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Introduction

Electroretinography (ERG) is an electrophysiological 
method for registering the electric potentials that occurred 
in retina, stimulated by light [1,6]. It was first applied to the 
animals in the 19th century, when Holmgren F. et al. [14], has 
observed the answer of cut frog eye to light. Over the years, 
the survey was administered in various animal species such 
as dog, cat, horse, ruminants, predatory birds [20], and exotic 
animals [13]. In present days clinical ERG is commonly 
applied for study of patients with cataracts before surgical 
removal of the lens [31]; it is also reliable for early diagnosis 
of congenital and acquired retinal diseases [7, 8, 27], sudden 
loss of vision without ophthalmoscopic abnormalities [24]. 
The Bulgarian hound breed is the oldest and a very popular 
national hunting breed [4]. Studies on eye diseases in 
Bulgarian hound are few, so one of our tasks was to obtain 
reference values   for ERG in healthy dogs of this breed. It is 
recommended that each clinic or laboratory should develop 
their own protocol for the study by conducting diagnostic 
ERG and establish normal values   for the equipment, 
anaesthesia protocol, positioning of the electrodes, taking 
into account the breed and age of the animals examined [7]. 
Thus our second purpose was to establish standard ERG 
protocol for the available equipment.

Material and methods

In this study 26 healthy dogs (52 eyes) from the Bulgarian 
hound breed were used. The average age was 47 (24-91) 

months (median and range) and average weight 25.75 
(16.6-40.0) kg (median and range). Dogs were used for 
hunt. Twelve of them were females and fourteen males. The 
animals lived separately one from another. Most often they 
were fed chicken or duck lanterns, bread and commercial 
dry food. All animals were subjected to thorough clinical 
examination and routine ophthalmologic exam including 
observation, slip lamp illumination and biomicroscopy 
(Shin Nippon, Rexxam Co., Ltd., Japan), direct and indirect 
ophthalmoscopy (HEINE Video Omega® 2C, Germany) to 
confirm that their eyes were healthy. 

ELECTRORETINOGRAPHY (ERG) EQUIPMENT

ERG device model BPM200 ERG / VER (RetinoGraphics, 
Inc., USA), with oscillation frequency range from 1 Hz to 65 
Hz, and intensity of light stimulation from -30 dB to +5 dB (0 
dB = 2.75 cd.s / m2) was used. The main components of the 
device were: manual light stimulus, reference and grounding 
needle electrodes (Natus Neurology Incorporated, USA) and 
an active electrode pattern ERG-Jet contact lens (Nicolet 
Biomedicals, USA). 

ELECTRORETINOGRAPHY (ERG) PROTOCOL

The procedure was performed in a darkened room, which 
was specially designed for the ERG examination. For pupil 
dilation were used 2 drops of phenylephrine hydrochloride 
(Mydfrin ®, S.A.Alcon, Belgium) on each eye 4 times over 
5 minutes. During the time for achieving mydriasis animal 
was prepared for anaesthesia. Premeditation was done 
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with subcutaneous injection of atropine sulfate (Atropin 
Sopharma®, Sopharma, Bulgaria) at 0.02 mg/kg. Ten minutes 
later metedomidine hydrochloride (Domitor®, Orion 
Corporation, Finland) was administered intramuscularly 
at 0.02 mg/kg. The induction of anaesthesia was performed 
with ketamine hydrochloride (Anaket®, Richter Pharma, 
Austria) at a dose of 10 mg/kg and diazepam (Diazepam 
Sopharma®, Sopharma, Bulgaria) at 0.5 mg/kg, administered 
intravenously. After endotracheal intubation, dogs were 
maintained with isoflurane (Forane®, Abbott Laboratories 
Limited, United Kingdom) at mean concentration 1.5 vol%. 

 
The ground electrode was placed on the external occipital 

protuberance. The reference electrode was placed 1 cm from 
the lateral eye angle. The active electrode, in the shape of 
a lens, was placed on the cornea. For a better contact with 
cornea and improvement of electrical conductivity 2 drops of 
physiological saline (Natrii chloridi 0.9%, Braun, Germany) 
were used. Before ERG recording, the impedance of the three 
electrodes was measured to ensure proper placement. The 
protocol used in the study was proposed by the European 
College of Veterinary Ophthalmology (ECVO) in 2002 [26] 
and updated in 2012 [7]. It contains 19 separate steps shown 
in Table I. The amplitudes and implicit times of the waves were 
generated automatically as the average of 4 measurements. 
The mean study duration was 33.38 minutes per eye. 

MEASUREMENTS OF THE ERG PARAMETERS

The coordinates of ERG display the height of the wave 
amplitude in μV and the time-to-peak duration from the 
moment of stimulation until the highest peak of the wave 

called implicit time, in ms. A-wave amplitude was measured 
from the base-line to the lowest (negative) point of the graph. 
The amplitude of the b-wave was measured from the lowest 
point (top of a-wave) to the next highest (positive) point on 
the graph. A- and b-waves implicit time (time-to-peak) was 
measured from the stimulus onset to the a-wave trough and 
b-wave peak, respectively [22, 23, 26]. Single rod response 
during dark adaptation and cone flicker response during 
light adaptation had only b-waves.

STATISTICAL ANALYSIS

Reference ranges of data from the respective tests were 
analyzed with Reference Value Advisor add-in for Microsoft 
Excel [11]. A Shapiro–Wilk test was performed to confirm 
or reject normal distribution for every measured parameter. 

In agreement with the American College of Veterinary 
Pathologists (ASVCP) guidelines for the determination 
of RIs in veterinary species [10], the statistical method 
recommended for sample sizes of 40–120 with non-Gaussian 
distribution (e.g. robust, with 90 percent confidence intervals 
for upper and lower limits) was used. When outliers were 
identified, reference ranges were computed again after their 
removal from the data sets.

Results

AMPLITUDES OF A- AND B-WAVES

The results regarding the amplitudes of the a- and b-waves 
are shown in Table II. B-wave in the single rod (SF) response 
during 20 minute of dark adaptation shows smooth rise from 

Test Function Light intensity (dB) Duration (sec)
1 Single rod response -25 dB 8 sec.
2 Dark adaptation 240 sec.
3 Single rod response -25 dB 8 sec.
4 Dark adaptation 240 sec.
5 Single rod response -25 dB 8 sec.
6 Dark adaptation 240 sec.
7 Single rod response -25 dB 8 sec.
8 Dark adaptation 240 sec.
9 Single rod response -25 dB 8 sec.
10 Dark adaptation 240 sec.
11 Single rod response -25 dB 8 sec.
12 Dark adaptation 2 sec.
13 Standard rod and cone 

response
0 dB 40 sec.

14 Dark adaptation 30 sec..
15 High intensity rod and 

cone response
+5 dB 80 sec.

16 Light adaptation 600 sec.
17 Single cone response 0 dB 8 sec.
18 Light adaptation 2 sec.
19 Cone flicker response 0 dB 30 Hz 8 sec.

Table I: ERG protocol, light intensity and duration of each test.
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an average value 35.5 ± 20.3 μV in 0 minute to 54.1 ± 22.7 
μV in 20 minutes for both eyes. B-wave in standard rod and 
cone response (Std. R&C) and high intensity rod and cone 
response (Hi. R&C) shows rise from 129.7 ± 53 μV in Std. 
R&C to 132 ± 53.7 μV in Hi. R&C. A-wave like b-wave shows 
rise from 67.5 ± 40.8 μV in Std. R&C to 93.2 ± 53.3 μV in Hi. 
R&C.

IMPLICIT TIMES OF A- AND B-WAVE

The results of the implicit time of the a- and b-waves are 
shown in Table III.

B-wave implicit time in the SF during 20 minute of dark 
adaptation shows a gradual increase of average values for 
both eyes 60.7 ± 16.6 ms in 0 minute to 63.7 ± 14.6 ms in 20 
minutes. B-wave in Std. R&C and Hi. R&C shows smooth 
decline from 34.8 ± 8.8 ms in Std. R&C to 33.3 ± 7.4 ms in 
Hi. R&C. Implicit time of a-wave in Std. R&C and Hi. R&C 
shows similar values of 14.3 ± 1.1 ms and 14.1 ± 1.4 ms, 
respectively.

Discussion

Electroretinography (ERG) is the most common 
technique used in the veterinary ophthalmology for 
evaluation of retinal function. Under the influence of light 
stimulus, spatially arranged cells of various types in the 
retina generate temporarily dependent electrical potentials, 
which are recorded as a graph with positive and negative 
deflections [6, 25]. The present method of performing ERGs 
is noninvasive, objective and supplying information of- the 
individual function of the different cell types of the retina 
[3]. Flash ERG (electroretinogram provoked by flashing 
stimulus) is now used for early diagnosis of congenital and 
acquired diseases of the retina [7, 8], before extraction of 
the lens in cataract or in the event of a sudden loss of vision 
without ophthalmoscopic abnormalities [24].

The main components of the ERG are:
1. A-wave, also called component PIII by Granit [12], 

is the first negative wave following stimulus. It shows the 
activity of photoreceptors (rods and cones) [33], and its 
duration is until last light stimulation.

2. The b-wave, a component that is also called PII [12], 
follows the a-wave, and shows the activity of the bipolar cells 
[29]. Amacrine retinal cells also participate in the formation 
of the b-wave. Their response is called oscillatory potential 
(OP) which is inserted into the ascending arm of the b-wave 
[35].

3. Waves c, d and i, also called components PI [12], are the 
next positive waves after b-wave  and shows the electric hyper 
polarization of retinal epithelial layer and Müller`s cells [7, 
8]. D wave positive peak in the graph after wave C indicates 
the exclusion of the central bipolar cells [36]. The i-wave  is 
the last positive peak of the graph. Its origin is unknown, but 
Kondo et al.  [18] believe that is a continuation of the d-wave, 
whereas according to Rosolen et al. [30], it is derived from 

cells of the optic nerve. In the veterinary ophthalmology  
wave , d and i are examined only under special conditions. 
We also did not present them in our study.

One major difference between dog and man is the need 
for general anesthesia to ensure complete immobility during 
the study, reduce stress and allow positioning and fixing 
of electrodes [1]. Every twitch, blink or contraction of the 
muscles of the eye can change the flow of electricity and 
lead to false results [2]. General anesthesia is required when 
using the presently shown protocol for ERG studies [7, 8]. 
The dose and type of anesthetics are important. High doses of 
anesthetic can markedly reduce retinal electrical activity, and 
thus its response to stimuli [21]. The goal of the study was to 
establish ERG protocol using an appropriate scheme with a 
negligible effect on the function of the retina. 

Various anesthetic agents may affect the results obtained 
in the ERG. Some studies show that halothane and sevoflurane 
strongly suppressed scotopic response in Beagle dogs, slightly 
lowered b-wave and strengthened oscillator potentials [37]. 
According to Tashiro et al. [34], volatile anesthetics such as 
methoxyflurane, enflurane and halothane reduced the a-wave 
amplitude and the first oscillatory potential, but generally 
had no noticeable effect on the ERG results [9]. On the other 
hand, the use of the combination ketamine/xylazine achieved 
a satisfactory immobilizing effect and provided stable ERG 
recordings [5, 17]. In addition, the combination of these two 
anaesthetics did not provoke ventral rotation of the eyeball 
and miosis [15] in Beagle dogs and Poodles, but they were 
observed in Labradors [16, 17]. In our study, metedomidine 
hydrochloride was used due to less side-effects [19]. 

Besides general anaesthesia it is possible to combine 
deep sedation with a local anesthetic agent. The recording 
of ERG in the dog can be thus facilitated, preventing the 
need for deeper anaesthesia. The action of local anaesthetics, 
however, is obtained by blocking Na+ channels, which can 
potentially affect the ERG, due to the fact that these channels 
are responsible for transmembrane signaling in the ganglion 
cells of the retina and bipolar cones [32], therefore  their 
block by local anaesthetics would have a significant impact 
on the conduction of nerve impulses. Because of these 
reasons in our research we choose a general anaesthesia 
with isoflurane. Moreover, this agent has many advantages 
for use in elderly animals, which have a weak tolerance to 
anaesthetics. Recovery from anaesthesia is reported to be 
quite short (about 5 min) compared to ketamine (30-40 min) 
and the ERG parameters who’d no visible differences to those 
obtained with ketamine [28].

Nowadays, the most commonly used protocol was 
proposed by Narfstrom et al. in 1995 [25] and the European 
College of Veterinary Ophthalmology (ECVO) in 2002 [26], 
and then updated in 2012 by Ekesten et al. [7]. It includes 
4 different tests: single rod response, standard rod and cone 
response, high intensity rod and cone response, single cone 
response, cone flicker response [26]. The use of different 
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Test n Median  
(Min-max)

Reference interval Lower 90% CI Upper 90% CI

SF dark  
0 min

a- wave none
b- wave 42 31.1 (7.4-88.9) 6.9-87.9 5.6-9.6 71.5-101.8

SF dark  
4 min

a- wave none
b- wave 45 47.1 (6.8-113.8) 6.8-103.2 3.6-12.5 90.2-117.1

SF dark  
8 min

a- wave none
b- wave 46 37.2 (8.9-142.1) 8.8-118.5 0-11.0 96.6-137.9

SF dark  
12 min

a- wave none
b- wave 43 50.0 (2.6-122.6) -3.2-105.2 -15.0-7.0 92.3-120.5

SF dark  
16 min

a- wave none
b- wave 51 48.9 (16.5-113.1) 14.7-108.6 12.1-18.8 96.3-123.9

SF dark  
20 min

a- wave none
b-wave 49 51.9 (13.2-116.0) 13.3-110.6 10.1-18.2 98.9-123.8

Std R & C a- wave 49 63.8 (3.6-125.4) 5.5-121.6 0.4-13.4 120.3-148.7
b- wave 52 116.0 (12.2-237.6) 22.9-236.5 9.4-40.1 225.8-280.0

Hi R & C a- wave 51 85.4 (6.8-252.2) 6.7-216.0 -2.7-18.4 187.3-248.8
b- wave 51 127.5 (29.6-276.8) 36.6-267.4 26.6-48.3 247.1-316.5

SF light a- wave 49 19.9 (1.4-73.3) 1.8-71.8 1.1-4.0 63.1-99.3
b- wave 49 27.8 (2.2-86.4) 2.6-85.6 1.7-5.6 79.9-119.3

Flicker 
response

a- wave none
b wave 49 25.7 (9.0-59.7) 9.5-59.7 8.0-12.2 53.5-72.9

Table II: Amplitudes of a- and b-wave from the different ERG tests in Bulgarian hound dogs. N indicates the number of retained data for each parameter. 
SF dark- single rod response, Std. R&C- standard rod and cone response, Hi R&C- high intensity rod and cone response, SF light - single cone response, Flicker 
response -cone flicker response.

Test n Median  
(Min-max)

Reference interval Lower 90% CI Upper 90% CI

SF dark  
0 min

a- wave none
b- wave 41 59.0 (46.5-71.0) 47.5-69.9 45.6-49.9 67.1-72.3

SF dark  
4 min

a- wave none
b- wave 42 60.5 (49.0-74.0) 49.5-71.3 46.9-52.1 69.2-73.3

SF dark  
8 min

a- wave none
b- wave 46 61.0 (45.0-74.0) 48.7-72.4 46.1-51.4 69.7-75.3

SF dark  
12 min

a- wave none
b- wave 44 61.0 (39.5-70.5) 44.6-70.1 37.1-49.4 68.2-71.7

SF dark  
16 min

a- wave none
b- wave 50 61.0 (50.5-86.5) 50.9-78.5 49.5-52.6 73.8-83.9

SF dark  
20 min

a- wave none
b- wave 48 60.5 (48.5-80.5) 50.0-75.9 48.2-51.9 72.7-80.1

Std R & C a- wave 50 14.5 (12.0-17.0) 12.2-16.8 11.8-12.6 16.2-17.3
b- wave 50 34.0 (24.5-52.0) 25.5-50.1 23.6-26.8 45.2-53.7

Hi R & C a- wave 51 14.0 (11.0-17.5) 11.3-17.0 10.8-11.9 16.4-17.6
b- wave 50 33.0 (22.5-48.0) 22.8-44.7 21.3-24.7 42.3-47.5

SF light a- wave 45 15.0 (12.0-19.5) 12.4-18.2 12.0-13.0 17.4-19.1
b- wave 44 30.5 (24.0-34.5) 24.1-34.5 20.7-25.4 34.0-35.4

Flicker 
response

a- wave none
b- wave 49 12.0 (5.0-18.5) 5.1-18.3 4.0-6.6 17.6-20.2

Table III: Implicit times of a- and b- wave from the different ERG tests in Bulgarian hound dogs. N indicates the number of retained data for each parameter; 
SF dark- single rod response, Std. R&C- standard rod and cone response, Hi R&C- high intensity rod and cone response, SF light - single cone response, Flicker 
response -cone flicker response.
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types of stimuli induced response of different cell types. This 
protocol was applied in our study.

These tests are included in the detailed protocol, used for 
the diagnosis of generalized hereditary retinal diseases. These 
diseases can be divided into two main groups: developmental 
diseases [dysplasia of the rods and cones 1,2,3 type (rcd-1,2,3); 
progressive retinal atrophy type A / photoreceptor dysplasia 
(pd / PRA type A)] and late degenerative / dystrophic diseases 
[dysplasia of cones and rods type 1-3 (crd 1-3), progressive 
degeneration of rods and cones (prcd), degeneration of 
rods and cones type 4 (rcd-4), X- linked progressive retinal 
atrophy (XLPRA) and early retinal degeneration (erd)]. 

It is also possible to use a so-called short protocol that 
was used before surgery to remove the lens in cataract [24]. 

In conclusion, the a- and b-wave parameters obtained in 
this study can be used as normal ERG values   for the Bulgarian 
hound breed of dog using the retinographic ERG unit. 
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