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For more than 100 years, 
the model of vision was based on 
2 types of photoreceptors:

 rods

 cones

Cajal ~1880
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Recent evidence for a 3rd type of pathway :

◼ Visual responses found in rodents without rods and cones 
(Bonaventure & al, 1961)

◼ Discovery of melanopsin, a novel photo pigment 
(Provencio & al, 1998)

◼ Pigment present in some rodent ganglion cells
(Berson & al, 2002)

◼ Pigment present in some primate ganglion cells
(Dacey & al, 2005)

➔ Intrinsically photosensitive retinal ganglion cells (ipRGCs)
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Berson, 2003

Cones and rods connect to bipolar cells

ipRGCs connect directly to the brain

▪ Cones: green

▪ Rods: blue  

▪ ipRGCs: red



3 pathways of vision

Jacques Charlier - © 2019 Metrovision -

- Pupillometry                    -

Adapted from Berson, 2003

Cones and rods generate a fast 
hyperpolarization

ipRGCs generate very delayed
action potentials 
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Rods Cones ipRGCs

Light 
response

Fast hyper-
polarization

Fast hyper-
polarization

Slow de-
polarization

Photo 
pigment

Rhodopsin Cone opsin Melanopsin

Action 
potential

No No Yes

Receptive 
field

Very small Very small Very large

3 pathways of vision
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ipRGCs not only respond directly to light
but also receive input from rods and cones
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Berson, 2003

ipRGCs: function

❑ Control of pupil size

❑ control of circadian rhythm
through inhibition of 
secretion of melatonin
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Rods Cones ipRGCs

Number 120 million 7 million 3000

Sensitivity high medium low

Time response slow fast Very slow

Spectral 
response

lower for red 
light

lower for blue 
light

Maximum for 
blue ~482 nm

Saturation low high ?

Recovery time long short ?

3 pathways of vision
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3 pathways of vision

Responsivity scaled 
to best fit

S-cones
ipRGCs

Rods
M-cones
L-cones



Red 

619 nm

Green 

525 nmBlue 

465 nm

Violet 

414 nm

Deep Red 

660 nm

• ultra bright LEDs with 5 wavelengths 
for background and for flash stimulus

stimulator
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• PIPR>20 seconds to recover baseline after 1 second stimulation
with blue stimulus ONLY

• PIPR is intrinsic to melanopsin-containing ipRGCs  (Gamlin et al., 2007).

stimulator

• post illumination pupil response (PIPR)

• response to red (619nm) • response to blue (465nm)
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• follow-up of patients with retinal dystrophies

Clinical applications
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Flat ERG except small response with 30Hz flicker 

Pupillary response 

to white flashes

Visual field

with central island of vision

• follow-up of patients with extinguished ERG (RP)

Clinical applications



Jacques Charlier - © 2019 Metrovision -

- Pupillometry                    -

• glaucoma

Clinical applications
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• sleep disorders and glaucoma

Clinical applications
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• seasonal disorders

Clinical applications


