for 74 dogs, with median
follow-up time of 9 months (range, 0-96 months). Status epilepticus
recurred in 20 of these dogs (27%; 95% confidence interval [95% Cl],
17-37%). Previous history of seizure episodes, SE as first seizure
event, history of pharmacoresistant epilepsy, participating center, and
type of seizures showed some evidence of association (P < .25) with
recurrence of SE on univariable analysis (Table S2). On multivariable
analysis, however, a history of pharmacoresistant epilepsy and type of

seizures remained the only significant factors, with focal seizures
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FIGURE 1 Kaplan-Meier estimate of nonrecurrence in dogs that
survived a first episode of status epilepticus

associated with increased likelihood of SE recurrence (Table 2). A
Kaplan-Meier estimation of nonrecurrence is shown in Figure 1;
median time to recurrence could not be estimated because recurrence
occurred in <50% of cases. In the dogs in which recurrence was
observed, 50% experienced recurrence within the first 2 months after
hospital discharge, and all of those dogs exhibited recurrence of SE
within 12 months after hospital discharge. Recurrence of SE was
observed in dogs with IE, neoplasia, and inflammatory disease. No
dogs with reactive seizures experienced recurrence of SE. Of the
20 dogs in which SE recurrence was observed, 13 had IE and 7
had SE.

4 | DISCUSSION

The purpose of our study was to identify risk factors associated with
short-term mortality in dogs with SE and in those with SE recurrence.
We found that short-term mortality was clinically relevant in dogs
with SE, with 29.8% of dogs dying or being euthanized during the hos-
pitalization period in which the SE occurred. This finding is similar to
that observed previously, where SE resulted in death or euthanasia in
38.4% of patients.* A recent study examining risk factors associated
with poor outcome in dogs with SE and cluster seizures reported in-
hospital short-term mortality of 23%.18 Although this finding is not
markedly dissimilar from our findings, the difference may be
influenced by the fact that patients with SE comprised just 23% of the
study population. Given that SE generally is regarded as more severe
threat to life than cluster seizures, the different neurological conse-
quences between the 2 conditions may account for this small differ-
ence, at least in part. Our result appears similar to those of human
patients, in which SE had an associated short-term mortality of up to
46% in specific populations.*” The in-hospital mortality of our sample

population generally was higher than that observed in studies of

human patients with SE, with affected humans having a typical case
fatality rate of approximately 15% as reported in a recent meta-analy-
sis.2% The short-term mortality of our study and other veterinary clini-
cal studies is skewed by the fact that many patients are euthanized as
opposed to dying as a direct result of their SE, and the true case fatal-
ity rate may have been lower, and more similar to studies of human
patients, should treatment have been continued. This possibility also
may explain why an association was found with patients with increas-
ing duration of hospitalization surviving to discharge. Those consid-
ered unlikely to survive were euthanized before lengthy
hospitalization was undertaken, whereas those considered more likely
to survive received ongoing medical treatment.

Etiologies considered potentially capable of fatality independent
of SE were found to be significantly more likely to result in patient
mortality. It is possible that this finding is related to these dogs carry-
ing a generally worse actual or perceived prognosis that may have
resulted in their prompt euthanasia, given that when etiologies were
categorized into idiopathic, structural, or reactive epilepsy, this cate-
gorization was not found to be significantly associated with poor
short-term outcome. Increased patient age at the time of SE also was
shown to be significantly associated with a higher likelihood of short-
term mortality in our population. It is possible that older dogs with SE
are perceived as having a worse prognosis by their owners leading to
treatment termination, or it may simply reflect the fact that owners
may be less willing to invest time and financial resources in older dogs
given the potential consequences of IE or SE.

Presence of SE before presentation to the referral hospital
appears to be associated with decreased likelihood of short-term mor-
tality. The underlying reason for this finding is unclear from our data,
given that this variable did not appear to be significantly associated
with other variables such as underlying seizure etiology.

In our study, SE recurrence was observed in 27% of dogs that sur-
vived to hospital discharge. The likelihood of SE recurrence was signif-
icantly influenced by the patient having a history of drug-resistant
epilepsy and a history of focal seizures. The finding of focal seizures
being markedly associated with SE recurrence is interesting. In
humans with SE, the presence of focal seizures alone has been identi-
fied to impart a low likelihood of SE recurrence in comparison to other
seizure types, regardless of etiology.?! When considering recurrence
of seizure events, however, focal seizures generally are considered
more challenging to treat than generalized seizures, in both human
and animal epilepsy patients.?? It has been determined that the type
of seizure exhibited by the patient should not be used in isolation to
distinguish whether it is as the result of a structural lesion, reactive
seizure episode or caused by IE. Focal epileptic events frequently are
observed in dogs without structural causes of epileptic seizures.? The
underlying reason for focal seizures being associated with SE recur-
rence and seizure recurrence in general currently is unclear and addi-
tional studies will be required to identify whether this finding is
repeatable.

It is not surprising that dogs with a prior history of
pharmacoresistant epilepsy were significantly more likely to experi-

ence a recurrence of SE. Drug-resistant epilepsy is a feature of
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approximately 30% of dogs with IE, with certain breeds being pre-
disposed.??2 The exact mechanisms of drug-resistant epilepsy are
unclear and may vary depending on each drug to which the patient is
resistant, patient genetic factors and the nature of the epilepsy syn-
drome itself.?22> In humans, resistance to first-line treatment of SE
(typically benzodiazepines such as diazepam) has been associated with
recurrence of SE, but the effect of an insufficient response to mainte-
nance antiseizure medications has not been evaluated in predicting
recurrence of SE.?!

Kaplan-Meier analysis of our study population suggests that SE is
most likely to recur shortly after the initial episode of SE, with approx-
imately 50% recurrence within 2 months of the initial episode of
SE. Although it appears to be a relatively infrequent event (occurring
in just 27% of dogs in our study), owners should be made aware of
the possibility of SE recurrence because of the emotional and financial
costs associated with such an event. This initial period of potential SE
recurrence likely reflects the more acute stages of brain injury that
occur with SE, and the time required for antiseizure medications to
reach peak therapeutic concentrations. With time, it appears that SE
recurrence becomes less likely, and so treatment perseverance is
important. Some patients, however, will continue to experience
repeated episodes of SE despite provision of multiple antiseizure
medications. A similar pattern of recurrence is observed in humans
with SE in whom recurrence is observed in approximately one-third of
patients, and the majority of recurrence events appear to occur early
in the follow-up period.?%2¢

A significant number of dogs in our study (43.5%) presented in SE
as their first manifestation of a seizure disorder, as to 58% of dogs in
another study.* In our study population, previous focal seizures could
not be excluded. This factor does not appear to affect a dog's short-
term prognosis or likelihood of SE recurrence, and owners should not
be dissuaded from antiseizure treatment nor should dogs be eutha-
nized simply because they have been presented in SE.

The population of dogs in our study contains a slight overrepre-
sentation of male patients, which accounted for 60.5% of the study
population. This finding is similar to that of a previous study in which
a male overrepresentation also was identified.* Nonetheless, patient
sex was not significantly associated with either short-term mortality
or recurrence of SE in our study.

In common with many retrospective veterinary clinical studies,
our study had some limitations. The retrospective identification of
dogs with SE relied upon the quality of medical records kept at the
time the patient was examined or last contact was made. As a result,
some dogs that presented with SE were excluded because data was
not readily extractable from their medical records. Imputation was uti-
lized for some variables (eg, in cases in which an explicit duration of
SE was not recorded). We attempted to accommodate for this factor
by categorizing dogs based on SE duration, with seizure duration
being estimated from the medical record. As previously mentioned,
the fact that many of our dogs that died were euthanized makes
assessment of actual short-term mortality more challenging. Unfortu-

nately, the reason for euthanasia was not clearly mentioned in the

medical records of all dogs, which again makes identifying the reason
for euthanasia difficult. The retrospective nature of our study makes
evaluation of long-term survival difficult and doing so was not
attempted from this data set. Our incidence of SE recurrence appears
generally to fit with that found in studies of human patients.212¢
However, given a lack of long-term follow-up data in our dogs, the
incidence of SE recurrence may in fact be higher. It is possible that
some dogs were euthanized without reevaluation upon recurrence of
SE. A prospective, longitudinal follow-up study would allow for a more
detailed assessment of long-term outcome in patients with SE. The
treatments delivered in our study population were not standardized
and were at the discretion of the attending clinician. We attempted to
accommodate for this variability by investigating treatments individu-
ally and by categorizing them. Lack of treatment standardization likely
contributed to the observation that the treatments administered did
not appear to substantially influence either short-term mortality of
likelihood of SE recurrence, as would otherwise be expected in this
patient population.

In conclusion, our retrospective study on dogs with SE identified
significant factors that influenced a patient's short-term mortality
(increased patient age, potentially fatal etiology, presence of SE
before admission, and extended duration of hospitalization) and risk
of SE
pharmacoresistant epilepsy). Additional prospective studies are

recurrence (presence of focal seizures, history of
needed to confirm our findings and better characterize the long-term

outcome of dogs with SE.
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