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h_e Visual Pathway

Pathway extends from the
‘front to the ‘back’ of the

<o
-0

OPTIC
RADIATION

ON = Optic Nerve

OC = Optic Chiasm

OT = Optic Tract

LGN = Lateral Geniculate Nucleus of Thalamus




The Visual Pathway

Eyeball
Retina

Optic nerve (ll)

Optic chiasma

Optic tract

Lateral
geniculate
nucleus of
thalamus

Optic
radiation

Visual
cortex




Eyes & Retina
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[ @ Blind spot (optic disk) ;
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Sclera

Retinal surface as seen
with an ophthalmoscope

Light >> lens >> retina (inverted and reversed image).




Eyes & Retina
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Eyes & Retina

* Macula: oval region
approximately 3-5
mm that surrounds
the fovea, also has
high visual acuity.

* Fovea: central
fixation point of
each eye// region
of the retina with
highest visual
acuity.

Optic nerve

macula




Eyes & Retina

* Optic disc: region
where axons
leaving the retina macula
gather to form the
Optic nerve.

Optic nerve




Eyes & Retina

* Blind spot locatec

15° lateral anc
inferior to centra macula
fixation point of
each eye.

Optic nerve

€ eye
blind spot
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Comea

Zonular fibers
(suspensory Iigamertt Object to be Seen
Scleral venous sin
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Photoreceptors
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Photoreceptors

Cones

 Cone-shaped

* Less sensitive

 Operatein high light

* Color vision

* Less numerous

* Highly represented in the
fovea >> have high spatial &
temporal resolution >> they
detect colors.




Photoreceptors

Rods W

* Rod-shaped

* Highly sensitive

 Operate at night

* Gray-scale vision

* More numerous than cons-
20:1, have poor spatial &
temporal resolution of visual | cone
stimuli, do not detect colors
>> vision in low level lighting rod
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Retina up-close
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Periphery

Macula

Ganglion cells

I

Bipolar cells

Ciliary body and ciliary muscle

Rods and Cones

(Receptors)

axons form the optic nerve

Comea

Zonular fibers
(suspensory ligament of lens)

Anterior chamber

Capsule of lens

2 Posterior chamber
Scleral venous sinus
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(Schles nal) Iridocorneal angle

Ciliary processes

Ciliary part of retina

Ora serrata

Structure of retina: schema
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Photoreceptors

» Convergence of Cones and Rods

Low Convergence in Cone-Fed Circuits

Retinal Bipolar Cone
ganglion cell
cell

High Convergence in Rod-Fed Circuits

Retinal Bipolar
ganglion cell cell
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Light
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Form Eye to the CNS

: % "~ Temporal

Pulvinar nucleus

Lateral geniculate
nucleus

Superior colliculus

Optic radiation

Primary visual cortex|




Visual Cortex — Primary Visual
cortex

Different names for primary visual P |
cortex: ¢\ b/ -

Brodmann’s area 17
V1
primary visual cortex

Areal17
(V1, primary visual cortex)

striate cortex (“striped” cortex)




Retinal Topography

Lol copme Bl oste Left hemisphere, medial view
Fovea Calcarine '
Left low"ight lower

visual field visual field

fissure
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Visual Cortex




Visual Cortex: Area MT or V5
MOTION

e Cellsinarea MT or V5
respond to movement
but not color

* For example, this
particular neuron in this
monkey’s V5 area
responds best when
stimulus moved down
and to the left

T =

8 32
Speed (degrees/ sec )




Visual Cortex:Area V4
COLOUR

(@ Mondrian display




Visual Cortex

Posterior Parietal Lobe

ilﬁ LU I R B R

WHAT
PATHWAY

Inferior
Temporal Lobe

Areas of Occipital Cortex

V| — segregates pattern visior
from motion signals

V2 - 3D vision/ seeing
camouflage/ more complex
patterns

V3 - shape perception

V4 — colour area and shape
perception

W5 — motion area
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How to examine

Visual acuity
Colour vision

Visual field
Fundus examination




Visual acuity

m m  Counting fingers 6 meters to
Sn‘z%oo 30 cm.

e Hand movement.

E 3 m * Perception of light.

20/80
025

3 W E M

20/60
0.33

20/40
T E W E 3 W m

2?.;[]20 100 mm




Colour vision

* |shihara colour plates




Fundus examination
» NORMAL FUNDUS

Cup:disc ratio
~0.3



Field examination

e Confrontation method

Visual Field of Right Eye







Field examination

Automated perimetry ~ Bjerrum screen.
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PAPILLODEMA




Retinitis Pigmentosa




Primary Optic Afrophy




Optic Neuritis : Common presentation

Visual field defect

Dyschromatopsia

No Light @
Normal 4

Response W( ) Q
to Light %‘\:&
Positive

RAPD of W

Right Ey "”Q\ ’

Abnormal papillary response

+ Diminution/loss of vision

ra



[ Figure A photograph taken in London by a patient with multiple sclerosis

A. Before ON B. 2 weeks after onset of ON
Left eye Right eye Left eye Right eye

C. 4 weeks after onset of ON D. 6 months after onset of ON
Left eye Right eye Left eye Right eye




An Egyptian Patient




Blood supply of the optic nerve

Posterior ciliary
arteries

Optic nerve

Internal carotid
artery

Ophthalmic
artery

Central
retinal artery
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Ischemic Optic Neuropathy:NAION

PARAMETER FINDING
Visual Acuity Often better than 20/100.
Visual Field Typically Inferior Altitudinal defect.

Colour Vision

May be severely impaired when VA is good.

Ophthalmic Exam Findings

Diffuse OR sectorial hyperaemic disc swelling
associated with FEW peripapillary splinter-
shaped haemorrhages.

Small OR cupless disc in fellow eye.

Swelling gradually resolves and pallor in 3-6
weeks after onset.

FA Finding

Acute Stage: localized disc hyperfluorescence,
intense, eventually involves entire disc.

Laboratory Evaluation

No associated laboratory abnormalities.




Ischemic Optic Neuropathy:NAION

NAION Optic neurtis
Age >50 <40
pain Unusual 92%+
Pupil APD+ APD+
VF Altitudinal Central
Optic disk Edema 100% pale |Edema 33% hyperemic
Retinal Hge Common Unusual
F.A. Delayed disk filling | No delayed
MRI No optic nereve enhancement

enhancement




Ischemic Optic Neuropathy: AAION

Symptoms:
* Acute vision loss one or both eyes
* Painless

Signs:
* VF loss
* RAPD +ve

» Swollen Optic Disc (AION) + flame
haemorhage




: AAION

Neuropathy

Optic

IC

Ischem

Giant cells (arrow) within a granuloma (circle)
of granulomatous inflammation

Healthwise, Incorporatad
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Ischemic Optic Neuropathy: AAION

Fundus photographs of right eye with

A-AION:

(A) Before developing A-AION

(B) One week after developing A-
AION with chalky white optic disc
edema and

(C) 4 months later showing optic disc
cupping with a cup/disc ratio of
0.8 (note no cup in A)

Hayreh SS (2009) Ischemic optic neuropathy.
Progress in retinal and eye research 28: 34-62



Ischemic Optic Neuropathy: AAION

Fundus photograph (A) and fluorescein fundus angiogram (B) of right eye with A-AION and cilioretinal
artery occlusion during the initial stages. (A) Fundus photograph shows chalky white optic disc edema
with retinal infarct in the distribution of occluded cilioretinal artery. (B) Fluorescein fundus angiogram
shows evidence of occlusion of the medial posterior ciliary artery and no filling of the cilioretinal artery.

Hayreh SS (2009) Ischemic optic neuropathy.

Progress in retinal and eye research 28: 34-62




Ischemic Optic Neuropathy: AAION

Pale optic disc edema with adjacent Chalky white pale,swollen and
retina infarcted hyperemic optic disc




Ischemic Optic Neuropathy: AAION

isual field defect (Altitudinal & inferiorly)
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Hereditary Optic Neuropathy: AD (Kjers’ type)

* The optic disc : temporal pallor and in some cases severe

excavation and cupping.
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Hereditary Optic Neuropathy: LHON

e Visual filed defects tend to be central or cecocentral as
the papillo-macular bundle is first and most severely

affected

55



Hereditary Optic Neuropathy: LHON

 Fundoscopy may show disk swelling, thickening of the

peripapillary retinal nerve fiber layer

Figure 2 Right optic nerve (A) of a patient with acute LHON-related vision loss showing mild hyperemia, blurring of the disc margin, and elevation of the optic nerve head
from swelling of the peripapillary retinal nerve fiber layer. LHON-related vision loss in the left eye had occurred 6 months prior leading to prominent temporal optic nerve
pallor (B) from atrophy of the retinal nerve fiber layer.

Abbreviation: LHON, Leber hereditary optic neuropathy.
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Optic nerve-type field defects

Retinal fibers
enter optic discs
in a  specific
manner.

Nerve fiber
bundle (NFB)
defects are of the
following:

Papillomacular
bundle.

Sup. & Inf.
Arcuate bundle.

Nasal bundle.



http://pn.bmj.com/content/9/6/324/F2.large.jpg

Papillomacular Bundle

Macular fibers that enter the temporal
aspect of the disc.

Defect, result in the following:

Central scotoma: defect covering central
fixation.

Centrocecal scotoma: a central scotoma
conneted to the blind spot.

Paracentral scotoma: defect of some of the
fibers of the papillomacular bundle lying
next to, but not involving central fixation.



Papillomacular bundle-defects

ol A cenfrocecal scofoma in- A paraceniral scotoma af-
ﬂ:ﬂﬂﬁmlﬁ ation volves the point of central fects an area of the visual
b ) " fixation and the area be- field that is nasal or temporal
It's always associated with

) : tween the blind spot and the to the point of central fixa-
decreased visual acuity. fixation paint. tion.



Lesions of the Visual Pathway

Left Right ]
. Normal visual fields Fields, not
[ retinal
.y quadrants
\‘

T e

. Blindness of the right eye

é:\
{ /

. Blindness of right eye + contralateral left upper
guadrantanopia

Masked area = area
of visual loss

Definitions

v Strabismus

v'Diplopia

v' Amblyopia

v'Scotoma

v'Quadrantanopsia - # 3, 6 Aka
v'Hemianopsia-#4, 5,7 Jﬁ?

v'Heteronymous Defects - # 3, 4
v'/Homonymous Defects - # 5, 6, 7
v'Congruous Defects - #5, 6, 7
v’Incongruous Defects - # 3
v'Altitudinal Defects - # 6

65



Lesions of the Visual Pathway

Left Right

. Normal visual fields

DO

. Blindness of the right eye

~ \
\ /.

. Blindness of right eye + contralateral left upper
guadrantanopia
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Lesions of the Visual Pathway

* Hemianopia — loss of
pattern vision in either
the left or right visual

field

* Quadrantanopia —
blindness in one

guadrant of the visual
field — damage to the
optic tract, LGN or V1







Anton—Babinski syndrome
(Visual anosognosia)

abriel Antor

* Denial of blindness who cannot see.

* The lesion extend beyond the striate cortex to
involve visual association areas.

* Failing to accept being blind, the sufferer
dismisses evidence of his condition and

employs confabulation to fill in the missing
sensory input.

* Lesion is in visual association areas superior to
calcarine cortex.



Deficits in Motion Perception:
Akinetopsia




Deficits in Color Perception -
Achromatopsia

Congenital colorblindness (dichromats)
vs. acquired colorblindness

Usually associated with damage to V4
Object recognition OK




Deficits in Color Perception -
Achromatopsia

Simulation of hemiachromatopsia Normal colour vision



Deficits Following Damage to the
WHAT Pathway

* Visual agnosia — partial or total inability | @"""
to recognize visual stimuli,
unexplainable by a defect in elementary
sensation or reduced level of alertness
or memory
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Describe the visual field defect ?
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Describe the visual field defect ?
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Describe the visual field defect ?




Describe the visual field defect ?




Describe the visual field defect ?

Left eye Right eye




Describe the visual field defect ?




Describe the visual field defect ?
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Describe the visual field defect ?




Describe the visual field defect ?

Right

Bitemporal Homonymous Hemianopia




Describe the visual field defect ?
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Left Homonymous Hemianopia




Describe the visual field defect ?

Right superior quadrantanopia >>
temoporal lobe lesion




Describe the visual field defect ?

Left inferior quadrantanopia >> parietal
lobe lesion




Describe the visual field defect ?

Right homonymous hemianopia




Describe the visual field defect ?

Left homonymous hemianopia with
macular sparing




Describe the visual field defect ?

Left incongruous homonymous hemianopia
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Describe the visual field defect ?

Left eye Right eye

Enlarged Blind Spot




Describe the visual field defect ?

LEFT RIGHT

CENTRAL FIELDS

- - N N

o o Ju o |»u
- = ™ e

Junctional scotoma: lesion at junction of
optic nerve and chiasm




Describe the visual field defect ?

A Left Eye Right Eye B
l’ na
R-R TTIE
ERER| I B B BSE
. o——— Luu
vAmn| H-c¢cH
LB B IR REN
nEnm- N
% 1 <5%
<o
H<05%

Left sector sparing homonymous
hemianopia >> lesion at LGN.

10




Describe the visual field defect ?
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Describe the visual field defect ?

Right Left Right Left

A. >\/< B. >\/<

LEFT EYE RIGHT EYE LEFT EYE RIGHT EYE

Figure 1-15. (A) Posterior choroidal artery occlusion leads to homonymous horizontal sectoranopia.
B) Anterior choroidal artery occlusion causes sector-sparing homonymous hemianopia.
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