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Abstract : This study was performed to evaluate sedation with quantitative electroencephalography (EEG) analysis in
dogs. EEG is used to evaluate objectively the effects of CNS acting with brain and behavioral changes. Especially,
spectral edge frequency 95 (SEF 95) parameter is an effective method to determine the sedative status. The SEF 95
is the frequency below 95% of the total power. Twelve healthy intact male Miniature Schnauzer dogs, which did not
show any neurological abnormalities and disease, were used for the study. EEG electrodes were inserted in subcutaneous
tissue over the calvaria without entering adjacent muscles, The EEG data were acquired and analyzed by EEG raw
wave and spectral edge frequency 95 analysis. After the administration of sedatives, the SEF 95 values were shown
the significant changes compared with the normal state in all groups (p<0.05). It is suggested that SEF 95 analysis

is useful method for assessing the state of sedation in dogs.
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Introduction

Sedation is a state characterized by central depression
accompanied by drowsiness (5,12). In veterinary field, sedation
needs to do muscle relaxation, anticonvulsant and behavior
modification (12). The methods for assessing the sedation level
are heart rate, respiratory rate, muscle relaxation, and ocular
sign (7). However, the standard methods for clinical exami-
nation of sedation have been few reported. EEG can be a
valuable tool in the evaluation of central nervous system
activity (6). Electroencephalography (EEG) is a useful and
noninvasive investigation tool for assessing the CNS activity
and may be a more sensitive method than measurement of
locomotor activity to assess sedation (1,2,6). In veterinary
medicine, the EEG has been an important diagnostic method
to aid in evaluation of many encephalopathies including brain
tumors, seizure activity, and hydrocephalus (15). Moreover,
effects of many drugs and anesthetics have been evaluated by
routine inspection of canine EEG (13,14). Especially, the
quantitative EEG such as relative band power analysis and
spectral edge frequency analysis can be effective assistance in
diagnosing various conditions affecting brain alternation (1).
The SEF 95 is a frequency in the EEG determined by the
95% of the power spectral density, with lower values indicat-
ing a higher degree of sedation and hypnosis (10,11).

The present study was designed to evaluate sedation with
the spectral edge frequency 95 analysis in dogs.
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Materials and Methods

Experimental animals

Twelve healthy intact male miniature schnauzer dogs (4.2-
6.1 kg), which did not show any neurological abnormalities
and disease, were used for the study. Food was withheld for
at least 12 hours before the experiments. The experimental
groups were divided 5 groups. Five groups were acepro-
mazine group (n=10), butorphanol group (n=10), diazepam
group (n=10), medetomidine group (n=10), and phenobarbital
group (n=10), respectively. Dog were repeatedly used with a
washout period of 2 weeks.

Experimental procedure

A calm environment was obtained and recording was started.
After the electrodes were placed at appropriate sites, the first
30 min were spent allowing the dog to stay. Total experimental
period were 30 min. In conscious condition, EEG recording
was determined with intervals of 2 min in each group; the
mean value was taken (a). Ten minutes after baseline record-
ing, the sedative drugs were administered intravenously
through the cephalic vein. During sedation, EEG recording
were measured at intervals 4 min for duration of 20 min (b-f).
Measurement was made at time point a-f (Fig 1).

Drugs

The experimental drugs used were: acepromazine (0.05 mg/
kg; Sedaject®, Samu Median Co., Ltd, Korea), butorphanol
(0.2 mg/kg; Butophan®, Myungmoon Pharm Co., Ltd., Korea),
diazepam (0.5 mg/kg; Melode®, Dongwha Pharm. IND. Co.,
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Fig 1. Experimental procedure. a: average of 5 times per every
2 min during 10 min in conscious condition, b-f: 5 times per
every 4 min during 20 min in sedative condition.

Ltd. Korea), medetomidine (0.01 mg/kg; Domitor®, Orion
Phama, Finland) and phenobarbital (5 m/kg; Luminal®, Daihan
Pharm. Co. Ltd., Korea).

Electrode setting and EEG equipment

The electrode sites inserted for EEG recording in the skull &
ears were clipped, and then 2% lidocain was subcutaneously
administered at the sites. Five minutes after lidocain injection,
the EEG electrodes were inserted in subcutaneous tissue over
the calvaria without entering adjacent muscles. The electrodes,
stainless-steel pins like type of a fish hook, were inserted
underneath the skin. An eight-channel monopolar computer-
ized EEG (Model: Quantitative EEG-8, LXE3208, Laxtha
Inc., Korea) and needle electrodes were used (Fig 2). The

Fig 2. The positions of electrodes for quantitative EEG analysis
in dog. The positions are drawn frontal, parietal, and occipital,
respectively. Frontal vertex (FV) position was middle frontal
electrode. Frontal right (FR) and frontal left (FL) position was
right and left frontal electrodes, respectively. Parietal right (PR)
and parietal left (PL) position was right and left parietal elec-
trodes, respectively. Occipital right (OR) and occipital left (OL)
position was right and left occipital electrodes, respectively.
Occipital vertex (OV) position was middle occipital electrode.

electrode arrangement consisted of placing 8 electrodes on
the head (frontal, parietal, and occipital area).

EEG data processing

EEG analysis was performed with TeleScan version 2.0
software (LXE3208, Laxtha Inc, Korea). EEG data were fil-
tered by a digital low-pass filter between 2 Hz low cut-off
frequency and 50 Hz high cut-off. Quantitative EEG data
were obtained by the Fast Fourier Transformation (FFT). FFT
was used to obtain the frequency information of digitized EEG
epochs. In this study, the quantitative EEG data were shown
at the middle occipital electrode (OV) for evaluation of global
cerebral activity.

Statistical analysis

Wilcoxon’s signed rank test was used to compare the base-
line values with sedative values of each group. For comparison
of EEG values between groups the Kruskal-Wallis test was
used. When a difference was found significant between groups,
the Mann-Whitney U test was also performed. For each test,
p<0.05 was considered significant.

Results

EEG waves of sedatives

The changes in the EEG wave before and after sedative
administration are shown at Fig 3. In all groups it was shown
that frequency and amplitude decreased compared with normal
condition.

Spectral edge frequency (SEF) 95 analysis

The SEF95 values significantly decreased in all groups after
administration of sedatives (p<0.05, Fig 4). Before administ-
ration, the baseline SEF95 values were 44.53+0.90 Hz (acep-
romazine), 43.80+1.03 Hz (butorphanol), 44.12+1.51 Hz
(diazepam), 44.84+0.89 Hz (medetomidine), and 44.42+1.54 Hz
(phenobarbital), respectively. Twelve minutes after administra-
tion, the SEF95 values were 39.75+3.66 Hz (acepromazine),
36.91+3.41 Hz (butorphanol), 41.41+3.33 Hz (diazepam),
42.28+1.11 Hz (medetomidine), and 38.12+5.94 Hz (pheno-
barbital), respectively. The SEF 95 values of butorphanol group
were significantly different from other groups (P<0.05).

Discussion

It is important to judge the level of sedation or anesthesia
in veterinary medicine. Many clinicians use clinical signs such
as muscle relaxation, ocular signs, the heart rate & rhythm,
and respiratory rate & rhythm to assess the sedation level in
animals (7). In human, the verbal stress scale (VSS), which
grades the patient’s response to either verbal or physical
stimuli, is often used (3). Although adequate in some situa-
tions, use of the VSS is not applicable to those incapable of
responding. As the main site of action of sedative or anes-
thetic drugs is the CNS, there have been many studies on the
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Fig 3. Change of the EEG raw wave before and after sedative administration in 5 groups. FV position is middle frontal electrode. OV
position is middle occipital electrode. FR and FL position is right and left frontal electrodes, respectively. PR and PL position is right
and left parietal electrodes, respectively. OR and OL position is right and left occipital electrodes, respectively.

relationship between sedation and the EEG. EEG monitoring is
recommended for cerebrovascular surgery, cardiopulmonary
bypass, and deliberate hypotension, as a measured method of
anesthetic depth in human (9). In veterinary medicine, effects of
many drugs and anesthetics have been evaluated by routine
inspection of canine EEG. To evaluate the effect of sedative,
it is important to examine the relationship between electrical
activity in CNS and the effects of sedations drugs. Although
the frequency and amplitude of EEG were shown the decrease
pattern, the alteration of EEG raw wave was very difficult to
interpret. Recently, computerized quantitative EEG has been
used to study the level of sedation or anesthesia (7). Especially,

quantitative EEG methods by the numerical parameters such
as band power or spectral edge frequency have been used.
Among the quantitative EEG parameters, SEF 95 analysis was
used to assess sedation in this study. SEF 95 is the highest
frequency of biologic origin present in the EEG signal. SEF
analysis has been effectively used to describe the depth of
sedation or anesthesia in dogs and horses. SEF has been also
studied to correlate with the serum levels or inhaled concen-
trations of different anesthetics (8,13). In this study, it was
shown that the SEF 95 values significantly reduced after
administration of sedatives in all groups. Although the SEF
95 values of all groups significantly decreased, the SEF 95
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Fig 4. Te spectral edge frequency 95 analyses before (a) and
during (b-f) sedation (cf. Fig. 1) recorded from the occipital
electrode in each group (acepromazine, butorphanol, diazepam,
medetomidine, and phenobarbital). *Significantly different from
a (p<0.05), #Significantly different from butorphanol group
(p<0.05).

values of butorphanol group showed the significant difference
compared with other groups. This result shows that the opiate
induces the deepest sedation as previous study (4).

Conclusion

In present study, quantitative EEG analysis was used for
assessing the state of sedation induced by acepromazine, butor-
phanol, diazepam, medetomidine, and phenobarbital, respec-
tively. We knew that SEF 95 values significantly decreased
during sedation compared with these of normal baseline
(p<0.05). The present result suggests that SEF 95 analysis is
the useful methods for evaluation the state of sedation in
dogs.

References

1. Bergamasco L, Accatino A, Priano L, Neiger-Aeschbacher G,
Cizinauskas S, Jaggy A. Quantitative electroencephalographic
findings in beagles anaesthetized with propofol. Vet J 2003;
166: 58-66.

2. Bourin M, Briley M. Sedation, an unpleasant, undesirable
and potentially dangerous side-effect of many psychotropic
drugs. Hum Psychopharmacol 2004; 19: 135-139.

3. Fassoulaki A, Paraskeva A, Patris K, Pourgiezi T, Kosto-
panagiotou G. Pressure applied on the extra 1 acupuncture
point reduces bispectral index values and stress in volunteers.
Anesth Analg 2003; 96: 885-890.

4. Feige B, Voderholzer U, Riemann D, Hohagen F, Berger M.
Independent sleep EEG slow-wave and spindle band dy-
namics associated with 4 weeks of continuous application of
short-half-life hypnotics in healthy subjects. Clin Neurophysiol
1999; 110: 1965-1974,

5. Heavner JE. Veterinary anesthesia update. J Am Vet Med
Assoc 1983; 182: 30.

6. Herin RA, Purinton PT, Fletcher TF. Electroencephalography
in the unanesthetized dog. Am J Vet Res 1968; 29: 329-336.

7. Itamoto K, Taura Y, Wada N, Taga A, Takuma T, Matsumura
H, Miyara T. Effect of medetomidine on electroencephalo-
graphy and use of a quantitative electroencephalograph for
evaluating sedation levels in dogs. J Vet Med A Physiol
Pathol Clin Med 2001; 48: 525-535.

8. Itamoto K, Taura Y, Wada N, Takuma T, Une S, Nakaichi M,
Hikasa Y. Quantitative electroencephalography of medetomidine,
medetomidine-midazolam and medetomidine-midazolambutor-
phanol in dogs. ] Vet Med A Physiol Pathol Clin Med 2002;
49: 169-172.

9. Levy WIJ, Shapiro HM, Maruchak G, Meathe E. Automated
EEG processing for intraoperative monitoring: a comparison
of techniques. Anesthesiology 1980; 53: 223-236.

10. Litscher G. Effects of acupressure, manual acupuncture and
Laser needle acupuncture on EEG bispectral index and spectral
edge frequency in healthy volunteers. Eur J Anaesthesiol
2004; 21: 13-19.

11. Martin-Cancho MF, Lima JR, Luis L, Crisostomo V, Ezquerra
LJ, Carrasco MS, Uson-Gargallo J. Bispectral index, spectral
edge frequency 95%, and median frequency recorded for
various concentrations of isoflurane and sevoflurane in pigs.
Am J Vet Res 2003; 64: 866-873.

12. Muir WW, Mason D. Cardiovascular system. In: Lumb and
Jones’ Veterinary anesthesia, 3rd ed. Baltimore: Williams &
Wilkins. 1996: 62-114,

13. Otto K, Short CE. Electroencephalographic power spectrum
analysis as a monitor of anesthetic depth in horses. Vet Surg
1991; 20: 362-371.

14. Redding R, Knech C. Anestheics, sedatives, and neuromus-
cular blockers. In: Atlas of electroencephalography in the dog
and cat, Ist ed. New York: Praeger. 1984: 199-242,

15. Redding R, Knech C. Seizure discharges and the electro-
encephalogram in organic disease of the CNS. In: Atlas of
electroencephalography in the dog and cat, Ist ed. New
York: Pracger. 1984: 244-330.



The Application of Quantitative Electroencephalography (Spectral Edge Frequency 95) to Evaluate Sedation in Dogs

HolM XI™ BUIE fI8h HEH ZmHAlel XHE

[ =}

e c B Aye A% 2R A bl A HaEARE o8-8ty 1A g Zlojtt, MadARs
ut 53%-4 Wzl AEE F3RAAA Y] Hilg AAFer Y3 o ARgo] Hih A HIAR ARl
spectral edge frequency 95 (SEF 95)y= A AelE H7lshs a3 Wo|t) B AddM Hu H3e 8319
Z}zy o2 F-9le] -40}01] 2 9o ko] #f w3 SEF 952 HE FXE 55l B8 7)o
oE 5% 2 S & Z4E BE A8F9 SEF 95 #tol AXA Fo] A Adejel vwag o, 593
o7 Zhigirhe 7}1% Selslsirt. o] HE SEF 959 A#A Huphrs AelA 14 Adulg Hrieles €5
A4l Wyolg . Aztdrt,

F0{ : 7, =3}, 27, SEF 95

35



