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Chronic ocular hypertension alters local retinal
responsiveness

Ron Ofri, WilliamW Dawson, Kimberly Foli, Kirk N Gelatt

Abstract
Electrophysiological responses of the retina
and visual cortex to a series of grating stimuli
(6-768 minutes of arc) were recorded in seven
sessions using normal beagles, 21 sessions
using beagles afflicted with inherited ocular
hypertension, and 12 sessions using rhesus
monkeys. A 150 field centred around the
animal's area centralis or fovea was used to
stimulate the central retina. A 30° field, centred
on the same spot, was then used to stimulate
the larger area. Two recording series were
completed on each animal, with both field sizes
presented in each recording session. The first
recording took place 30 minutes after and the
second 2 hours after the injection of thiamylal
sodium. Only the signals from the toroidal 150
of the retina of the hypertensive dogs were
remarkably larger during the second recording
(p=0001). No significant differences were
found between the two recordings from the
retinas of normal dogs or monkeys, nor were
there any significant differences between the
two recordings from above the cortex in any
group. Several hypotheses are proposed
to explain the basis for the interaction of
thiamylal with the more peripheral retinal
function in clinically glaucomatous dogs.
(BrJ Ophthalmol 1993; 77: 502-508)

Thiamylal sodium is the thiobarbiturate
analogue of secobarbitone. It is an ultra short
acting drug, commonly used for induction of
general anaesthesia for several short term
veterinary surgical procedures. In the dog the
drug is metabolised rapidly by the liver,' and has
no apparent cumulative effect.23 The duration of
anaesthesia in the dog is 10-45 minutes,2 with
complete recovery after 113 minutes.3 In mixed
breed dogs, disposition of thiamylal is character-
ised by a rapid distribution phase (half life 38-9
minutes) and an elimination phase with a half life
of 666 minutes.4 The total plasma clearance of
the drug in dogs is 3-21 ml/min/kg.4 During the
past 20 years, thiamylal has been frequently used
as an induction agent in studies of canine visual
electrophysiology.'7

It has long been known that barbiturates
influence the electrophysiological activity of the
retina. Small doses of barbiturates cause an
increase in the a- and b-wave amplitudes of the
electroretinogram (ERG) in the rat,8 the rabbit,9
the cat,'" and other species." Larger doses of the
drug, on the other hand, cause a decrease in the
b-wave amplitude.9" Numerous other anaes-
thetics also have varying degrees of effect on the
ERG.'2
Glaucoma is another factor which influences

retinal electrophysiology. Pattern ERG (PERG)

amplitudes decrease and peak latencies increase
in people suffering from ocular hypertension
(OHT) or glaucoma,'3 though these changes are
frequently dependent on the spatial frequency of
the stimulus used.'4 Similar changes have been
seen in other species, including non-human
primates'5 and cats'6 in which the intraocular
pressure (IOP) has been experimentally
elevated. Flash ERG recordings have also been
conducted on subjects suffering from OHT or
glaucoma, but the results are more controversial.
Some researchers report no changes in ERG
recordings in these subjects,'5 others report
changes in some of the ERG components,'7 while
still others report numerous abnormal para-
meters when recording from glaucomatous
patients. 18

Despite this wealth of information on the
multifactorial effect of anaesthetic drugs and
increased IOP on visual electrophysiology, we
find no information on the interactions between
anaesthesia and OHT in the glaucomatous
retina. This is surprising, considering the fact
that ERG recordings are used in many institu-
tions to diagnose and monitor the progress
of glaucoma in non-verbal patients such as
children, mentally handicapped people, and
animals.'9-22 They may be used to diagnose
glaucoma at early stages, before the appear-
ance of funduscopic changes and visual field
losses.'ll22 Frequently at this stage the visual
deficits are not entirely diffuse, with the greatest
losses in the more peripheral, paracentral regions
of the visual field. 19 21 23 We report on interactions
between thiamylal and different retinal regions
ofnormal and ocular hypertensive dogs.

Materials and methods

EXPERIMENTAL ANIMALS
Seventeen beagle dogs and seven rhesus
monkeys (Macaca mulatta) were used in the
study. Of the 17 dogs, 13 were hypertensive and
four were normal. Some ofthe animals were used
for more than one recording session. In such
cases, the minimum interval between the record-
ings was 6 months. Repeat recordings were done
using the same (left) eye. A total of21 recordings
were conducted using hypertensive dogs, seven
recordings were conducted on normal dogs, and
12 recordings were conducted using rhesus
monkeys. Statistical analysis of the results was
accordingly conducted using repeat measure
methods. The mean age ofthe dogs was 1-3 years
(range 0 5-3 years) for the dogs with OHT and
3-4 years (range 0 7-5 3 years) for the normal
dogs.
The hypertensive dogs used in this study are

part of a colony of beagles who are afflicted with
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OHT and other associated, progressive, ophthal-
mic disorders. These disorders are inherited as

an autosomal recessive trait,24 and matings of
affected dogs always result in affected offspring
(Gelatt, personal observations). These offspring
display histological anomalies of the lamina
cribrosa area and of optic nerve vasculature
before the appearance of any clinical signs of
optic nerve head disease.2526 By 6 to 12 months of
age, affected dogs typically display signs of early
disease, which include open iridocorneal angles,
elevated IOP, and decreased facility of conven-

tional aqueous outflow.27 Variable optic disc
cupping and focal disinsertion of lens zonules are
visible by age 13-30 months.27 Without treat-
ment the disease progresses and results in
secondary iridocorneal angle closure, lens
subluxation, buphthalmia, and eventual optic
atrophy.27 This disease has been presented as

inherited canine glaucoma over a number of
years.2F30 Normal control beagles were obtained
from other sources.

All experimental animals were clinically
normal, except for elevated IOP; therefore inclu-
sion in the study was based on IOP and genetic
background. Animals were examined ophthal-
moscopically before each recording session to
ensure that only those in the early stages of the
disease were used. Rare animals with signs of
severe ocular pathology, such as corneal oedema,
lens luxation, and visible retinal pathology were

excluded. IOP was measured on the morning of
the recording day using a portable applanation
tonometer (Oculab Tono-Pen 2).

ANAESTHESIA PROTOCOL

Dogs
A fresh solution of thiamylal was prepared on the
morning of each recording session. The solution
was 350 mg of thiamylal sodium powder (Bio-
Tal) dissolved in 10 ml of sterile water. Animals
used in experiments were deprived of food the
previous evening, but had unrestricted access to
water.

Animals were premedicated with 0-01 mg/kg
of glycopyrrolate intramuscularly, to reduce
secretion and stabilise cardiac function. The
animal was then catheterised and injected intra-
venously with 15 mg/kg thiamylal. The dog was

then intubated and muscles were relaxed by an

intravenous injection of 0-1 mg/kg pancuronium
bromide. A respirator, delivering a mixture of
25% oxygen and 75% nitrous oxide, was used to
ventilate the animal. Additional injections of
pancuronium were given when needed, approxi-
mately one injection every 45 minutes. Body
temperature and heart rate were monitored
throughout the experiment. End tidal carbon
dioxide levels were monitored and kept at a range
of4 4-4 7%.

Monkeys
The anaesthetic protocol used in monkeys was
similar to that of the dogs, with two differences:
(1) Before the premedication with glycopyrrolate
the animal was injected intramuscularly with
10 mg/kg ketamine for restraint. (2) The intra-

venous pancuronium dose for monkeys was
0 05 mg/kg, supplemented every 60 minutes.

ELECTROPHYSIOLOGY
The basis for electrical measurements has been
previously described.3' Briefly, the eyes were
dilated and the fundus was visualised through a
highly modified Zeiss fundus camera which was
fitted with a third optical channel. Through this
channel, eight computer generated video grating
patterns of progressively decreasing spatial fre-
quency (5-004 cycles per degree (cpd)) were
projected upon the fundus. The patterns were
vertical dark and light gratings with a 50% duty
cycle and 80% contrast. Gratings were reversed
in a square wave fashion 0 5 cycles (one grating
width) at 6 Hz. Mean luminance of the display
was 342 candelas/m'. The luminance of the
surrounding field was 0 3 log units higher than
the luminance of the light bar of the dark/light
grating pair, to suppress the effect of scattered
light, and the room was darkened. Visual control
was used to centre the image upon the area
centralis or fovea of the animal's left eye, and
present it in Maxwellian view. The stimulated
field was 300 in diameter.

Retinal signals were recorded using a corneal
contact lens electrode, with the reference
electrode placed at the lateral canthus. Cortical
signals were recorded using an electrode placed
over the primary visual area of the animal, with
the reference electrode placed at the base of the
ipsilateral ear. The ground electrode was placed
at the tip of the ear in dogs and over the midline
of the forehead in monkeys. Signals were ampli-
fied x 10 000 with a 0 3-300 Hz (3 dB) passband,
using the electronic equivalent of a six pole
Bessel filter. Signals were then digitised with 20
bit accuracy at a rate of 2 kHz. Since recordings
were conducted on animals whose muscles were
relaxed, artefact rejection was not used. A total
of 330 signals, time locked to the shifting of the
stimulus, were averaged by computer for each
grating pattern, and stored on magnetic disks for
later analysis.
The process was then repeated with seven

grating patterns (5-0-08 cpd), 150 in diameter,
centred on the same retinal location of the same
eye. Allowing time for stabilising the animal and
the placement of the electrodes, this first record-
ing session started approximately 30 minutes
after the injection of the thiamylal. A second
recording session was performed 2 hours after
the injection of thiamylal, under the same optical
conditions and using both stimulus fields.

Electrical signals produced by counterphasing
of light and dark grating bars were indicators of
the functional nature of the visual fields of the
retina as the retina and visual cortex responded
to the stimulation. The root mean square (RMS)
amplitudes for each grating were calculated off
line and provided an unbiased estimate of the
magnitude of the responses.32 RMS is a common
measure of signal voltage (or current) deviation
from zero. It is an unbiased measure which
considers the entire effective signal, independent
of wave form or offset voltage. RMS is directly
related to the standard deviation of the mean
voltage.33 Responses to the pattern with the

503
 on M

ay 19, 2023 by guest. P
rotected by copyright.

http://bjo.bm
j.com

/
B

r J O
phthalm

ol: first published as 10.1136/bjo.77.8.502 on 1 A
ugust 1993. D

ow
nloaded from

 

http://bjo.bmj.com/


Ofri, Dawson, Foli, Gelatu

highest spatial frequency were discarded due to
relatively low signal levels. The RMS of the
responses to the next highest spatial frequency
was multiplied by two to compensate for the
discarded response. The total RMS for each field
size was then calculated by summing the RMS
amplitudes of the responses to all seven (for the
150 field) or eight (for the 300 field) gratings.

RE-INJECTION EXPERIMENT
To confirm that the results presented here are
caused by the interaction of thiamylal with the
retina we devised a 're-injection' experiment.
This experiment was conducted on one typical
hypertensive beagle. After the two customary
recordings, taken 30 minutes and 2 hours after
the injection of thiamylal, we immediately re-
injected the dog with an identical dose of the
drug. Two additional recordings were then
carried out at the same intervals, under the same
conditions.

ANIMAL WELFARE
Use ofanimals and the procedures were approved
by the institutional animal care and use commit-
tee of the University of Florida. Except for vein
catheterisation and endotracheal intubation, no
invasive procedures were performed. Electrodes
were attached to the skin using EEG conductive
paste. Body temperature was maintained with a
hot water pad, and cardiac and EEG activities
were constantly monitored for signs of distress.
The animal's head was rested on the table, and
no ear bars or any other device were used to
maintain position. The animals were sedated
with nitrous oxide throughout the experiment,
and smooth recovery was ensured by use of

A 1st recording

30° field
Grating width
(min arc/phase)

atropine (0 01 mg/kg,
neostigmine (0- 1 mg/kg,
end of the recordings.

intravenously) and
intravenously) at the

Results

IOP MEASUREMENTS
The mean IOP measured in conscious dogs with
OHT was 26-4 mm Hg (SD 5 5) in the right eye
and 27-1 mm Hg (SD 6 6) in the left eye. The
mean IOP measured in awake normal dogs was
18 8 mm Hg (SD 1 1) right eye and 19 9 mm Hg
(SD 3- 1) left eye. The mean IOP measured in
rhesus monkeys sedated with ketamine was
15-3 mm Hg (SD 5 6) right eye and 15-4mm Hg
(SD 4 3) left eye.

ELECTROPHYSIOLOGY
Figure 1 displays the retinal signals recorded
from one typical hypertensive dog. The two left
columns display the signals recorded 30 minutes
after the injection of thiamylal (first recording)
while stimulating the central 300 and 150 of the
retina. The two columns on the right display the
signals recorded 2 hours after the injection of
thiamylal (second recording) while the same
retinal areas were being stimulated.

Figure 2 shows the average retinal and cortical
responses recorded in seven sessions, using
normal dogs. Responses are presented as the
total RMS of the signal recorded while stimulat-
ing with seven (for the 15° field) or eight (for the
300 field) grating patterns, averaged for the seven
recording sessions. Values recorded while stimu-
lating the central 300 and 150 of the retina are
presented. Results for the toroidal 15° of the
retina were calculated by subtracting the signals

B

15° field

2nd recording

30° field
Grating width
(min arc/phase)

150 field

12
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Figure I Retinal signals recordedfrom one hypertensive beagle while stimulating variousfields ofthe retina. Stimulus was a

series ofseven or eightgrating patterns having spatialfrequencies of5-0 04 cpd (orgrating width of6-768 minutes ofarc/phase,
respectively, where one phase= 112 cycle). The dogwas 2years old at the time ofthe recording with no clinically detectable ocular
pathology. IOP was 23-0 mm Hg(SD 1 9) left eye and 22-9 mm Hg(SD 2-0) right eye. The two columns on the left display
signals recorded 30 minutes after the injection ofthiamylal sodium (A, first recording) while the central 30° and central 15° ofthe
retina were stimulated. The two columns on the right display signals recorded 2 hours after the injection (B, second recording)
while stimulating the samefields. The small noise signal seen best at high spatialfrequencies is an intermittent artefact ofthe video
signal, which is occasionally transmitted into signal channels.
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Figure 2 Responses recorded in seven sessions using normal beagles while stimulating van
fields ofthe retina. Stimulus was a series ofeight grating patterns having spatialfrequencies
5-0 04 cpd, centred on the animal's area centralis. Stimulusfields 30° and 15° in diameter z
used. Responses are presented as the total root mean square (RMS) ofthe signals recorded w
stimulating with the eight patterns, averagedfor the seven recording sessions. Responses of
toroidal 15° were calculated by subtracting the responses recorded while stimulating the 15°j
from those recorded while stimulating the 30°field. Thefirst response was recorded 30 minu
and the second response 2 hours, after the injection of thiamylal sodium. Y axis: the total
mean square ofthe signals recorded while stimulating with eight grating patterns, averaged
the seven dogs. (A) Retinal responses recorded using a corneal electrode. (B) Cortical respoi
recorded using a skin electrode placed over the primary visual area.

recorded while stimulating the central 150 fi
those recorded while stimulating the central
of the retina. Using Student's t test for pai
samples, no significant differences were foi
between the first and second recordings at eit
site. Comparison of the first and second recc
ings from the retina yielded a p value of a
when the central 300 were stimulated, p=a
for stimulation of the toroidal 15°, and p=a
for stimulation ofthe central 15°. p Values for
first and second cortical recordings were 0
0 47, and 0 83, respectively.

Figure 3 shows the average retinal and cort
Figure 3 Responses responses recorded in 21 sessions, using hyr
recorded in 21 sessions tensive dogs. Retinal signals from the 300 reti
using hypertensive beagles.
Othenvise, as in Figure 2.

field and the toroidal 150 retinal field in the
second recording session were significantly
higher (p=0-001 in both cases) than those
recorded in the first recording session (Fig 3A).
No significant differences were found between
the first and second recordings from the central
15° of the retina (p= 0 - 19) or at any of the cortical
sites (p values of 0-23, 0-28, and 0-42, respect-
ively). A further comparison between the results
obtained from normal and hypertensive dogs
shows that, during the second recording session,
signals from the toroidal 150 retinal field ofOHT
dogs were significantly (p=0-001) larger than the
corresponding values in normal dogs.
Twelve recording sessions were conducted

using rhesus monkeys (data not presented).
Student's t test revealed no significant differ-
ences between the first and second recordings at
any of the retinal or cortical sites in monkeys
(p>0 08).

Because of uncertainty about normalcy of the
data distribution, a Wilcoxon non-parametric

lof matched pairs test was also conducted on all of
were the data collected. Results of this test were
hile similar to those obtained in the t test.

Table 1 summarises the number of animals in
tes, which the second signal recorded from the
root various sites was larger than the first signal. A X2
for test for association was conducted on the results
nses presented in this table. Retinal recordings in

glaucomatous dogs was the only category in
which a significant (p<001) number of animals

com had a significant increase in the second signal300 recorded. In all other categories, the number ofired animals with an increased second signal was
rnd insignificant (p>005).

)rd-
lY89
) 87 RECOVERY FROM ANAESTHESIA

The average length of time required by three
)tl17 dogs to regain their righting reflex after a single
39e intravenous injection of 15 mg/kg thiamylal was

16 minutes (range 10-20 minutes). This result is
ical consistent with previously published reports on

Nr-
the effect of thiamylal in dogs,2 and is much

ier- shorter than the duration of the thiamylal related
inal hyperresponsiveness of the peripheral retina of

hypertensive dogs.
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RE-INJECTION EXPERIMENT
Thiamylal was injected (in the absence of other
manipulation) a second time in one typical
hypertensive beagle. The effect of the second
injection of the responsiveness of the central and
peripheral retina is presented in Table 2.

Discussion
The dogs used in this study are part of a unique
colony of beagles housed in the University of
Florida. Dogs in this colony are afflicted with a
hereditary ophthalmic syndrome which is trans-
mitted as an autosomal recessive trait.24 Matings
of affected dogs always result in affected off-
spring, while matings of affected dogs with
carriers yield affected dogs in 50% of the cases

(Gelatt, personal observations). Early clinical
signs of the disorder, diagnosed at age 6-12
months, include elevated IOP and reduced
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Table I Increase in recorded signal

Animal group

Size ofstimulated Normal Hypertensive
Source field (degrees) dogs dogs

Retina 30 4/7 20/21
Central 15 2/7 10/21
Toroidal 15 5/7 18/21

Cortex 30 4/7 12/21
Central 15 3/7 10/21
Toroidal 15 4/7 14/21

Number of animals in which the second signal recorded at the
various sites was larger than the first signal recorded at the same
sites, using the same stimulus and optics. For example, retinal
recordings conducted on normal dogs while stimulating with a 30'
field yielded four cases (in seven sessions) in which the second
signal was larger than the first one; in hypertensive dogs, under the
same condition, 20 of 21 dogs had a larger second signal. The first
signal was recorded 30 minutes, and the second signal 2 hours,
after the injection of thiamylal sodium.

Table 2 Results ofre-injection experiment*

Retinalfield

Central Central Toroidal
30' 15 15°

30 minutes after first injection 1041 914 127
2 hours after first injection 5281 1168 4113

30 minutes after second injection 1784 1281 503
2 hours after second injection 3441 1505 1936

*Total RMS voltage (nV) of the signals recorded, using all six
patterns, from one ocular hypertensive dog. After the second
recording the dog was reinjected with thiamylal, to verify the
drug's effect on the signal.

outflow facility, though the iridocorneal angle
remains open.27 Rapid axoplasmic transport is
also reduced at this stage.9 At 13-30 months of
age, defined as the moderate stages of the
untreated syndrome, focal disinsertion of lens
zonules and variable disc cupping occurs.27 In
the advanced stages of the disease the angle
progressively narrows and lens luxation and
buphthalmia occur.27 Small retinal vessels
disappear, the optic disc undergoes atrophy,
and the end result is buphthalmia or phthisis
bulbi,27 though this can be prevented by treat-
ment.28 Optic nerve changes are often not clinic-
ally detectable until the moderate stages of
the disease. Histological changes are found
earlier. Histologically, optic nerve changes are
characterised by swelling and demyelination of
optic nerve fibres, by hypertrophy of glial cells,
and reduction in the overall number of ganglion
cells.29 This damage is not entirely diffuse, but is
preferential to certain regions of the optic nerve
and to large diameter axons.30 At earlier stages of
the disorder, when the fundus appears normal,
mechanical distortions of the anterior lamina
cribrosa26 and changes in optic nerve capillaries25
have been found. It should be remembered that
the hypertensive dogs in this study were only in
the early stages of the disease, and that dogs with
visible ocular or funduscopic pathology were not
used. It is generally accepted that dogs in this
colony are predictably afflicted with progressive,
inherited primary open angle glaucoma.243
The remarkable finding of this study is the fact

that after the injection of thiamylal there is
a large, delayed, regional change in retinal
responsiveness only in hypertensive dogs. The
signals produced by the retinas of OHT dogs
injected with thiamylal nearly doubled with time
(p=0-001). When these results are analysed
closely, it is revealed that the source of the

increase is in the peripheral, toroidal 150 of the
retina (Fig 3A). There is no significant difference
in the signals produced by the central 150 of the
retina (p=0 19), nor in any of the visual cortex
recordings (p>023) (Fig 3B). An example of
this is shown in Table 2, which displays the
results from one typical ocular hypertensive
dog, where the regional gain is x30. Further-
more, when comparing Figures 2A and 3A, one
can see that the signal recorded from the more
peripheral, toroidal 150 of the retina of dogs with
OHT during the second session was larger than
the corresponding signal recorded in normal
dogs. In normal dogs, no significant difference
was found between the first and second signal
recorded from either the retina (p>O- 17) or
cortex (p>039) (Fig 2). It would seem that
thiamylal, its consequences, or its breakdown
products have no lingering effect on the visual
system of normal dogs. This finding was
repeated with another control group of rhesus
monkeys, thus indicating that the absence of a
thiamylal effect in normal eyes is not restricted to
one species.

Table 2 indicates that these findings are indeed
due to the injection of thiamylal. Re-injecting a
hypertensive dog with thiamylal caused a 66%
drop in the signal recorded from the central 300
of the retina. The signal recorded from the
toroidal 150 fell by 88% before rising again, while
the central 150 of the retina was hardly affected.
We are not aware of any study that shows a
selective effect of thiamylal on OHT patients.
While it is conceivable that our findings are a
result of another, undetected and unrelated,
ocular disorder in the OHT group, we have
found no evidence to support such a theory. We
believe that our results support the hypothesis
that the effect of thiamylal on the toroidal retina
of our experimental group is a consequence of
OHT. It should be noted that the increase in the
recorded signal is not equally distributed in all of
the spatial frequencies used, but, rather, is
preferential to low spatial frequencies of the
stimulus. However, the spatial frequency
dependence of the phenomenon is a complex
topic which cannot be fully discussed in one
paper, and is therefore presented elsewhere.34
Our findings raise three major questions.

Firstly, why is the retinal reaction of glauco-
matous dogs to thiamylal, or to its consequences
or products, different from that of normal dogs?
Secondly, why is the drug's effect seen only in
the more peripheral retina of the glaucomatous
dogs, and not in their central retina or their
cortex? Finally, why is the alteration in peri-
pheral retinal sensitivity delayed?

It has already been established that human
glaucoma causes both diffuse and preferential
loss of optic nerve fibres.35 The arcuate fibres of
the human optic nerve are more susceptible to
the effects ofincreased IOP, and their loss results
in contraction of the peripheral isoptre and in
arcuate scotomas.35 Recent research shows that
in beagles with primary open angle glaucoma
there is preferential loss of large diameter nerve
axons,. just as in humans.? More specifically, it
is large axons in the central region of the optic
nerve that are most susceptible to damage.30 Our
results also suggest that in the dog, just as in the
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human, the damage caused by glaucoma is not
entirely diffuse, but may be preferential to certain
sectors of the retina and the optic nerve. This
may explain why no significant differences were
detected between the two recordings from the
visual cortex. In humans and other species with
cortical magnification of the primary visual area,
responses recorded from the visual cortex
originate mainly in the central retina.37
The two theories most widely used to explain

the basis for preferential loss of axons in human
glaucoma are the mechanical damage theory and
the ischaemia theory.35 According to the mech-
anical damage theory, the increased pressure
causes mechanical damage to the nerve fibres,
especially in the lamina cribrosa region; the
preferential damage is caused by differences in
the size and configuration of the openings in the
lamina. According to the ischaemia theory, the
increased IOP causes ischaemia, which in turn
leads to degeneration of the nerve fibres. Pre-
ferential loss of fibres is a result of differences in
the anatomy of the blood supply to different
regions of the nerve.

Either of these theories can explain the time
course of the effect of thiamylal on the function
of the toroidal 15° of the retina in glaucomatous
dogs. If the increased IOP causes inner retinal
ischaemia, one may speculate that these neurons
and their control nets are affected by the drug or
its breakdown products long after its injection.
The delayed alteration of retinal sensitivity could
be the result of either slower build up of the
thiamylal, lower overall metabolism rate,
reduced clearance, and/or slow accumulation of
drug byproducts by the damaged neurons. It
should be noted that ultrastructural changes in
laminar optic nerve capillaries, including the
presence of Weibel-Palade-like bodies, have
indeed been reported in glaucomatous beagles,25
supporting a local perfusion disorder.
The ischaemia theory can also explain why the

signals from the peripheral, toroidal 150 of the
retina of glaucomatous beagles 2 hours after the
injection of thiamylal were larger than the corres-
ponding signals in normal dogs. It has been
suggested that other barbiturates, such as pento-
barbitone, cause an increase in certain compo-
nents of the ERG by suppressing the inhibitory
influence of neurons in the inner plexiform
layer."I It is reasonable that thiamylal, or its
byproducts, may interact with the retina in a
similar manner. Therefore, if increased IOP
chronically reduces local circulation, delaying
the onset of the drug's suppressive effect on the
lateral inhibitory units, the result could be a
delayed, larger signal in glaucomatous dogs, and
perhaps an early, unrecorded, large signal in
normal dogs. This explanation is supported by
the fact that glaucomatous dogs in this study
were in the very early stages of the disease. Their
retinal and cortical signals show no apparent
visual deficits or large scale optic nerve damage
when compared with clinically normal dogs (Fig
3). The delayed 'enhancement' phenomenon
may result from preglaucomatous pathological
changes in the eyes of dogs from this colony:
namely, either microcirculation changes and/or
mechanical distortions in the optic nerve
region."26

The mechanical damage theory explains
delayed enhancement in a similar way. Accord-
ing to this theory, more of the fibres conducting
the signal from the peripheral retina are
damaged. It is known that mechanical distor-
tions of the anterior lamina cribrosa area exist in
dogs from this colony.26 Furthermore, it is
known that the remaining fibres have different
morphology'm; it is possible that they may also
have a different sensitivity to thiamylal or its
products. This explanation hints at the possi-
bility that the peripheral and central retina of the
dog has different populations of ganglion cells.
Such distinct populations have already been
discovered in humans38 and in the cat.39

In conclusion, these results indicate that
glaucoma exerts a different, multifactorial,
effect on the central and the more peripheral
retina ofglaucomatous dogs. Furthermore, these
changes are very large and may be detected at
very early stages of the disease, before the
appearance of clinical abnormalities. Present
explanations of these findings are not fully
satisfactory and require more research.
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