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The DC-Recorded Dog Electroretinogram in Ketamine -
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By B. Kommonen 

Introduction 

Kommonen, B: ne DC-recorded dog electroretinogram in Ketamine - medetomi­
dine anaesthesia. Acta vet. scand. 1988, 29, 35-41. -A new selective alpha 2-adre· 
noreceptor agonist, medetomidine hydrochloride was combined with low dosage 
ketamine hydrochloride and vecuronium bromide for d.c. (direct current) recor­
dings of fast electroretinographic (ERG) components in nine ophthalmoscopically 
healthy dark adapted dogs. The dogs were tracheally intubated and manually ven­
tilated. They were given full field single flash stimuli of different intensities star­
ting with near b-wave threshold blue light (tests 1-3), followed by white light (tests 
4-6) and 30 Hz photopic flicker (test 7). The a- and b-wave amplitudes and flicker 
responses were measured from the base line. The latencies were measured from the 
stimulus moment to the highest point of the different waves. 
Statistical analysis of results gave individual differencies which had a good con­
stancy. This showed that the dogs had an individual ERG profile according to the 
standardized method. The latencies varied very little as expected, but the amplitu­
des differed individually and showed a good constancy as seen by reproducibility 
tests made nine to ten days later on three of the dogs' ipsilateral eyes. The combi­
nation of drugs used in this study was considered suitable for short term (10-12 mi­
nutes) stable d.c. - ERG recordings in dogs as the rod and cone responses had hig­
her amplitudes when compared to an identical examination made with other 
anaesthetic combinations on the same dogs. 
Involuntary eye movements and other involuntary muscular activity caused by ke­
tamine in dogs were negligible when using medetomidine premedication and was 
completely absent when using vecuronium. 
The anaesthetic method described can be recommended for ambulatory ERG re­
cordings in dogs because of the above mentioned advantages. 

electrophysiology; retina; canine. 

The amplitudes of the different electroreti­
nographic (ERG) components are usually 
depressed by anaesthetics (Knave et al. 1974, 
Raitta et al. 1979, Brown & Green 1984, 
Jarkman et al. 1985, Tashiro et al. 1986). 
The depressant effect of the anaesthetics can 
mask subtle changes in the a-, b-and c-wave 
amplitudes of the ERG when studying reti-

nal responses to low intensity stimuli, and 
especially when early stage retinal dystrop­
hies are studied under such conditions. 
In a recently made study (Kommonen et al. 
1988) the effect of 2 different anaesthetic 
methods on the ERG rod and cone response 
was investigated using ophthalmoscopically 
healthy dogs. One of the anaesthesias stu­
died was ketamine combined with xylazine. 
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red by a C02 analyzer (C02 analyzer D 300, 
Datex, lnstrumentarium, Finland). After 
the recordings the neuromuscular blockade 
was reversed by metastigmine with atropine. 
Reproducibility tests of the ERG recordings 
was performed 9-10 days later on 3 of the 
dogs using identical anaesthesia and identi­
cal stimulating and recording techniques. 
The stimulating apparatus, electrodes and 
recording apparatus and a detailed descrip­
tion of the electrophysiologic examination 
has been published (Kommonen et al. 1988). 
The dogs were kept in dimly lighted dog ca­
ges for at least 1 h before the examination. 
The dark adaptation was started immediate­
ly after application of the premedication and 
mydriatics. The dark adaptation time ran­
ged from 30 to 47 min (mean 36 min). Oxy­
buprocaine hydrochloride eyedrops (Oftan 
ObucainR 4 mg/ml, Star, Finland) were in­
stilled in the eye. In all anaesthesias the sti­
mulus intensities and sequence were identi­
cal to those described earlier (Kommonen et 
al. 1988). Six single flashes of different in­
tensity were delivered at 1 Yi min intervals. 
As a seventh Test a 30 Hz photopic flicker 
stimulus was delivered after light adapta­
tion. The filters used and the relative intensi­
ties of the test flashes, referred to as tests 1-
7, are shown in Table 2. 

Table 2. Intensity of the different test flashes. 

Test Flash Filters used 
N:o 

Log relative 
units above 
Test I 

ND 1, ND 2, KW 47 B (blue) 0 
2 ND 1, KW 47 B 2 
3 ND 0.6 KW 47 B 2.4 
4 ND 2 1.7 
5 
6 
7 

ND 1 2.7 
3.7 
2.3 

Statistical methods 
Median was used as a nonparametric stati­
stic for central tendency and quartile devia­
tion (d) for dispersion and still the range in­
terval was used for description of the obser­
vations. 
In order to get some comprehension on the 
consistency of observations the intra indivi­
dual correlation of 3 replicates was calcu­
laed. The estimates of variances for observa­
tions of 9 dogs (Sb2) were calculated as well as 
estimates on the basis of the differences in 
replicates (Sw2). The coefficient of the intra 
individual correlation R w was estimated on 
the basis of the equation: 

S 2_s 2 
R z = _b_w_ 

w sb2 

Sb2 =variance between all observations 
Sw2 =variance of the observations in the 

same individual 
This coefficient was calculated only for am­
plitudes because of the small variation in la­
tencies. 

Results 
E/ectroretinography 
The amplitudes and latencies of a- and b-wa­
ves under different intensities, referred to as 
test 1-6, and 30 Hz photopic flicker stimuli 
(Test 7) are seen in Table 3 and 4 respective­
ly. 
The level of Rw:s was mainly high. The med­
ian for a-waves was 0.89 and 0.92 for b wa­
ves. This meant that the observations on the 
dogs, which represented a rather homoge­
nous group, gave individual differencies 
which had a good constancy. ERG recor­
dings from one of the beagle bitches is seen 
in Fig. 1. 
The repeatability of some observations, 
shown for Test 2 (low intensity blue light, 
mainly rod and rod mediated response) and 
for Test 7 (30 Hz photopic flicker response, 
cone mediated response), can be seen in Ta-
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Figure 1 . ERG recordings from one of the Beagles. Test 1 shows a typical response to the lowest intensity used. 
The positive deflection (after convention upwards = positive) after stimulation is called the b-wave, which origi­
nats mainly from the bipolars. The a-wave, which has its origin in the receptors in still missing at this intensity. 
In the second recording (Test 2) a small negative deflection, the a-wave originating from the receptors is seen di­
rectly after the stimulus. The stimulus moment is indicated under the recordings as a small deflection on the line 
with time and amplitude calibration. The first deflection on the line under the flicker response (Test 7) also indi­
cates the stimulus moments of Tests 5 and 6. The significance of a disturbance free base line as seen in the recor­
dings is obvious for evaluation of the a-wave amplitude at low intensities as in test 2. 
Tests 3 and 4 show practically identical responses in spite of different intensities and different spectral distribu­
tion of the test flashes. A relative lowering of the b-wave in relation to the a-wave is seen already after Test 2. 
Shortening of especially the a-wave latencies is seen at higher intensities (Tests 5 and 6). Oscillatory potentials 
are superimposed on the b-waves of tests 1-6. 
Test 7 shows a typical 30 Hz photopic flicker response. 

Table 3. Amplitudes and latencies of a-waves under different intensities. 

Amplitudes (µv) 

Test No Range Median d 

-· 2 14-38 35 5.3 
3 45.5-115 91 21.9 
4 42-126 87.5 21.8 
5 105-308 178 50 
6 192-430 329 51.8 

•The a-wave was not recordable using this intensity. 

ble 5. The results of a repeated examination 
made 9-10 days later on the same eye of the 
same dogs are in parenthesis. The repeatabi­
lity described in these examples was similar 
in the main features for the other Tests (1, 3, 
4, 5 and 6). 

Acta vet. scand. vol. 29 no. I - 1988 

Latencies (ms) 

Rw Range Median d 

0.81 18-22 20 
0.96 17-20 19 0.75 
0.77 17-20 19 0.75 
0.90 13-17 15 2 
0.89 7-8 8 0.4 

Anaesthesia 
The dogs showed light grade sedation and 
reduced muscular tone already a few minu­
tes after the administration of the premedi­
cation. Duration of the ERG examination 
was 10-12 min. The induction doses of the 
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Tab le 4. Amplitudes and latencies of b-waves under different intensities. 

Amplitudes (µv) 

Test No Range Median d 

1 7-147 77 38.4 
2 164-469 273 69 
3 98-420 189 56 
4 105-588 217 61.2 
s 45.5-413 126 97 
6 3.S-364 94 99 
7 35-90 70 15 

anaesthetics provided sufficient anaesthesia 
for this examination. All dogs recovered 
uneventfully from the anaesthesia. End tidal 
C02 concentration was <5% in all dogs du­
ring anaesthesia (generally 4-50Jo). 
The heart rate increased after the admini­
stration of the premedication, and it did not 
quite reach base line values when recorded 
immediately after the ERG. In one dog the 
QRS (heart ventricular) complex after the P 
wave was occasionally missing. 

Latencies (ms) 

Rw Range Median d 

0.84 67-77 72 2 
0.93 39-53 43 2.2 
0.92 31-42 33 l.S 
0.77 31-42 33 1.8 
0.95 29-33 33 1.2 
0.98 27-40 30 3.2 
0.80 21-24 22 0.25 

The eye globes of the dogs were in 6 cases 
straight, but 3 eyes showed a slight tendency 
to ventronasal rotation. The slight ventrona­
sal rotation diminished after ketamine and 
dissappeared completely after the admini­
stration of vecuronium. The pupils were ma­
ximally dilated and no light response could 
be observed when checked immediately after 
the recordings. No corneal irritation was ob­
served after the examination. Cyclopentola­
te caused light grade conjunctiva! irritation 
in the dogs. 

Table S. The a- and b-wave amplitudes and latencies oftest 2 and corresponding values ofb-waves in test 7 of 
the first and repeated examinations (in parenthesis) of 3 of the Beagle dogs 

Dog ear nr. 

0350 
061E 
070 

Dog ear nr. 

0350 
061E 
070 

Test 2 (low intensity blue light) 

a-wave b-wave 

ampl. in µV 

11.S (17.S) 
35 (45.S) 
35 (28) 

ampl. in µV 

60 
90 
so 

(65) 
(100) 
(65) 

lat. in ms ampl. in µV 

22 (20) 220 (266) 
20 (20) 469 (525) 
18 (20) 301 (350) 

Test 7 (30 Hz photopic flicker, white light) 

lat. in ms 

21 
22 
22 

(21) 
(22) 
(22) 

lat. in ms 

43 (45) 
43 (43) 
39 (47) 
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Discussion 
As stable, reliable, single flash ERG recor­
dings from dogs have to be performed in 
anaesthesia or deep sedation, anaesthetics 
interfering as little as possible with the reti­
nal action potentials must be considered su­
perior to those which affect the latter to a 
higher degree. The combination of medeto­
midine with ketamine in the described dosa­
ge resulted in an analgetic and anaesthetic 
state that allowed the use of an ultra short 
acting neuromuscular blocking agent follo­
wed by subsequent tracheal intubation. It 
has to be pointed out that intravenous keta­
mine at this dosage resulted in a short anaes­
thesia, which proved sufficient for the recor­
dings made in this study. The use of the neu­
romuscular blockade was advantageous be­
cause of the lack of muscular activity that 
usually results in more or less great irregula­
rities on the base line. The method resulted 
in a practically disturbance and drift free ba­
se line even at long registration times of 10 s 
which are needed for registration of the c­
wave. 
As good single flash ERG recordings from 
dogs cannot be made in a state completely 
free from pharmacologic influence, the phy­
siological dog ERG is impossible to achieve. 
The anaesthetic method described had the 
least depressing effect on the amplitudes of 
all the anaesthetic and sedative methods te­
sted by the author and his collaborators for 
dog ERG recordings. A study using the same 
stimulating and recording method was un­
dertaken using other combinations of anaes­
thetics and sole anaesthetics in the same indi­
vidual dogs, using the same eyes (Kommo­
nen et al. 1988). 
The exact mode of action of the drugs used 
in this study can only be speculated upon. It 
seems that a combination of medetomidine, 
ketamine and vecuronium would interfere 
very little with the hyperpolarization of the 
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receptors themselves after photic stimula­
tion (high a-wave). This assumption is based 
on the hypothesis that dogs would show still 
higher receptor responses (a-wave) in the 
unanaesthetized state. This has been shown 
for ketamine in rabbits (Sasovets 1978). 
Because individual dogs have quite large dif­
ferences in a- and b-wave amplitudes the 
neccesity to test the reproducibility of recor­
dings is obvious. The method used showed 
good reproducibility of observations. The 
small difference in results of the reproduced 
examinations when compared to the first 
examination can be caused by intrinsic or ex­
trinsic factors. Intrinsic factors could have 
their origin in the retinal metabolism. Ex­
trinsic factors could be based on the slight 
differencies in position of the eye in the full 
field illuminator, or in the conductance of 
the electrodes, or slightly differing light hi­
story before starting the dark adaptation. 
Test 1 b-wave represents a rod mediated re­
sponse and test 2 a-wave mainly a rod re­
sponse. Test 7 oscillations represent cone 
mediated responses (Aguirre 1975). In this 
investigation the dogs had an individual 
ERG profile which was very little influenced 
by the method of examination. The well 
standardized method using quantitative 
anaesthesia can be recommended for short 
term ERG recordings in dogs. 
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Sammandrag 
LikstriJms fiJrstiirkt registrering av e/ektroretino­
gram pd hund i ketamin - medetomidin anestesi. 
En ny selektiv alfa 2-adrenoreceptor agonist, med­
etomidin hydroklorid kombinerades med en IAg dos 
ketamin hydroklorid och vecuronium bromid for re­
gistrering av likstrOmsfOrstiirkt elektroretinografi 
(ERG) pA 9 oftalmoskopiskt friska mOrkeradaptera­
de hundar. Hundama intuberades och ventilerades 
manuellt. De gavs enskilda blixtar av olika intensitet 
Over hela synfliltet bOrjande med blAtt ljus niira b­
vAgens retningstrOskel (test 1-3) fO!jda av vitt ljus 
(test 4-6) och 30 Hz fotopiskt flimmer (test 7). Ampli­
tudema av a- och b-vAgorna och flimmer responser­
na mllttes frAn noll-Iinjen. Latenstiderna mllttas 
frAn stimulustidpunkten till den hOgsta punkten pA 
de enskilda vAgoma. Statistisk analys av resultaten 
pAvisade individuella skillnader med god konstans. 
Hundama hade en individuell ERG profil enligt den 
standardiserade metoden. Latenstidema varierade 
mycket litet, men amplitudema varierade individu­
ellt och visade sig ha god konstant enligt resultaten av 
en reproducerbarhets undersOkning som gjordes 9-
10 dagar senare pA samma Ogon pA 3 av hundama. 
Kombinationen av de anviinda preparaten ansAgs va­
ra llimplig for kort (10-12 min), stabil likstrOmsfOr­
stiirkt ERG pA hund emedan stav och tapp respon­
serna hade hOgre amplituder iin under andra kombi­
nationer av anestetika undersOkta pA samma hun­
dar. 
Ofrivilliga OgonrOrelser och muskelryckningar fOr­
orsakade av ketamin hos hund minskade betydligt 
med medetomidin premedikation och dylika feno­
men fOrsvann helt efter applicering av vecuronium. 
Den beskrivna anaestesimetoden kan rekommende­
ras for ambulatorisk ERG pA hund pA grund av de 
beskrivna fOrdelama. 

(Recieved July 9, 1987). 
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