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Abstract

Background: Many studies of epilepsy in veterinary medicine use subjective data

(eg, caregiver-derived histories) to determine seizure frequency. Conversely, in peo-

ple, objective data from electroencephalography (EEG) are mainly used to diagnose

epilepsy, measure seizure frequency and evaluate efficacy of antiseizure drugs. These

EEG data minimize the possibility of the underreporting of seizures, a known phe-

nomenon in human epileptology.

Objective: To evaluate the correlation between reported seizure frequency and EEG

frequency of ictal paroxysmal discharges (PDs) and to determine whether seizure

underreporting phenomenon exists in veterinary epileptology.

Animals: Thirty-three ambulatory video-EEG recordings in dogs showing ≥1 ictal PD,

excluding dogs with status epilepticus.

Methods: Retrospective observational study. Ictal PDs were counted manually over

the entire recording to obtain the frequency of EEG seizures. Caregiver-reported sei-

zure frequency from the medical record was categorized into weekly, daily, hourly,

and per minute seizure groupings. The Spearman rank test was used for correlation

analysis.

Results: The coefficient value (rs) comparing reported seizure to EEG-confirmed ictal

PD frequencies was 0.39 (95% confidence interval [CI] = 0.048-0.64, P = .03). Other

rs values comparing history against various seizure types were: 0.36 for motor sei-

zures and 0.37 for nonmotor (absence) seizures.

Conclusions and Clinical Importance: A weak correlation was found between the fre-

quency of reported seizures from caregivers (subjective data) and ictal PDs on EEG

(objective data). Subjective data may not be reliable enough to determine true seizure

frequency given the discrepancy with EEG-confirmed seizure frequency. Confirma-

tion of the seizure underreporting phenomenon in dogs by prospective study should

be carried out.

Abbreviations: AEEG, ambulatory video-EEG; ASD, antiseizure drugs; EEG, electroencephalography; PDs, paroxysmal discharges.
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1 | INTRODUCTION

Epilepsy is the most common chronic neurological disorder in veteri-

nary as well as human medicine.1,2 Moreover, many epilepsy features

(eg, pathophysiology, physical manifestations, or semiology) and ther-

apeutic options are common to both fields. However, a decisive test

for diagnosis and monitoring typically used in people, electroencepha-

lography (EEG), is underutilized in dogs. Electroencephalography is the

standard test to confirm seizures, categorize epilepsy conditions and

optimize treatment in people. It has a long history of use in veterinary

medicine as well, showing evolution in the technique over the years,

but with low uptake at last evaluation.3-10 The International Veteri-

nary Epilepsy Task Force recommends EEG to achieve the highest

level of confidence in the diagnosis.11 Verifying its utility in dogs with

epilepsy should help further improve the management of epilepsy in

veterinary medicine.

When EEG is used to diagnose seizures and epilepsy in human

and veterinary medicine, the abnormalities are similar between the

species. Paroxysmal discharge (PD) is a collective term indicating

waveforms that have abrupt onset, rapid attainment of a maximum

amplitude, and sudden termination.12 Paroxysmal discharges typically

are used to describe epileptiform and seizure patterns.12,13

In people, objective data (ie, EEG) mainly are used to diagnose epi-

lepsy and evaluate the efficacy of antiseizure drugs (ASD). This diagnos-

tic tool can prevent the occurrence of the seizure underreporting

phenomenon, the poor ability of patients to describe their seizures. A

large body of literature supports this phenomenon in human epi-

leptology. Human patients documented fewer than 50% of their sei-

zures on average compared to EEG, possibly because of seizure-

induced seizure unawareness.14-16 Generally, one-third of daytime and

two thirds of nocturnal seizures failed to be documented.15 The

descriptive support of patients' relatives, colleagues, or caregivers could

somewhat improve the phenomenon, but this support is often only

helpful in daytime. Those seizures generally are considered to occur in

daytime (55%) and at night (45%) at similar proportions make this sup-

port less valuable.15 In contrast, many studies do not use objective

information in veterinary neurology. Instead, subjective data (eg,

caregiver-based questionnaires) are used.17 Thus, we hypothesized that

seizure frequency may be underreported in veterinary medicine. Elec-

troencephalography can be used to evaluate brain function objectively,

with detection of physiological and pathological electrical discharges.

However, EEG has yet to be used to examine whether or not the sei-

zure underreporting phenomenon exists in dogs with epilepsy.

To generate better awareness of the validity of EEG to assess if

seizures can be missed in dogs, we evaluated the correlation

between reported seizure frequency and EEG seizure frequency of

epileptogenic PDs.

2 | MATERIALS AND METHODS

Ours was an observational retrospective study. A search was performed

of the medical records of 5 academic and private veterinary referral

hospitals: the Ontario Veterinary College (OVC), Seattle Veterinary

Specialists (SVS), VCA West Los Angeles Animal Hospital, the

University of Helsinki, and LMU Munich.

Inclusion criteria for the dogs were: a complete medical record and

ambulatory video-EEG (AEEG) showing ≥1 ictal PD regardless of ASD

treatment regimen. To be considered complete, medical records had to

include breed, sex, age, ASD treatment regimen, a description of seizure

semiology, and reported seizure frequency. All AEEG recordings were

performed in the referral hospitals with owner consent to clinically

diagnose and monitor seizures. When sedation or general anesthesia

was used for EEG electrode placement, AEEG extended beyond recov-

ery to a normal mentation state. In other words, entirely sedated EEG

was excluded. Electroencephalography also was excluded when muscle

or movement artifact obscured the cortical signal, precluding identifica-

tion of PDs. Dogs with status epilepticus also were excluded.

Wireless AEEG with synchronized video was recorded using a

Trackit MK3 AEEG/Polygraphy recorder (Lifelines Neurodiagnostic

Systems, Troy, Illinois), with scalp EEG using 13 channels (both hemi-

spheres symmetrically in the frontal [F3, F4, F7, F8], parietal [C3, C4],

temporal [T3, T4] and occipital [O1, O2] regions and 3 midline

anterior-posterior locations [Fz, Cz, Pz]) in addition to a reference

electrode (between the medial canthi) and a ground electrode (dorsal

cervical midline, 2-5 cm caudal to the nuchal crest).18 Ambulatory

EEG was recorded using current standard minimally invasive SC (nee-

dle or wire) electrodes.19,20 The duration of AEEG recordings was not

standardized for various reasons, including dogs removing electrodes

during the recording, sufficient episodes of interest obtained, or time

of hospital discharge.

The number of ictal PDs was counted manually throughout the

recording and then divided by the duration of the recording (minutes)

to obtain seizure frequency (number/min). The starting point of man-

ual counting was when EEG instrumentation was completed and

recovery from sedation or general anesthesia was confirmed, if used.

Ictal PDs were defined as waveforms that stood out against the back-

ground, were of cortical origin (ie, displaying a cortical gradient, elec-

trical field, and possibly lag), and that were associated with a motor or

behavioral manifestation suggestive of a seizure on synchronized

video. They included spike, polyspike, and spike-and-wave patterns.

Any single waveform PDs without movement or behavioral manifesta-

tion on video were classified as interictal PDs. Furthermore, vigilance

levels were taken into consideration. During sleep, any abnormal

waveforms (eg, 3 Hz spike-and-slow-wave, not just isolated spikes)

without accompanying motor activity (confirmed by synchronized
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video) were considered interictal PDs, because it would not be possi-

ble to ascertain nonmotor seizures during sleep.21 If associated motor

activity was present, events were defined as ictal PDs. Once con-

firmed to show behavioral manifestation on video, the PDs were clas-

sified as focal or generalized according to electroencephalographic

ictal onset. Interpretation beyond observation was necessary for clas-

sification because some manifestations occurred in >1 seizure type.1

For example, when the earliest prominent feature was myoclonus,

these events were classified as myoclonic seizures. Conversely, sei-

zures in which behavioral arrest (discontinuation of movement and

decreased responsiveness to the environment) was the earliest promi-

nent feature were classified as absence seizures when they showed

generalized spike-wave PDs.1,22 For the purposes of our study, the

definitions of seizure types were EEG-based rather than based on

the owner's description.

Reported seizure frequency was extracted from the caregiver

description in the medical record. This variable was categorized into

4 groups: weekly, daily, hourly, and per minute seizures to minimize

recall bias. For example, if the seizure frequency was once per week,

it was categorized into the weekly group. If the owner reported the

seizure was likely to reoccur within 24 hours, it was categorized into

the daily group. If a dog manifested seizures 5-7 times per week, it

would be classified into the weekly group unless the seizures occur

every day, in which case the dog would be classified into the daily

group.

The correlation between frequency of ictal PDs and reported sei-

zure frequency was determined using the Spearman rank test,

because the data were expected to be dependent and not normally

distributed. The correlation also was evaluated separately for different

types of seizure semiology as grouped by the International League

Against Epilepsy and International Veterinary Epilepsy Task Force,

investigating motor seizures as well as nonmotor seizures (absence

seizures with and without myoclonus).1 The motor seizure category

included focal motor, myoclonic and generalized tonic-clonic seizures.

Statistical significance was defined as P < .05. Statistical tests were

performed using RStudio version 1.1.463 (RStudio, PBC, Boston,

Massachusetts).

A subset of AEEG data and medical records of these dogs was

documented in previous studies, of which 5 Rhodesian Ridgebacks

also were included in the present study.18,23-25 However, the correla-

tion between reported seizure frequency and ictal PD frequency was

not evaluated.

3 | RESULTS

Thirty-three AEEG recordings of dogs were included. Twenty-two dif-

ferent breeds were identified, including Alaskan Klee Kai, Beagle, Boxer,

Cavalier King Charles Spaniel, Chinese Hairless Crested dog, Dachs-

hund, English Bulldog, French Bulldog, German Shepherd, Golden

Retriever, Jack Russell Terrier, Labrador Retriever, Lapponian Herder,

Papillon, Pomeranian, Pug, Rhodesian Ridgeback, Siberian Husky, Shet-

land Sheepdog, Shih Tzu, Yorkshire Terrier, and mixed breed.

There were 16 females (14 spayed) and 17 males (15 castrated).

Ages ranged from 1 to 15 years (mean, 7.2 years; median, 6.0 years).

In terms of the cause of seizures, 24 suspected idiopathic epilepsy

and 9 suspected structural epilepsy (neoplasia, inflammation, infec-

tion, and degenerative) cases were identified. With respect to seizure

types, 11 absence seizures (33%), 16 myoclonic seizures (49%), 2 gen-

eralized tonic-clonic seizures (6%), and 4 focal motor seizures (12%)

were identified based on behavioral manifestations and EEG findings.1

Of the 11 absence seizures, 2 showed no myoclonus. Examples of

typical semiology reported by the caregivers for each seizure type are

summarized in Table 1.

The duration of all AEEG recordings ranged from 5 to 1320

minutes (median, 100 minutes; mean, 214.1 minutes). Eight AEEG

recordings were made after use of sedation or general anesthesia for

electrode placement, but manual count of ictal PDs was performed

after complete recovery from sedation or anesthesia. Ictal PD fre-

quency during AEEG ranged from 0.002 to 2.54 (number/min; median,

0.30/min; mean, 0.61/min). Duration of ictal PDs typically was

1-30 seconds, but intra-dog variability was identified. Therefore, we did

not describe the duration of ictal PDs statistically (ie, mean, median).

Reported seizure frequency (weekly, daily, hourly, or per minute)

and ictal PDs frequency (number/min) are shown in Figure 1. The

coefficient value (rs) comparing reported seizure and ictal PD fre-

quency was 0.39 with 95% confidence interval (CI) = 0.048-0.64 and

P = .03, indicating weak correlation between them (Table 2).

The motor seizures category included myoclonic, focal motor, and

generalized tonic-clonic cases, based on clinical manifestations.26 The

rs values comparing history against various seizure types thus were:

0.36 (95% CI = �0.075 to 0.68; P = .1) for motor seizures and 0.21

(95% CI = �0.32 to 0.64; P = .44) for myoclonic seizures. Because of

low case numbers, correlations were not calculated for focal motor

and generalized tonic-clonic seizure types. The nonmotor seizures

category included absence seizures with and without myoclonus based

on clinical manifestations.26 The correlation was 0.37 (95% CI = �0.29

to 0.80; P = .26) for absence seizures with and without myoclonus and

0.64 (95% CI = �0.035 to 0.92; P = .06) for absence seizures with

myoclonus. Because there were only 2 cases of absence seizures with-

out myoclonus, correlation was not calculated.

TABLE 1 Examples of typical semiology reported by the
caregivers for each seizure type

Type of seizures Typical semiology reported by the caregivers

Absence seizure

with/without

myoclonus

Unresponsive abnormal behavior, zoning out

with/without eye, face or body twitches,

or head bobbing

Myoclonic seizures Twitches on face, neck, or whole body or

head bobbing

Generalized tonic-

clonic seizures

Stiff legs followed by jerky paddling

movements

Focal motor

seizures

Rhythmic muscle twitches in 1 leg

Note: There are similarities in semiology among certain seizure types.
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Furthermore, rs was calculated in 2 groups (with ASD and

without ASD) to determine if ASD treatment affected the corre-

lation between reported seizure frequency and ictal PD fre-

quency. Dogs without ASD treatment (n = 17) showed rs = 0.53

(moderate correlation, 95% CI = 0.067-0.81; P = .03), whereas

dogs receiving ASD treatment (n = 16) had rs = 0.35 (95%

CI = �0.18 to 0.72; P = .19), which suggested a difference

between those with and without ASD treatment. However, this

difference failed to reach statistical significance (P = .55: Z test).

Dogs in the ASD treatment group were receiving 1 or more of

F IGURE 1 Boxplot for frequency of reported seizure (subjective) and ictal paroxysmal discharges (PDs; objective) from ambulatory video-
EEG (AEEG) recordings of 33 dogs. The number of ictal PDs was counted manually through the AEEG recording and then divided by the duration
of the recording (minutes) in order to obtain frequency of ictal PDs (n/min). Reported seizure frequency from caregivers was categorized into
4 groups: weekly, daily, hourly, and per minute seizures. O, outlier; X, mean marker

TABLE 2 Comparison of the reported seizures and ictal paroxysmal discharge (PD) frequency, Spearman's rank correlation test for each
seizure type

Correlation

Type of seizures Number of cases Coefficient values (rs) 95% CI P value Positive/Negative Meaning

All types 33 0.39 0.048 to 0.64 .03 Positive Weak correlation

Motor seizures 22 0.36 �0.075 to 0.68 .1 – Nonsignificant

Myoclonic seizures 16 0.21 �0.32 to 0.64 .44 – Nonsignificant

All absence seizures 11 0.37 �0.29 to 0.80 .26 – Nonsignificant

Absence with myoclonus 9 0.64 �0.035 to 0.92 .06 – Nonsignificant

Abbreviation: CI, confidence interval.
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the following drugs: gabapentin, imepitoin, levetiracetam, pheno-

barbital, primidone, and zonisamide.

4 | DISCUSSION

We found a weak correlation (rs = 0.39) between seizure frequency

reported by caregivers (subjective data) and ictal PD frequency on

AEEG (objective data), making it likely that the seizure underreporting

phenomenon occurs in veterinary patients and that reported seizure

frequency does not match EEG seizure frequency. Importantly, sub-

jective data may not be sufficiently reliable to determine actual sei-

zure frequency, given the discrepancy with EEG-confirmed seizure

frequency. Therefore, our data suggest that EEG should be performed

to confirm actual seizure frequency when seizures occur on at least a

weekly basis.

Correlations for history and seizure types did not reach statistical

significance. However, some observations suggest that additional pro-

spective studies with larger sample sizes may be warranted. Within

the motor seizures category, the correlation for myoclonic seizures

was low (rs = 0.21). Dogs with myoclonic seizures were categorized

into all groups of reported seizure frequency (1, weekly; 9, daily;

2, hourly; and 4, per minute). Characteristics of seizures included mus-

cle twitches (focal facial muscles) and muscle jerks (head, neck, limb,

or whole body). It might be expected that myoclonic seizures would

have strong correlation with reported seizure frequency whereas

absence seizures would have weak correlation, because not all absence

seizures are manifested by myoclonus, but such was not the case. One

reason for this finding might be that myoclonic episodes may vary in

intensity and happen during the night, meaning that caregivers could

easily overlook them. Similarly, the weak correlation for all absence sei-

zures (rs = 0.37) and strong correlation for absence seizures with myoc-

lonus (rs = 0.64) was expected. Absence seizures with myoclonus are

more conspicuous, leading to a longer episode, and enabling caregivers

to detect episodes more accurately. On the other hand, seizures with-

out myoclonus are more challenging to detect because their manifesta-

tions may not be marked enough to be discerned. None of the seizure

types had more than a moderate correlation, which again suggests that

EEG should be utilized to accurately document seizure frequency.

The rs of 0.53 for dogs without ASDs (n = 17) was larger than

that of dogs receiving ASDs (rs = 0.35; n = 16), but no statistically sig-

nificant difference was identified (P = .55; Z test). This finding war-

rants future research, because ASD treatment might have decreased

the severity of motor manifestations, which in turn could have made

their detection by caregivers more challenging. This possibility sug-

gests that ASD administration may mask some subclinical seizures,

and treatment should be taken into account when evaluating the sei-

zure frequency from the caregiver's observations only. Additional

research using large case numbers would be needed to elucidate this

issue.

We calculated the number of ictal PDs over the duration of AEEG

recording, but we acknowledge there may be controversy over the

definition of an ictal PD. Detection is easier for dogs manifesting

motor seizures. By contrast, ictal PDs may be more difficult to identify

when affected dogs show no motor manifestations, such as during

absence seizures.24,27 Thus, the human medical literature21 was used

to determine the definition of ictal PDs in our study. During sleep, any

abnormal waveforms, even 3 Hz spike-and-slow-waves without motor

manifestations (confirmed using synchronized video) were considered

to be interictal PDs, otherwise we defined them as ictal PDs. On the

other hand, while the patient is awake, any abnormal waveforms that

do not constitute background activity would be considered ictal PDs

as long as the waveforms have cortical origin. These ictal PDs did not

include single waveform PDs without movement because these were

classified as interictal. Additional uncertainty may be introduced by

not counting those PDs. Therefore, it was not possible to count all

myoclonic episodes because sometimes muscle artifact prevented

confirmation of the cortical origin of the waveform. Furthermore, in

humans, many reported physiological patterns resemble ictal PDs (eg,

hypnagogic or hypnopompic hypersynchrony and positive occipital

sharp transients of sleep).28-30 These EEG patterns have yet to be

reported in dogs. Finally, EEG interpretation agreement within and

among veterinary reviewers has yet to be reported. Thus, we recog-

nize the limitations of EEG interpretation in dogs that could lead to

overinterpretation of ictal PDs.

Given these considerations, the frequency of myoclonic and absence

episodes on EEG in our study may be different from the true event fre-

quency. However, in our study population, EEG recordings showing

either nonmotor sleep discharges or myoclonic episodes with obfuscat-

ing muscle artifact did not account for the majority, and it is unlikely that

they would substantially alter our results. Furthermore, not counting

these episodes on EEG would predispose to undercounting, strength-

ening the correlation with caregiver-reported seizure frequency. This

could be considered a practical limitation of AEEG in veterinary medi-

cine and thus our standardized calculation method is reasonable to

detect ictal PDs.

Our study had some other limitations. Selection and information

bias could have occurred because of the retrospective nature of our

study (ie, very few EEG studies were requested for dogs manifesting

generalized tonic-clonic seizures, perhaps because there was less

doubt that these were seizures). As indicated, the seizures reported

by caregivers were classified into 4 groups to minimize information

bias, but recall bias still may have occurred. In addition, dogs that

underwent AEEG monitoring may not be representative of the general

population. Indeed, absence seizures represented 33.3% of all seizure

types in our study, whereas their incidence in all seizure types is

approximately 2.2%-6% in the human population with epilepsy.31,32

The fact that 15% of our study population consisted of Rhodesian

Ridgebacks suffering from a distinct genetic epilepsy characterized by

myoclonic and absence seizures may have influenced our results.

There is poor agreement among veterinary observers on the

visual identification of seizure types other than generalized tonic-

clonic seizures, and thus EEG was more likely to be ordered for

patients with nongeneralized tonic-clonic seizures.33 Unfortunately,

this meant that in our study there were few cases of generalized

motor (tonic-clonic) and focal to bilateral tonic-clonic seizures,
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frequently encountered seizure types in the general population.31,34,35

A prospective multicenter investigation of the seizure underreporting

phenomenon still is needed to address these limitations and provide

more accurate estimates of the incidence of seizure types in the

canine population. Lastly, blinded EEG interpretation was not per-

formed while reviewing the AEEG recording data. It would be chal-

lenging to blind the AEEG evaluators because the recordings were

reviewed using video synchronization to confirm behavioral ictal man-

ifestations. We acknowledge that this lack of blinded EEG interpreta-

tion also may have introduced bias.

Accurate seizure control has an impact on dogs with epilepsy with

regard to their quality of life and survival time.36 The common goal in

all types of epilepsy is to control seizure activity by preventing spread

of aberrant electrical discharges from the epileptogenic focus and

increasing the seizure threshold using ASDs.37,38 Electroencephalo-

graphic PDs are used in human medicine as objective data to evaluate

frequency, severity, and location of onset of seizures as well as a mea-

sure of ASD efficacy.39-45 However, in veterinary medicine, subjective

data (eg, caregiver-based questionnaires) mainly have been used.17 The

possible inaccuracy of caregiver seizure frequency estimates increases

the likelihood that the efficacy of ASDs may be overestimated. Utilizing

AEEG in seizure management could decrease the overestimation of

ASD efficacy. A prospective study is needed to clarify this possibility.

In conclusion, our study indicates that only a weak correlation exists

between caregiver-reported seizure frequency (subjective data) and ictal

PD frequency on EEG (objective data), that is, caregiver-reported seizure

frequency does not match EEG seizure frequency. Importantly, this result

points out that subjective data may not be sufficiently reliable to deter-

mine true seizure frequency, given the discrepancy with confirmed sei-

zure frequency on AEEG. Therefore, we believe AEEG should be

performed to determine objective seizure frequency, especially when

dogs are suspected to manifest myoclonic seizures or behavioral arrest.

These findings cast doubt on the ease of clinical management of some

seizure types. Confirmation of the seizure underreporting phenomenon

in veterinary medicine by prospective studies would be ideal.
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