Chromatic pupillary light
reflex and its application in
small animal ophthalmology

> Abstract

The recent discovery of the existence in the retina of a third group of photosensitive
cells, other than cones and rods, which have the capacity of stimulating the pupillary
Liapis LK. light reflex, has changed our knowledge of how the iris reacts to different wavelengths of
light and introduced the concept of chromatic pupillary light reflex in eye examination.
This is a test whereby the pupillary response is stimulated not by monochromatic
white light, but successively by red and blue light, allowing the selective stimulation
of photoreceptors. The chromatic pupillary light reflex is particularly useful in the
diagnosis of sudden acquired retinal degeneration, progressive retinal atrophy,
chorioretinopathies, retinal detachment, glaucoma, disorders of the optic nerve and
optic chiasm and certain brain diseases that cause blindness.

L S g S S ) W T S N N e S e g e N e S

> Pupillary light reflex: existing knowledge

According to the classical anatomical description, the retina has two types of
photoreceptors': rods, which are more numerous and responsible for dim-light vision,
and cones, which function in daylight and are responsible for recognising colours.?
Rods contain the photosensitive pigment rhodopsin that presents maximal sensitivity
at 508nm (blue/green spectrum). The canine retina has two types of cones containing
the photosensitive pigment opsin. The first type presents maximal sensitivity at 555nm
(L/M opsin - green spectrum) and the second at 430nm (S opsin - violet spectrum).2#>

Cones and rods transduce light energy into an electrical signal that is transmitted to
the ganglion cells of the retina through the bipolar cells. Two other cell types in the
retina, the horizontal and amacrine cells, are involved in the processing of the impulse
transmitted from the photoreceptors to the retinal ganglion cells (RGCs). Axons of the
RGCs constitute the optic nerve fibres (Figure 1). The optic nerve fibres, after decussating
at the optic chiasm, form the optic tract and are then divided into two bundles. The
majority (80-90%) of RGC axons, which serve the function of vision, synapse in the lateral
geniculate nucleus (LGN). The axons of the LGN cells (optic radiation) end in the posterior
Ignatios Liapis, 31 Al.Panagouli street, 15343, occipital lobe of the cortex, the visual cortex. A smaller subset (10-20%) of RGC axons,
e which serves the pupillary light reflex (PLR), synapse in the pretectal nucleus from which
liapis@plakentia.gr there are neural connections with the ipsilateral and contralateral parasympathetic
Tel.: 2106082308-9 oculomotor nucleus (PON) providing afferent input to the PLR?® (Figure 2).
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PLR concerns the contraction of the sphincter muscle of the iris and constriction of the
pupil following light stimulation of the eye. PLR is considered normal when it is rapid,
complete (pupil diameter 5 mm) and stable. However, the assessment of PLR should
take into account certain factors that cause mydriasis and affect it, such as the animal’s

» Chromatic pupillary light reflex ’ - - - ; S .
. Dog stress during examination, iris atrophy in some older animals and administration of

- Optic nerve certain drugs.” Direct PLR concerns miosis induced after stimulation of the ipsilateral
+ Retina eye, while indirect PLR miosis induced after stimulation of the contralateral eye.
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Figure 1. Schematic representation of the retinal
cells. Light reaches photoreceptors that convert it
into an electrical signal. Through the bipolar cells,
this impulse is transmitted to the ganglion cells of
the retina, the axons of which converge at the optic
disc to form the optic nerve. The signal transmitted
by the photoreceptors to the ganglion cells is
processed by the horizontal and amacrine cells.

PLRis controlled by the autonomic parasympathetic
system and its assessment is an integral part of the
ophthalmic and neurological examination. PLR
examination uses a focal monochromatic white
light source, in order to test the integrity of the
reflex arc, i.e. the retina, optic nerve, optic chiasm,
optic tract, pretectal nucleus, PON, preganglionic
parasympathetic fibres of the oculomotor nerve,
ophthalmic ganglion, and short ciliary nerves
(Figure 2). PLR does not test visual function. Thus,
depending on the location of the lesion, there are
some cases where loss of PLR may be accompanied
by loss of vision, and others of blind animals
presenting normal PLR®™" (Figures 3-5).

It has been observed that some patients suffering
from blindness due to certain retinal diseases
present positive PLR (though delayed and/or
incomplete and unstable in most cases). Until
recently, this was attributed to the small number
of retinal photoreceptors that remain functional
and are able to stimulate PLR. Traditionally, white
light sources are used for evaluation of PLR. As
PLR observation is used in assessing diseases that
can affect the retina, optic nerve and anterior
visual pathways, the presence of afferent deficits
after white light stimulation does not differentiate
whether problems are present in the retina or at the
level of the optic nerve and/or brain.'?
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Figure 2. Schematic representation of the PLR (Modified from
Petersen-Jones SM. Neuro-ophthalmology. In Petersen-Jones
SM, Crispin SM, ed. Manual of small animal ophthalmology,
Gloucestershire: BSAVA, 1993).

> Latest data: melanopsin and
intrinsically photosensitive
retinal ganglion cells

In 1923, Clyde Keeler observed that members of a
colony of genetically modified mice, whose retina
lacked cones and rods, presented normal PLR.
In 1927, his research led to the conclusion that
besides cones and rods, there is a third group of
photoreceptors in the retina - most likely certain
ganglion cells - capable of stimulating PLR.”?
Unfortunately, Keeler's discovery was not accepted
by the scientific community. Research in this
direction was interrupted and was to continue

Figure 3. Schematic representation
of visual and PLR disturbances
depending on the localisation of the
neurological damage. Where damage
is located from the retina to the optic
tract, before the bifurcation of the
nerve fibres to the lateral geniculate
nucleus and the pretectal nucleus, we
observe a disturbance in both vision
and PLR (Modified from Petersen-
Jones SM. Neuro-ophthalmology.

In Petersen-Jones SM, Crispin

SM, ed. Manual of small animal
ophthalmology, Gloucestershire:
BSAVA, 1993).
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Figure 4. Schematic representation of visual and
PLR disturbances depending on the localisation of
neurological damage. Where damage is located from
the bifurcation of the optic nerve fibres to the lateral
geniculate nucleus and the visual cortex centre in
the posterior occipital lobe of the brain, we observe
a disturbance in vision without PLR disturbance
(Modified from Petersen-Jones SM. Neuro-
ophthalmology. In Petersen-Jones SM, Crispin

SM, ed. Manual of small animal ophthalmology,
Gloucestershire: BSAVA, 1993).

much later in the 1990s, eventually leading to
the discovery in the early 2000s of the existence
of a new photopigment and a third group of
photoreceptors in the retina. We now know that
in addition to rhodopsin and opsin, the retina also
has another photosensitive pigment, melanopsin,
which exhibits maximal sensitivity at 480nm (blue
spectrum).''® Melanopsin is contained in certain
RGCs, called intrinsically photosensitive retinal
ganglion cells (ipRGCs).'*"2?" These cells represent
1-3% of all RGCs and owe their name to their
capacity for being stimulated by light, irrespective
of the stimulation of classic photoreceptors (rods
and cones). The neural connections of these cells
are of particular interest. The axons of ipRGCs do
not synapse in the LGN but in the suprachiasmatic
nucleus of the hypothalamus, pineal gland and PON
(Figure 6). Consequently, ipRGCs do not participate
in the visual function, but in the functions of the
circadian rhythm, of the sleep/wake pattern and
finally in PLR and the photopic blink response.?>?

> Chromatic pupillary light reflex

Examining the spectral properties of photosensitive
pigments in the canine retina, we observe that the
use of bright light, at a wavelength of 630nm (red
spectrum), stimulates only the rods and cone types
containing L/M opsin. The use of bright light at a
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Figure 5. Schematic representation of visual and
PLR disturbances depending on the localisation

of the neurological damage. Where damage is
located from the pretectal nucleus up to the short
ciliary nerves, we observe PLR disturbance without
impaired vision. This condition is described as
ophthalmoplegia (Modified from Petersen-Jones
SM. Neuro-ophthalmology. In Petersen-Jones

SM, Crispin SM, ed. Manual of small animal
ophthalmology, Gloucestershire:BSAVA,1993).

Figure 6. Schematic representation of the
synapses of the axons of the retinal ganglion cells
that constitute the optic nerve. The majority of
axons from classic ganglion cells (red in the figure)
synapse in the lateral geniculate nucleus and serve
vision. A smaller subset of axons from classic
ganglion cells (blue in the figure) synapses in the
pretectal nucleus and serve PLR. Of the axons of
intrinsically photosensitive retinal ganglion cells,
one part (brown in the figure) synapses in the
hypothalamus and is involved in the functioning
of the circadian rhythm, and another part (green
in the figure) synapses in the pretectal nucleus and
serves PLR. (Modified from Miller’s anatomy of the
dog. H.E Evans (ed), 3rd ed,W.B.Saunders co. 1993
Philadelphia).
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Figure 7. The use of the spectral properties of
retinal photopigments for the selective stimulation
of photoreceptor types. S- and L/M-opsin,
contained in cones, exhibits maximal spectral
sensitivity at 430nm and 555nm respectively.
Rhodopsin, contained in rods, exhibits maximal
spectral sensitivity at 508nm. Melanopsin, contained
in ipRGCs, exhibits maximal spectral sensitivity

at 480nm, and no activation under light with a
wavelength higher than 600nm. Retinal stimulation
by 200kcd/m? bright light with a wavelength of
480nm (blue light), activates melanopsin (ipRGCs),
rhodopsin (rods), S-opsin and, to a minimal extent,
L/M opsin (cones). Retinal stimulation by 200kcd/m?
bright light with a wavelength of 630nm (red light),
activates only rhodopsin (rods), S-opsin and L/M
opsin (cones).

wavelength of 480nm (blue spectrum) stimulates
the cones, rods and ipRGCs?**° (Figure 7).

The clinical application of these recent discoveries
allows the isolation and examination of the outer
retinal pathway (cones and rods) separately from
the inner retinal pathway (ganglion cells) and
optic nerve (Figure 7). This is achieved by a PLR
test using red and blue light sequentially,®' termed
as a chromatic pupillary light reflex (cPLR) test. In
practice, a negative cPLR when evaluated with red
light in the 630nm wavelength spectrum, along
with a positive cPLR when evaluated with blue

Figure 8. Devices used
for cPLR test. Up: Fixed
Melan-100 device (Biomed
Vision Technologies).
Below: Portable Iris-Vet
device (Biomed Vision
Technologies).

light in the 480nm wavelength spectrum, indicates
a condition of the outer retinal layer. A negative
cPLR in both wavelengths indicates damage in all
layers of the retina and/or the optic nerve.'****! The
cPLR assessment criteria are the same as those that
apply for the assessment of PLR. For the reflex to be
considered positive, it should be rapid, complete
and continuous.

> The application of the cPLR test
in clinical practice

In clinical practice, cPLR is evaluated using light
source devices that emit 200 Kcd/m? white, red and
blue light beams.'>* (Figure 8). The test is simple,
quick and concerns the assessment of PLR using
beams in these three colours sequentially, in a
low-light environment. Today, it is usually included
in specialised complete ophthalmic examination.
cPLR is an extremely reliable reflex that can provide
small animal clinical ophthalmologists with valuable
information. It facilitates the clinical differential
diagnosis of sudden acquired retinal degeneration,
progressive  retinal  degeneration, immune-
mediated retinopathies, chorioretinopathies, retinal
detachment, glaucoma, optic neuritis, meningitis,
tumours of the optic chiasm and pituitary gland
and visual cortex disorders.'22%30

1. In sudden acquired retinal degeneration
syndrome (SARDS), where necrosis of cones and
rods is sudden and complete, the iris remains
fully dilated under red light while it contracts
normally under blue light (Figure 9).

2. Inthe category of diseases described under the
general heading Progressive Retinal Atrophy
(PRA), where necrosis of cones and rods is
progressive, cPLR may be reduced or absent
under red light and normal under blue light in
the early stages of the disease. With progression
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Figure 9. The cPLR test in SARDS (sudden
acquired retinal degeneration syndrome). In the
figure, the affected area is indicated by the grey
band.
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Figure 10. The cPLR
test in progressive retinal
atrophy (PRA). In the
figure, the affected area
is indicated by the grey
band. In early stages of
the disease, cPLR may
be incomplete and/or
unstable under red light
and normal under blue
light. As the disease
progresses, the reflex
becomes completely
negative under red light
and reduced under blue
light.
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of the disease, disturbances are also presented
upon stimulation with blue light, so the reflex
may be delayed and incomplete (Figure 10).
A most common clinical problem in canine
ophthalmology concerns the diagnosis of
progressive retinal atrophy in animals suffering
from cataract, which impedes fundoscopy
and evaluation of the retinal condition. The
diagnosis of progressive retinal atrophy in these
animals is critical in order to avoid unnecessary
surgery. Up until now, the preoperative control
of retinal function required electroretinography.
Nowadays, cPLR, which is unaffected by the
presence of cataract, is considered a fast,
reliable and inexpensive diagnostic test that
does not require general anaesthesia.'** (Figure
11). Thus, in some cases, it can complement or
replace electroretinography. In patients with a
clearly positive cPLR test, electroretinography
is not necessary. In those whose cPLR
test is not clearly positive, fundoscopy is

Figure 11. Use of the cPLR test
in a 7-year-old Poodle suffering
from cataract and progressive
retinal atrophy. a. Iris does not
react after stimulation with red
light. b. After stimulation with
blue light, the iris reacts, but not
fully, indicating the advanced
atrophy of the retina.
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Figure 12. cPLR test in chorioretinopathies and
retinal detachment. In the figure, the affected area is
indicated by the grey band. In these conditions, the
initially affected cells are photoreceptors, because
of their nutritional dependence from the choroid
and the pigment epithelium. Thus, in early stages,
we observe disturbances in cPLR, which is slow,
incomplete and unstable, mainly under red light
while it is normal under blue light. Later on, the
reflex is absent under red light while disturbances
also appear upon stimulation with blue light.

impossible and/or concomitant ocular disease
is suspected, preoperative testing should
include  electroretinography and  ocular

ultrasonography.
In immune-mediated retinopathies, where the

Figure 13. cPLR test in a 9-year-old Spitz suffering
from retinal detachment and incipient cataract.

a. After stimulation with red light, the iris reacts
poorly. b. After stimulation with blue light, the iris
reacts, but not fully. At this stage, and if the damage
is corrected, vision can be restored to some degree.
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Figure 14. cPLR test in optic nerve conditions. In
the figure, the affected area is indicated by the grey
band. The reflex is absent under red and blue light.

proportion of cones and rods affected varies by
case, cPLR is often incomplete and/or unstable
under red light and normal under blue light.

4. In chorioretinopathies due to various causes,
and in retinal detachment where both the
outer (cones and rods) and the inner (ganglion
cells) retinal layers are affected. In these cases,
cPLRis incomplete and/or unstable under both
colours, with slightly better results under blue
light due to the increased sensitivity of cones
and rods compared to ganglion cells. In the
initial stages of these diseases, cPLR may be
normal under blue light*° (Figures 12 and 13).

5. In all diseases involving the optic nerve and/
or optic chiasm (glaucoma, optic neuritis,
meningitis and tumours of the optic chiasm
and pituitary gland), cPLR is negative under
both red and blue light* (Figures 14 and 15).

6. Finally, in diseases of the visual cortex, cPLR
is positive under both red and blue light
stimulation.

> Conclusion

cPLR is a new diagnostic technique in small animal
ophthalmology, which is particularly effective in
the differentiation and diagnosis of retinal and
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