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Fundamental Studies on Clinical Electroencephalography of
Dogs

1. Electroencephalogram (EEG) and Electrocorticogram
(ECoG)

Minoru Suzuki*, Keiichiro Tovosawa*, Kiitiro SITizyo*

Ryota TaTezaki* Hiroshi MATsuMoTo* and Masaru YOSHIDA*

The objectives in this experiment were to establish the electroencephalographic
criteria for clinical veterinary medicine.

A study of electroencephalograph(EEG) and electrocorticograph(ECoG) of
clinically normal and anesthetized dogs was made to obtain control data for
reference in diagnostic studies. About 45 mongrel adult dogs of both sexes were
used in these experiments. They ranged from 6.5 to 17.0 kg in weight. The bipolar
lead EEG and ECoG were recorded for 60 minutes or more from the various
electrode pairs on an 18-channel recorder.

The average frequencies of the EEG in unanesthetized dogs were from 19 to
23 Hz, with average voltages were from 12 to 14 uv. The average frequencies
of the ECoG in unanesthetized dogs were from 18 to 23 Hz, with average voltages
were from 36 to 51 uv.

The average frequencies of the EEG in pentobarbiturate anesthetized dogs were
from 5 to 7 Hz, with average voltages were from 20 to 36 uv. The average
frequencies of the ECoG in anesthetized dogs were from 7 to 8 Hz, with average
voltages were from 100 to 150 uv.

Both the EEG and ECoG were relatively stable for a least 60 minutes during
anesthesia. In comparison with the patterns of the EEG and ECoG in unanesthe-
tized dogs, barbiturate anesthesia caused a decrease in frequency but great
increase in amplitude with slower waves and sharp elements or faster
components.
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Fig. 1 Position of the electrodes with respect to
the scalp, the skull and the brain
A : The scalp. B : The skull.
C : The brain.
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Lo-V Table 1  Frequencies and voltages of EEG in
unanesthetized dogs

RO-V

oy Leads Frequencies(Hz) Voltages (uv)
LO—V 19.8+3.9 12.1£2.6

RF—V RO—-V 18.8+2.5 12.8+2.6
LF—V 21.9%£2.8 12.8+£2.6

LO—LF RF—V 21.1%+3.0 12.8+2.6

- LO—RF 23.0%£3.7 13.5+3.7
RO—RF 20.5+2.5 12.1+£2.6

Lo—Ro LO—RO 21.9+3.2 12.842.6
LF—RF 20.3%+3.0 14.2+3.4

NN

Fig. 3 Bipolar recording EEG of the unanesthetized

dog.
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Fig. 4 Example of the artifacts in electroen-
cephalographic recording from the unanes-
thetized dog.

A : Muscle potential artifacts.

B : Respiratory and body movement arti-
facts.
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Fig. 5 Bipolar recording arrangement EEG during anesthesia in dog.
A 1 minute after anesthesia. B : 60 minutes after anesthesia.
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Table 2 Frequencies and voltages of ECoG in dogs
immediately after implantation of elec-

trodes
Leads Frequencies(Hz) Voltages(uv)
LO—V 7.3%1.0 154.1436.9
(3—15)
‘RO—V 6.9+0.6 151.1+£40.4
(3-17)
LF—V 7.9%£0.6 183.8+65.6
(3-—18)
RF—V 7.2+0.6 154.1+36.8
(3—18) -
LO—LF 7.8%+0.7 204.6+43.2
(3—19)
RO—RF 7.440.8 189.8+38.5
(3 —15)
LO—RO 7.3+0.8 186.8+53.9
(4 —16)
LF—RF 8.0+0.8 213.8%+71.6
(4-19) |
H.R. 192+49.3,/min Mean+SD (n=6)
R.R. 12+ 3.6, min
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Bipolar recording ECoG of the unanesthetized dog. .
A : Immediately after electrodes implantation. B : Recuperation from implantation.
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4y, 105 BRUCOFEN A% FRL 72, EBEDFHUIZ, B
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Table 3 Frequencies and voltages of ECoG in
unanesthetized dogs

Leads Frequencies(Hz) Voltages (uv)
LO—V 22.4+2.6 40.5+£5.7
RO—V 20.2t£3.0 41.6%11.2
LF—V 22.1%£2.4 43.9+t 8.7
RF—V 20.8+2.7 38.9+14.2
LO—LF 22.9£1.9 51.4% 9.0
RO—RF 20.4£3.5 41.4+12.1
LO—RO 22.0£2.7 46.4+ 8.2
LF—RF 17.9+1.6 35.5+ 6.3
H.R. 118 + 17.6,/min Mean+SD (n=5)
R.R. 62 + 54.2/min
Ergy, 144, 2, 5, 10, 15, 30, 60514 8 BFAHIC

DT T 72 5%, kB 1 5 5605 % TOM, &R
DR, B channel BNERZL &3, B, RIE:
VIzd bl o, Tibh, BERTOFHEREND
STHEILA18~23Hz Th - 7274%, FREE 1 54210138 7

Table 4 Frequencies of ECoG in anesthetized dogs
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Fig. 9 Frequency component histograms of bipolar
recording ECoG in unanesthetized dogs.

BLTC, BEEHN20Hz LLEOEERE &I A LTz
FREEE ECoG O A BB iz DWW T, REEERE S
(LO-RO), BITERRE H (LF-RF) 2 channel # Table

S5ICR L7z, RicA LN & Ji, MBYME 14 CTHEH &

iz, 12-20Hz #38% U'20-30Hz Fihma L, 4-8Hz

Frequencies (Hz) Voltages (uv)

Leads ib 1 10 60 min ib 1 10 60 min

LO—V [22.4+ 2.6 7.5+ 1.0 6.1+£0.9 6.1+0.4 | 40.5+ 5.7 103.1+29.4 115.3+38.8 131.7+60.3
(4—-15) (3—15 (3-13)

RO—V |20.2+ 3.0 7.1+ 1.3 6.0+1.0 5.9+ 0.7|41.6%+11.2 105.3+33.7 98.1+39.0 136.3%+76.6
(4—13) (3—14) (2—13)

LF—F (22.1+ 2.4 7.5+ 0.9 6.3+0,7 6.1%= 0.5|43.9% 8.7 132.14+40.7 108.5+36.0 122.0+54.7
(4-16) (3-15) (3—-14)

RF—-V (20.8+ 2.7 7.0+ 0.7 5.7+1.1 5.7+ 0.838.9+14.2 112.4+21.6 103.1+26.7 108.8%+56.5
(3—16) (3—15) (3—15)

LO—LF|22.9+ 1.9 7.4+ 1.0 6.1+0.6 6.1+ 0.6|51.4%+ 9.0 153.8+42.7 151.3+54.1 169.9+56.5
(3-16) (3-—15) (3—14)

RO—RF|20.4% 3.5 7.1+ 0.8 5.9+0.5 6.0+ 0.5|41.4+12.1 127.4+22.5 132.1+38.0 142.4-+40.4
(3—-15) © (3—-15) (3—15)

LO—RO(22.0+ 2.7 6.9+ 1.4 6.1+1.6 6.3+ 0.7|46.4% 8.2 136.7+38.1 127.4%36.1 140.2+60.3
(3-16) (3-15 (3—15)

LF—RF|17.9+ 1.6 7.6t 0.7 6.2+0.6 6.7+0.5 | 35.5+ 6.3 135.6+29.7 143.1+28.5 146.0+73.2
(3—-16) (3—15 (3-15)

HR. 118£17.6 178+11.5 171+9.0 154+28.5

RR. [62.6+54.2 31+24.9 15+6.5 1l=* 5.7
Mean+SD (n=5)

~8 Hz it L, 600 & T IZTRRDAEL D F
R L 72, FHIRIBIE, BREFRTICFHI36~51uV Th- 72
%, BRER 1 58212 1389100~1504 V 12 EF L, £ 060455
FCHBWEELETH 72, F72, HREeZEdF 4

AN L 72, 2-4Hz #3  8-13Hz HH TIE, bTH
TEMTH-T, F72, WMBHE LI, KE1SHDI L
605314 % ToOM, BEHEsLoEizA LN, W
i channel INEREL ALl h -7z,
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Fig. 10 Bipolar recording arrangement ECoG during anesthesia in the dog.
A :1 minute after anesthesia. B ‘ 60 minutes after anesthesia.

Table 5 Frequency components of ECoG in anesthetized dogs

(%)

Leads Hz ib 1 2 5 10 15 30 60 min
2—4120.0£9.7 29.3+16.9 29.9+19.8 31.8+18.3 23.94+15.2 27.3£19.0 27.5%£15.9 31.9%15.6
4—8121.9+5.3 34.1+10.6 37.7+ 8.2 37.0x10.6 39.3+ 4.6 37.6+ 5.8 36.5+7.6 36.3% 7.5
LO—RO| 8 —13|12.6+3.3 22.5+13.3 16.6* 6.3 16.7+ 7.9 21.5+ 8.8 21.3+10.0 22.2+ 6.3 21.0% 6.8
13—201| 24.3+5.5 10.2+ 4.8 11.2+ 4.7 10.7+ 5.1 11.5% 5.7 10.7+ 4.5 10.7% 4.4 8.3% 3.5
20—30120.6+5.9 3.5+ 2.1 4.1+ 2.4 3.3+ 1.8 3.4+ 1.8 2.7£ 1.1 2.7« 1.6 2.1+ 0.7
2—4]22.4+49.2 25.1+ 7.2 23.6+ 7.8 26.7+10.8 28.5+12.7 30.6+ 4.8 31.9+4.4 28.8% 7.8
4—8|21.4+6.0 34.3+ 1.9 36.4+ 5.0 36.3*+ 6.3 36.8+ 5.8 34.9%+ 3.2 36.2+ 5.7 35.9% 3.1
LF—RF| 8 —13|15.8+2.8 24.1+ 3.2 25.0*+ 6.8 24.0+ 8.1 21.0+ 6.3 20.3%* 3.2 19.5%+ 2.1 21.84+ 4.5
13—20| 22.8+8.3 11.4% 3.0 10.6+ 3.4 9.3+ 3.8 10.1%+ 2.7 10.4+ 2.5 9.3£ 2.0 9.7+ 2.5
20—30| 17.2+4.5 4.7+ 1.5 3.9+ 1.8 3.2+ 1.9 3.0+ 2.4 3.3+ 1.7 2.8f£ 13 3.4+ 1.5

Mean £ SD (n=5)

6. BEERIZH TS EEG & ECoG MHE

HEERF|Z 31T 5 EEG & ECoG & DR EELERIE, 100
N A Xz 2w LO-LF, RO-RF, LO-RO, LF-RF X
HEH 4 channel #1T-> 72 TNHEDH HLD 5 HITDN
T, FHEREE, FLRERCREERS LB,
Table 6 iZ/R L 72, FHIRIEIE, EEG THEHHS~10uV,
ECoG T¥#1#525~30uV ThH 1, ECoG iZ EEG 2l
THI3ETH - 2. FHIRAWEEIL, EEG TFHHB~41
Hz, ECoG T¥##38~41Hz T& "), EEG & ECoG &
DERIIA LN -T2,

BEBE S Iz DWW TlE, 2-4Hz H 3 Tld EEG »F

ECoG & 0 &<, 8-13Hz #H Tl EEG #* ECoG & D 1{&
WETH 572, /2, I DORBEBFRTIE, EEGH*
ECoG & 0 b §h it W MEMTH - 72,

7. WRERREIZ 5175 EEG & ECoG

FREEES ) EEG & ECoG & M RIBFEL&R I, RIBE 4
channel #10BD 4 X 22V TAT>720 FD 5 HD 5l
DA DWW, FHRES, FHRIER OB ERS
xMEL 72, Table 71246015 & 92, BEKI4e
channel T EEG, ECoG & IZIZFEBNETH -7, L
H» LIRIETld, EEG 75 F##12~174V TH DKL
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Table 6 Simultaneous recording EEG and ECoG in unanesthetized dogs

Lead Frequencies Voltages Frequency components (%)
cacs (Hz) (uv) 914 4138 8—13  13—20  20—30
LO—LF ECoG  41.94+2.5 29.9+8.1 28.9+ 7.7 21.246.1 12.7+2.7 16.9% 5.9 19.9+ 4.6
EEG 40.1+4.9 7.8+2.6 51.6+23.3 14.4%+6.5 3.5+0.7 12.9%x11.7 17.2+18.3
RO_RF ECoG  39.5+4.5 26.2+5.2 30.2+ 6.2 26.5+2.9 13.0+4.7 15.0%+ 3.8 14.9+ 4.4
EEG 38.5+4.7 8.6+3.3 60.5%£16.9 18.1%£2.2 4.7£2.8 5,9+ 4.6 10.4i9‘.0
LO—RO ECoG  40.8+3.1 27.4%+7.1 25.0+12.2 23.9+7.5 11.1+2.7 19.9+ 6.6 19.7+ 7.3
EEG 35.2+5.7 8.6+3.3 62.2%+15.8 15.6+4.9 4.2+1.7 7.0 6.2 10.7x11.6
LF—RF ECoG 38.7%+4.5 28.7+7.0 20.3+ 6.0 25.9+3.7 12.7+2.5 21.6+ 6.8 19.0+ 4.1
EEG 41.3%£7.0 9.2+3.8 50.7%£27.3 14.3%7.2 4.7+3.8 10.6+ 9.5 19.3%£21.7

Mean+SD (n=5)

Table 7 Simultaneous recording EEG and ECoG at 60 minutes after anesthesia in dogs

Lead Frequencies Voltages Frequency components (%)
eads

(Hz) (uv) 2—4 4—8 8 —13 13—20 20—30Hz
LO—LF ECoG  6.5+0.8 197.4+61.2 42.0+14.5 29.2+ 6.5 18.7%5.3 8.0x£2.7 2.6x£1.2
EEG 6.0+0.9 13.1+ 2.6 45.6%19.2 34.9%17.2 12.5+6.4 5.2%£3.3 1.3+0.8
RO—RF EcoG  6.3+0.6 128.1+43.0 34.9+19.0 40.1+15.2 15.6+4.3 6.9+1.2 2.0£0.3
EEG 5.6+1.0 11.8+ 2.6 42.6+18.9 38.4%+15.6 12.9%+2.6 4.5+1.6 1.2+0.8
LO—RO ECoG 6.5+0.5 146.3%38.6 32.9+11.8 41.4+ 8.1 15.5+3.8 7.6x£2.5 2.1x1.0
EEG 5.8+1.1 12.4% 2.2 47.6+12.2 32.2+ 8.6 13.2%3.4 5.2+1.7 1.5+0.6
LF—RF ECoG 6.9+0.7 141.3%37.5 24.1+10.3 31.8%+ 3.1 24.3+7.3 14.5%2.9 5.0+1.6
EEG 6.6+1.0 16.8+ 3.5 44.0x10.5 31.8% 9.0 15.1%4.4 6.8+1.3 1.8+0.6
Mean+SD (n=5)

T, ECoG 13 F##9130~200V TH 1, B L 210N
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EURELHE L RABLCHIREETHY, LVRBL.

TRIBH D VEFBER R MR L L2 Fbs, BRRIICIZEMY
FEEELLND,

WRELEED EEG & 1 ECoG

Prynn & Redding'®i% methoxyflurane BRER 728
DEAMRE: & | T, methohexital #4K&E0.45kg472 1) 5
mg % BHIRPIICIR 5. L, 1 5% EEG 134831k & random
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LEAPALNT, RELLEBTH > 72, IRIBITHE
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