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Electroencephalography Findings in Healthy and Finnish Spitz Dogs

with Epilepsy: Visual and Background Quantitative Analysis

Janis Jeserevics, Ranno Viitmaa, Sigitas Cizinauskas, Kimmo Sainio, Tarja S. Jokinen,
Marjatta Snellman, Claudio Bellino, and Luciana Bergamasco

Background: Qualitative and quantitative electroencephalography (EEG) parameters of healthy and Finnish Spitz dogs
with epilepsy have not been determined.

Objective: To determine if EEG can provide specific characteristics to distinguish between healthy dogs and dogs with
epilepsy.

Animals: Sixteen healthy and 15 Finnish Spitz dogs with epilepsy.

Methods: A prospective clinical EEG study performed under medetomidine sedation. Blinded visual and quantitative EEG
analyses were performed and results were compared between study groups.

Results: Benign epileptiform transients of sleep and sleep spindles were a frequent finding in a majority of animals from
both groups. The EEG analysis detected epileptiform activity in 3 Finnish Spitz dogs with epilepsy and in 1 healthy Finnish
Spitz dog. Epileptiform activity was characterized by spikes, polyspikes, and spike slow wave complexes in posterior-occipital
derivation in dogs with epilepsy and with midline spikes in control dog. The healthy dogs showed significantly less theta and
beta activity than did the dogs with epilepsy (P < .01), but the only significant difference between healthy dogs and dogs with
untreated epilepsy was in the alpha band (P < .001). Phenobarbital treatment increased alpha, beta (P < .001), and theta (P <
.01), and decreased delta (P < .001) frequency bands compared with dogs with untreated epilepsy.

Conclusions and Clinical Importance: Benign epileptiform transients of sleep could be easily misinterpreted as epileptiform
activity. Epileptiform activity in Finnish Spitz dogs with epilepsy seems to originate from a posterior-occipital location. The
EEG of dogs with epilepsy exhibited a significant difference in background frequency bands compared with the control dogs.
Phenobarbital treatment markedly influenced all background activity bands. Quantitative EEG analysis, in addition to visual

analysis, seems to be a useful tool in the examination of patients with epilepsy.
Key words: Benign transients of sleep; Canine; Focal idiopathic epilepsy; Medetomidine; Quantitative

electroencephalography.

lectroencephalography (EEG) is an important,

sensitive, noninvasive diagnostic tool for human
patients with a history of seizures.! In veterinary
medicine, EEG is seldom used. Previous reports focused
mainly on qualitative visual EEG changes in dogs with
epilepsy.>® Few reports of the quantitative analysis of
EEG (qEEG) in normal or dogs with epilepsy have been
published.”"* One important limitation has been the
relative scarcity (<500 patients) in the number of
reported EEG findings in dogs suffering from idiopathic
epilepsy. This lack of information makes drawing
conclusions difficult. Another weakness is the heteroge-
neity of study groups. To the authors’ knowledge, only 1
report compares the EEG of dogs with epilepsy and
normal dogs of the same breed but offers no qEEG
analysis.* The lack of information about variations in
normal findings among different dog breeds complicates
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the interpretation of pathologic EEG changes. Some of
first reports of EEG examinations in dogs attempted to
emulate human medicine and were performed in awake
animals."”? Soon, however, investigators realized that, in
veterinary medicine, sedation or anesthesia should be
used during EEG examinations because of the un-
cooperative nature of the patients. The use of different
sedative agents was previously published.*>%°

Use of digital EEG equipment facilitates analysis of
EEG data. Quantitative EEG analysis was used to
calculate the prevalence of variance frequency bands of
EEG records in dogs.” However, the practical value of
such quantitative data should be to determine specific
background activity characteristics typical of normal
individuals and individuals with epilepsy. Such informa-
tion is lacking in veterinary medicine. Our study sought to
describe EEG parameters under medetomidine®* sedation
in healthy Finnish Spitz dogs and to compare findings
with those obtained from the same breed of dog with
idiopathic epilepsy. We compared the qualitative EEG
and qEEG parameters of the study groups. We hypoth-
esized that EEG would provide specific qualitative and
quantitative analysis characteristics to distinguish be-
tween healthy dogs and dogs with epilepsy.

Materials and Methods

This study was performed at the Small Animal Clinic of
Helsinki University in collaboration with the Finnish Spitz Breeder
Club in Finland and with the permission of the Ethics Committee
on Animal Trials. Study groups consisted of 16 healthy Finnish
Spitz dogs (FSC) and 15 Finnish Spitz dogs with epilepsy (FSE) (1
dog was excluded from the epileptic group because of concurrent
diabetes mellitus). The FSE group comprised 4 females and 11
males, and the FSC group had 7 females and 9 males. The mean
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age of FSE was 74 months (range, 30-120 months) and in FSC,
70 months (range, 16-144 months).

Some of the examination results from 11 FSE and 3 FSC
included in this study appeared in previous reports.'* The inclusion
criteria for this study on dogs with epilepsy were a history of at
least 2 epileptic seizures. Seizures were classified as having either
a focal or generalized onset (described previously).'*'> A normal
general physical and neurologic examination, normal blood
biochemistry analysis, and normal CBC count were the minimal
inclusion criteria for all dogs. In addition, 11 FSE and 3 FSC had
urinalyses performed (specific gravity, chemistry, and sediment
examination), a cerebrospinal fluid (CSF) examination (cell count,
protein concentration), and magnetic resonance imaging (MRI)
with 1.5 T equipment.”©

We used portable EBNeuro EEG equipment? for the record-
ings. An EEG was performed in all animals under medetomidine
sedation in a quiet, darkened room. A dosage of 40-60 ug/kg
medetomidine was administered IM. An additional 10-20 pg/kg
was administered IM if the dog was not ready for manipulations by
20-30 minutes after the initial injection. No additional medications
were used. No other electronic monitoring of patients was used
during recording to avoid possible artifacts from additional
electrical devices. The ECG and respiratory rate (RR) were
recorded via the polygraphic electrodes of the ECG (for ECG:
sensitivity, 70 uV/mm; time constant, 0.3 seconds; Hf, 70 Hz; and
for RR: sensitivity, 20 uV/mm; time constant, 0.3 seconds; Hf,
70 Hz); the polygraphic electrodes® were connected to alligator
clips, and a volumetric transducer’ was applied to the chest. In
addition, the electroencephalographer examined both the pulse rate
and its quality (femoral artery) during EEG recording, as well as
the deepness of sedation (palpebral reflex). The electroencephalog-
rapher marked possible sources of EEG artifacts, such as external
noise or animal movements (eg, eye, ear, or nose movements) on
the EEG during recording.

Patients were positioned in a sternal recumbency. We used
a method of standardized placement of EEG electrodes that
resembled the 10 to 20 international system for humans. A 14-
channel reference montage, modified from a 17-channel montage,
described previously™'? (F7, F3, F4, F8, T3, C3, Cz, C4, T4, P3, Pz,
P4, Ol, O2; sensitivity, 10 uV/mm; time constant, 0.3 seconds; Hf,
70 Hz; notch filter inserted; reference: on the ridge of the nose
between the eyes; ground: caudally to the external occipital
protuberance) was used to record EEGs. Sixteen EEG needles®
were inserted as subdermal active, reference, and ground elec-
trodes. Impedances did not exceed 5 kQ. EEG recording lasted
20 minutes, after which EEG data were stored in the acquisition
station” for subsequent analysis. The EEG records of all dogs were
visually examined in a blinded manner (in bipolar montage). The
reviewer (SK) was asked to describe the sleep stage, possible
normal variants, or epileptiform findings, without knowing the
clinical status of the dogs. Additional review of EEG records was
performed on referential montage to eliminate all epileptiform
patterns and artifacts from further background analysis, because
they can strongly affect the frequency analysis of the EEG (QEEG).
Cardiovascular, muscular activity and physiologic rhythmic move-
ments were marked at the time of visual analysis.

For all dogs, 60 replications of 2-second artifact-free epochs
were randomly selected from the entire EEG to analyze 2 minutes
of recording. For dogs with epilepsy, we analyzed unsuppressed
epochs without epileptic activity. We analyzed the background
activity with the same acquisition station, where one of authors
(LB) used an integrated software program called Fast Fourier
Transform (FFT). We calculated and averaged FFT for each
channel. The spectral bands of delta (0.5-4.0 Hz), theta (4.5-
8.0 Hz), alpha (8.5-12.0 Hz), and beta (12.5-30.0 Hz) were
calculated and expressed as relative power (%).

For statistical analysis, we used the relative power of
background analysis to minimize errors created by differences in
amplifier gain among channels and the effects of amplitude
differences of noncerebral origin, such as those caused by varying
skull thickness or asymmetrical interelectrode distance. By
definition, the relative band value refers to 1 absolute band divided
by another and multiplied 100 times to yield the final relative
percentage of the selected frequency band. In our study, the relative
power of each of the 4 frequency bands corresponded to the ratio
between a given band and the sum of the power of the entire
spectrum (which includes all of the frequency bands) multiplied 100
times to yield the final relative percentage of the selected frequency
band.

The Kolmogorov-Smirnov technique for normality was used to
check for Gaussian distribution of the study groups, and the Wilk-
Shapiro technique was used to check that of the qEEG data.
Ordinary analysis of variance (ANOVA), in combination with the
pairwise r-test for multiple comparisons with Bonferroni p
correction, was applied first to evaluate the significance of
differences. Bartlett’s test was used to evaluate the differences
among the standard deviations. Thereafter, the Kruskal-Wallis test
(nonparametric ANOVA) and Dunn’s Multiple Comparison test
were used for reevaluating the significance of differences among the
groups for delta, theta, and beta bands. Multivariate analyses were
performed by using the multiple logistic regression technique with
EEG activity type as the dependent variable, and age, sex, weight,
heart rate, medetomidine dosage, number of drug administrations,
and time from initial injection to the beginning of recording as the
independent variables. All of the analyses were performed with the
software R v. 2.2.1." All data were expressed as mean * standard
deviation, and the probability value was set at P < .05.

For all electrodes of a single animal, the relative power mean
value was calculated. The values of each derivation were averaged
for every study group (14 derivations) and used later to calculate
single values for every dog group.

Results

Five of 15 dogs with epilepsy were receiving
phenobarbitall’ monotherapy. General physical and
neurologic examinations were normal in all dogs, serum
biochemistry, and CBC counts were within the reference
range in all dogs, and urinalysis and CSF revealed no
abnormalities (protein < 25 mg/dL, cells < 5/uL). MRIs
were unremarkable in all examined dogs. At the visual
examination of the EEG recordings, all dogs exhibited
a high-voltage low-frequency background activity.
Background activity was superimposed with spindles
or focal beta bursts in 8 control dogs and 5 dogs with
epilepsy (Fig 1A) and with benign epileptiform transi-
ents of sleep (BETS) in 13 FSC and 8 FSE dogs with
epilepsy (Fig 1B).

Paroxysmal epileptiform activity was observed in 3
dogs with epilepsy, and it was characterized by spikes,
polyspikes, and spike and slow wave complexes in
posterior-occipital derivation in all of them (Fig 2A, B).
In addition, 1 dog with epilepsy exhibited periodic delta
activity at right temporal localization, and, in 2 dogs,
delta rhythms were diffuse. One of the control dogs
exhibited midline spikes (Fig 3), and one had occipital
theta rhythms.

For statistical analysis, the epileptic group was
divided into 2 subgroups: dogs with epilepsy without
treatment (FSENT) and dogs with epilepsy under
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Electroencephalographic traces of a control Finnish Spitz dog. (A) The 12-Hz sleep spindles follow beta activity in the midline

region. (B) Benign transients of sleep in bipolar montages (arrows). Recording is in bipolar montage, time constant 0.3 second, and high-

frequency filter 70 Hz; notch filter inserted.

phenobarbital treatment (FSEPh). We found no signif-
icant correlations by multivariate analyses between EEG
activity type and age, sex, weight, heart rate, nervous-
ness of the patient, medetomidine dosage, number of
drug administrations, and time from initial injection to
the beginning of recording. The results of the qEEG
showed a prevalence of slow rhythms (delta and theta) in
all groups, whereas fast rhythms (alpha and beta) were
poorly represented. All data but theta band relative
power for FSENT were sampled after Gaussian
distribution and passed a normality test. Differences
among standard deviations for delta and alpha bands
were significant. The results of the mean relative power
are presented in Table 1. A summary of these data
appears in Figure 4, with significance levels for the
compared results of different groups in Table 2.

The control dogs showed significantly less theta and
beta activity (P < .01) on their EEG than did the
common group of dogs with epilepsy (FSE), although
the only significant difference between healthy dogs and
dogs with untreated epilepsy was in the alpha band (P <
.001). Phenobarbital treatment increased alpha, beta (P

< .001), and theta (P < .01), and decreased delta (P <
.001) bands compared with dogs who have untreated
epilepsy. All dog groups had similar characteristic
relationships for theta and beta frequency bands.

Discussion

In our study, we compared the visual and background
characteristics of EEG in healthy dogs and dogs with
epilepsy of the same breed. Such a selection for an EEG
study population is seldom described in the veterinary
literature.* Such a study population should add homo-
geneity to results, because it would be logical to suppose
that different breeds would exhibit different normal
EEG patterns because of their different sizes, tempera-
ments, and other characteristics. This phenomenon is
described in human medicine.'® Future EEG studies in
dogs should be designed to address this question.

Another advantage of our study is the blinded visual
EEG evaluation, which contained records from the
control dogs and the dogs with epilepsy. This approach
has not been previously reported in the veterinary
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Fig 2. Electroencephalographic traces of an epileptic Finnish Spitz dog. (A) Repeated spike and slow wave complexes in bilateral occipital
and parietal derivations. (B) Slow background activity superimposed with spike in bilateral occipital and parietal derivations (arrows).
Recording is in bipolar montage, time constant 0.3 second, and high frequency filter 70 Hz; notch filter inserted.

literature. An homogenous study population and
blinded descriptive review of EEG records should allow
us to draw more realistic estimations about the presence
of normal patterns and epileptiform findings in dogs,
without introducing bias. We described BETS and sleep
spindles in 68% of dogs in our study. These findings are
well recognized in healthy humans and in ones with
epilepsy.'*" Sleep spindles occur mainly in the II stage
of sleep. They begin and end abruptly with frequencies
up to 15 Hz and amplitudes of 30-50 uV. The duration
of discharges usually is from 0.5 to 1 second.'”* Beta
bursts are very similar paroxysms. They differ in having
higher frequency (up to 30 Hz), longer duration, and do
not begin and end abruptly.?’ Both of these transients
occur in the frontal, central, and parietal derivations.
BETS, also described as small sharp spikes, are
recognized as epileptiform normal variants.''®* They
have a low amplitude and are sharply contoured
transients that occur in the I-II sleep stage. They have
average amplitudes of 60 uV and 60 msec duration and
are found in the central and temporal areas.'”? One
study in humans reported 93% of sharp transients in the

sleep EEG of healthy volunteers, with an incidence of
13% for true epileptiform discharges."” These changes
could be misinterpreted as true epileptic discharges,
especially if the clinical status of the patient is known
and the interpreter has little experience in detection of
this phenomenon. We adapted standard descriptions
used in the neurophysiology of humans to describe all
EEG patterns in FS dogs.”® Larger studies should be
designed in the future in a variety of dog breeds to
describe in detail specific characteristics of different
EEG patterns in dogs and to compare results with those
of humans.

Epileptiform activity in healthy dogs has not been
studied in the veterinary literature. In our study, we
detected midline spikes in 1 control dog. In addition, we
observed a similar finding in other healthy FS dogs not
included in this study. In humans, this finding is thought
to represent epileptiform activity of uncertain clinical
relevance.”** In the healthy human population, inter-
ictal epileptic discharges are present in up to 2.6% of
individuals.*® We found epileptiform paroxysms in 1 of
the 16 healthy dogs (6%). The seizure frequency in FS
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Fig 3. Electroencephalographic traces of a control Finnish Spitz dog. Spikes in midline derivations (arrow). Recording is in bipolar
montage, time constant 0.3 second, and high-frequency filter 70 Hz; notch filter inserted.

dogs often is as low as 1-2 episodes per year. As
described in our previous study, these dogs are kept
outdoors and are under the direct observation of their
owners 25 to 50% of the time.'* Therefore, some mild
ictal events could be missed by their owners, and
subclinical epilepsy cannot be excluded. The control
dogs with epileptiform paroxysmal activity showed no
closer relationship to the dogs with epilepsy than to the
control groups on average. The majority of control dogs
had relatives with epilepsy in their pedigrees at least in

the 2nd or 3rd generations. The literature on humans
clearly defines the higher prevalence of epileptic
discharges (up to 50%) on the EEG recordings of the
siblings of persons with epilepsy.?® At present, we are
unable to answer whether epileptiform activity in
healthy individuals has some predictive value for the
future development of epilepsy or indicate genetic
carrier status in the FS dogs.

All of the dogs with epilepsy included in this study,
according to information obtained from their owners,

Table 1. Results of mean relative power of electroencephalography background activity bands for different groups
of Finnish Spitz dogs.
Delta Band Theta Band Alpha Band Beta Band
Group Mean (*SD) Mean (*SD) Mean (£SD) Mean (*SD)
FSE 82.33 (1.10) 10.46 (0.70) 3.79 (0.34) 2.92 (0.20)
FSENT 83.37 (0.90) 9.97 (0.65) 3.46 (0.27) 2.73 (0.17)
FSEPh 80.24 (1.74) 11.46 (1.00) 4.4 (0.55) 3.30 (0.29)
FSC 82.79 (0.61) 9.64 (0.27) 4.08 (0.18) 2.66 (0.14)

FSE, Finnish Spitz dogs with epilepsy; FSENT, subgroup of Finnish Spitz dogs with epilepsy without treatment; FSEPh, subgroup of
Finnish Spitz dogs with epilepsy on phenobarbital monotherapy; FSC, group of all control Finnish Spitz dogs; SD, standard deviation.
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Fig 4. Results of mean relative power of electroencephalography background activity bands for different groups of Finnish Spitz dogs.
FSE, Finnish Spitz dogs with epilepsy; FSENT, subgroup of Finnish Spitz dogs with epilepsy without treatment; FSEPh, subgroup of
Finnish Spitz dogs with epilepsy on phenobarbital monotherapy; FSC, group of all control Finnish Spitz dogs.

suffered from focal seizures, and some with generaliza-
tion. In 3 FSE dogs, focal epileptic activity was noted
upon visual examination of the EEG records. Spike,
polyspikes, and spike slow wave complexes were located
in the posterior and occipital areas in all of them. Spikes
and spike slow wave patterns are recognized as specific
findings in many epileptic syndromes in human medi-
cine.”?” These findings on EEG were the only abnormal
findings detected in the dogs with epilepsy. Interictal
EEG showed focal paroxysmal changes in 20% of the
dogs with epilepsy. The results of other diagnostic tools
(eg, blood tests, CSF, MRI, urinalysis) all were negative.
All of the dogs with epilepsy with positive EEG findings
were examined with 1.5 T MRI, and structural brain
lesions were not observed. Therefore, the diagnosis for
the dogs was idiopathic epilepsy. In a previous EEG
study of dogs with epilepsy, focal epileptic activity
occurred in 64%, but not all of the dogs were diagnosed
with either idiopathic epilepsy or focal seizures.® In
humans, epileptiform activity is found in 29 to 55% of
patients with epilepsy at first EEG examination. The
percentage can be increased up to 90% after repeated

examination with sleep deprivation, hyperventilation, or
photic stimulation.?*? Use of similar methods in
veterinary medicine to increase the sensitivity of EEG
findings is clearly restricted. Epileptiform activity in
dogs with focal idiopathic epilepsy recorded interictally
seems to be a less frequent finding as described until
now.

Epileptic discharges in the occipital lobe are a rela-
tively common finding in human patients, especially in
children, but, as a separate epilepsy syndrome, they have
been recognized only during the last 15 to 20 years.”® FS
dogs may experience focal idiopathic epilepsy originat-
ing from occipital or other posterior areas.

Quantitative EEG was used to analyze the frequen-
cies of background activity. Two-second epochs from
the recorded EEG were selected for qEEG. As
mentioned in a previous study, this approach helps to
maximally eliminate the negative influence of artifacts.’
Suppression of the fast alpha and beta bands of the EEG
by using medetomidine sedation was described pre-
viously in experimental dogs.'” Similar reports involve
the use of other sedative or anesthetic drugs used for

Table 2. Significance in electroencephalography background activity bands between different groups of Finnish

Spitz dogs.
DELTA Relative THETA Relative ALPHA Relative BETA Relative
Power (%) Power (%) Power (%) Power (%)
FSE versus FSC NS *x NS *E
FSENT versus FSEPh ok o ok ok
FSENT versus FSC NS NS ok NS
FSEPh versus FSC ** HoHE NS HHE

FSE, Finnish Spitz dogs with epilepsy; FSENT, subgroup of Finnish Spitz dogs with epilepsy without treatment; FSEPh, subgroup of
Finnish Spitz dogs with epilepsy on phenobarbital monotherapy; FSC, group of control Finnish Spitz dogs; NS, not significant with

significance level P > .05.

*, significant difference between compared study groups in the level of P < .05.

**significant difference between compared study groups in the level of P < .01.

**%* significant difference between compared study groups in the level of P < .001. Significance levels for delta, alpha, and beta bands
were examined with nonparametric tests. Significance level for theta band was evaluated with parametric test.
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EEG recordings.**'* The results of this study support
this approach, because low delta and theta activity was
the dominant background activity in all of the FS dogs,
but alpha and beta bands were poorly represented. Slow
theta and fast beta frequency bands appeared more
frequently in dogs with epilepsy than in FSC, but only
alpha activity showed a statistical difference between
FSENT and FSC. An increase in the beta band was
observed in a previous EEG study of healthy human
volunteers after PO administration of phenobarbital and
in a study of patients with epilepsy, but the results failed
to reach statistical significance.”** A dose-dependent
increase in beta and theta bands after phenobarbital
administration also is reported in rats.* Theta rhythm is
associated with the use of sedatives (such as barbiturates
or neuroleptics) in humans.*> We observed highly
significant differences in all background bands between
untreated and treated dogs with epilepsy. The pheno-
barbital influence described here is in agreement with
previous publications. Phenobarbital seems to increase
the theta, alpha, and beta bands, and to decrease the
delta band. The number of treated dogs in our study,
however, was too small to draw conclusions about the
clinical relevance of the described findings.

An EEG recording is an important part of the
diagnostic evaluation in patients with epilepsy. Perform-
ing EEG in conscious dogs is very difficult because of
the uncooperative or even aggressive behavior of some
patients and the frequent muscle movement artifact. To
eliminate these factors, sedation or anesthesia is
necessary. A study by Viitmaa et al** reported the use
of medetomidine as a single agent for the sedation of
dogs with epilepsy during EEG recording. Sedation with
medetomidine, an alpha-2 adrenergic agonist, is easily
accomplished by IM injection. We used a dosage of 40—
60 ug/kg and observed a good level of sedation within
20-30 minutes after injection in the majority of patients.
Medetomidine is a highly selective apha-2 adrenorecep-
tor agonist with neuroprotective properties.>* Conflict-
ing reports discuss both alpha-2 agonist pro- and
anticonvulsive properties. Some investigators found
medetomidine to be a proconvulsive agent.**** Neverthe-
less, the inability of medetomidine alone to induce
seizures argues against direct pro-epileptic action.
Therefore, by taking into account its ease of use and
the availability of an antidote, we consider medetomi-
dine the drug of choice for sedation during EEG
recording in veterinary medicine. Moreover, a report
on humans demonstrates an increase in the detection of
paroxysmal epileptic activity in patients during sleep or
drowsiness.'

An EEG is recommended as a routine examination in
humans for the evaluation of patients with seizures.'
However, limitations in the use of EEG in veterinary
medicine include the interictal nature of the recordings,
the need for sedatives or anesthesia, extensive muscles
over the calvarium in dogs, expensive equipment avail-
able only in large referral institutions, and limited
knowledge in the interpretation of EEG findings in
veterinary medicine. Nevertheless, an EEG seems to be
a sensitive examination for detecting abnormal brain

activity even in sedated dogs. Certainly, an EEG has the
potential to become more important in diagnosing
epileptic conditions in veterinary neurology, especially
in the referral setting. Both visual epileptic discharges
and interictal background rhythms can provide in-
formation that may complement the patient’s history
and neurologic examination, and aid in diagnosis. The
interictal EEG also can be normal in patients with
epilepsy. Quantitative EEG analysis may increase the
yield of diagnostic information in such patients.

Footnotes

#Medetomidine hydrochloride, Domitor 1 mg/mL, Orion Pharma,
Espoo, Finland

®Siemens Magneton Symphony 1.5 T, Siemens AG, Medizinische
Technik, Erlangen, Germany

¢ Picker Edge 1.5 T, Cleveland, OH

9 Galileo Be Light Peripheral Configuration, EBNeuro, Firenze,
Italy

¢ Polygraphic electrodes, BIONEN S.a.s., Firenze, Italy

fThoracic respiratory transducer, BIONEN S.a.s., Firenze, Italy

¢EEG needles, 30-gauge 15-mm monopolar stainless-steel needle
electrodes, BIONEN S.a.s., Firenze, Italy

b Acquisition station RST Galileo System, EBNeuro, Firenze, Italy

'R Development Core Team (2005). R: A Language and
Environment for Statistical Computing. Vienna, Austria: R
Foundation for Statistical Computing; 2005

I Phenobarbital, Barbivet vet 30 mg tab, Vetcare, Salo, Finland
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