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V
isual performance at school, play, and work involves a 
wide variety of activities. Life today depends on com-
fortable, clear, single vision for computer use, reading, 
and sports-related hand-eye coordination, to name 
just a few activities.

The eyes are an extension of the brain. When the brain 
sustains any type of insult, one or more areas of visual per-
formance can be affected. Optometrists can help patients 
who have sustained a neurologic injury from illness, disease, 
or trauma obtain treatment, which can have a tremendously 
positive impact on their activities of daily living.

INSULTS: FIVE EXAMPLES OF THE RELATIONSHIP 
BETWEEN NEUROLOGIC PROCESSING AND VISUAL 
PERFORMANCE

No. 1: Alzheimer Disease
Recent studies have shown changes in the small 
blood vessels in the retina among people with 
Alzheimer disease.1,2 In this population, visual 
deficits are common in the areas of motion 
detection, figure-ground discrimination, periph-
eral vision, depth perception, color vision, and 
contrast sensitivity.
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No. 2: Autism
Researchers have speculated 
that atypical visual percep-
tion in individuals with 
autism is caused by altera-
tions in the local circuitry 
within the visual area and 
the connections between 

visual cortical areas and attention 
networks. A higher incidence of eye 
movement disorders has also been 
noted in this population.3

No. 3: Post Concussion 
Syndrome
A direct connection has 
been made between 
deficiencies in saccadic 
eye movement and post 
concussion syndrome.4 
Any traumatic event to the 

brain is associated with an extremely 
high incidence of both pursuit and 
saccadic eye movement deficits.5 The 
neural pathways for eye movements 
are extensive and reach to almost all 
areas of both the cortical and subcor-
tical areas of the brain.

No. 4: Stroke
Stroke patients generally 
acquire specific visual 
conditions related to the 
area of insult. A brain-
stem stroke can produce 
double vision with no 
visual field defects, and 

nystagmus may or may not be present. 
Right brain insult will often result in 
left visual neglect with or without a 
left visual field defect. Left brain insult 
causes more cognitive delays, reading 
difficulties, and some level of aphasia 
with a right visual field defect.

No. 5: Age-Related 
Macular Degeneration
Macular pigment 
comprises the 
carotenoids lutein, 
zeaxanthin, and 
meso-zeaxanthin. 
They are found at 

the macula and are neuroprotective. 

These carotenoids are also present 
in the brain, and evidence suggests a 
close correlation between retinal and 
brain concentrations.6-9 Once macular 
degeneration results in a loss of sight, 
the speed of cognitive decline increases, 
resulting in more signs of aging.

VISUAL PROCESSING
Many pathways of neural pro-

cessing significantly affect visual 
performance. Although gathering 
and processing visual information is 
extremely complex, for simplicity’s 
sake the visual process may be broken 
down into three main areas. One is 
subcortical, and the other two are 
cortical. All three are important to 
consider, assess, and treat.

The intricacies of these neural path-
ways are intertwined for both feed-
forward and feedback processing. The 
different pathways of processing visual 
information do not act in isolation. 
There is a dynamic interaction among 
all visual processes, and they depend 
on one another to allow a person to 
understand what he or she is viewing.

Ocular Motor System
The neural circuitry of the ocular 

motor system includes the ocular 
reflexes of blinking and pupillary reac-
tion, accommodation, and eye move-
ment. Almost all of the neural process 
will communicate with the cortex 
through a pathway not involving the 
optic nerve. Exceptions are afferent 
neurons of accommodation and the 
pupillary reflexes.

Inflammation or damage to almost 
any area of the brain can negatively 
affect the ocular motor system. Visual 
neural pathways are found in both 
hemispheres, in all lobes of the cor-
tex, and throughout the brainstem. 
They can be assessed by observing the 
visual motor performance of:

• fixation
• pursuits
• saccades
• accommodative posture
• accommodative amplitude
• accommodative flexibility

• convergence
• divergence
• pupillary reflexes
• eyelid control
Trauma (especially whiplash), 

cerebrovascular accident of the brain 
stem, and progressive neurological 
disorders such as Parkinson disease 
can be acquired insults to the subcor-
tical areas of visual process. Common 
symptoms include double vision, eye 
movement deficiency, and difficulty 
with body orientation.

VENTRAL
• trouble recognizing faces
• problems with object recognition
•  difficulty matching visual shape to 

internal representation
•  trouble understanding facial 

expressions
•  superior (altitudinal) visual field defect 

opposite insult
• agnosia
• aphasia
• achromatopsia
• loss of visual memory

DORSAL
•  trouble finding an object against a 

complicated background (eg, while 
grocery shopping) 

•  inaccurate reaching and grasping 
(eg, knocking things over)

•  inferior visual field defect opposite 
insult

• neglect: right parietal
• apraxia
•  problems with right-left discrimination
• poor angular judgment
•  poor coordination of movement in 

space
• visual construction deficits
• topographic disorientation

COMMON SYMPTOMS 
SIGNALING INSULTS 
TO THE VENTRAL 
AND DORSAL VISUAL 
PATHWAYS
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Ventral and Dorsal Visual Pathways
The sensory visual process involves 

the light pathway. More than 30 dif-
ferent cortical areas contribute to the 
processing of sighted visual informa-
tion, but there are two main cortical 
systems: the ventral visual pathway 
and the dorsal visual pathway.

Ventral Visual Pathway
The ventral visual pathway extends 

to the temporal lobe and is involved 
with the identification of visual infor-
mation such as color. It has been 

referred to as the what, south, or 
parvocellular pathway, owing to its 
high concentration of parvocellular 
input. Parvocellular neurons primarily 
receive visual information from the 
midget ganglion cells that are con-
centrated near the fovea. The ventral 
visual pathway forms conscious rep-
resentation for identifying objects. In 
figure-ground perception, this path-
way identifies the figure. This neural 
pathway is assessed by examining 
visual acuity, accommodation, visual 
attention, and memory.

The ventral visual pathway’s 
internal location within the cortex 
confers protection from blunt force; 
neurologic disorders, inflammation, 
and circulatory insults are more likely 
to damage this pathway. For a list of 
common symptoms signaling insults 
to the ventral visual pathway, see 
Common Symptoms Signaling Insults to 
the Ventral and Dorsal Visual Pathways.

Dorsal Visual Pathway 
The dorsal visual pathway extends 

to the parietal lobe and is involved 

WAYS TO IMPROVE VISUAL PERFORMANCE
Visual motor and visual thinking skills are commonly affected by neurologic injury, which can have a negative effect on 
visual performance. Optometrists can prescribe the following simple activities chairside to improve a patient’s overall 
visual performance.

VISUAL MOTOR ACTIVITIES
Eye Stretch. Instruct the patient to assume the best possible seated posture and to breathe normally. Have him or her 
occlude one eye with his or her hand. Note: the occluded eye should remain open. Then ask the patient to fixate in 
extreme gaze at the 12:00 clock positions. Have him or her slowly move to the extreme gaze at the 1:00 clock position. 
Continue then to 2:00, 3:00, and 4:00 clock position and so on until a full rotation has been made. Do this for 1 minute. 
Repeat in a counterclockwise direction. Next, ask the patient to repeat the entire process with the other eye.

Modified Eye Stretch. Instead of using a pursuit from number to number, as detailed in the previous activity, instruct the 
patient to saccade between the 12:00 and 6:00 clock positions, then from 3:00 to 9:00, 2:30 to 7:30, and 4:30 to 10:30.

Localization. Instruct the patient to maintain the best possible seated posture and to breathe normally. Give him or her a 
pointer stick to hold, and then ask the patient to fixate on the end of a fat straw held centrally in primary gaze. Next, ask 
the patient to maintain fixation on the end of the straw and, without looking back and forth, to pierce the straw with the 
pointer. Move the straw to a variety of the nine positions of gaze.

VISUAL THINKING ACTIVITIES
 • Jigsaw puzzles
 • Sudoku puzzles
 • Crossword puzzles
 • Solitaire
 • Word finds
 • Hidden pictures

Prescribe only a few activities for patients to work on at a time so as not to overwhelm them. Assistance from caregivers, 
when applicable, can dramatically improve outcomes. Encourage patients by reminding them that, when activities become 
easier over time, it signals a strengthening of brain cells, or dendrogenesis and neurogenesis, which can improve visual 
cognitive performance.
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with localization and motion detection 
of visual information. This pathway 
receives mainly magnocellular input, 
information involving where and how. 
It has also been referred to as the north, 
magnocellular, and action pathway. The 
peripheral retina has a higher concen-
tration of magnocellular neurons.

The primary function of the dorsal 
visual pathway is to subconsciously 
guide action by integrating the spatial 
relationships between internal and 
external information. This allows a 
person to interact with the environ-
ment effectively. In figure-ground 
perception, this pathway identifies 
the ground. This neural pathway is 
assessed by examining localization, 
convergence, divergence, binocularity, 
eye movement, and spatial orientation.

Damage to the dorsal visual 
pathway is most commonly caused 
by traumatic hits to the head, but 
inflammation and circulatory insult 
can also affect this pathway. The 
pathway is located on the outer por-
tion of the cortex, which increases 

the chances of its slamming against 
the skull after impact. For a list of 
common symptoms signaling insults 
to the dorsal visual pathway, see 
Common Symptoms Signaling Insults 
to the Ventral and Dorsal Visual 
Pathways.

THE ROLE OF OPTOMETRISTS
Assessing a patient’s visual perfor-

mance helps to determine which area 
of the brain an insult has affected 
most. The first step is to determine 
whether a visual field defect or 
double vision is present because this 
helps differentiate between cortical 
and subcortical involvement. When 
a cerebrovascular accident has 
occurred, the location and resulting 
symptomology are more specific and 
easier to assess. For trauma or pro-
gressive neurologic disease, symptom-
ology may be more diffuse, involving 
all areas of visual processing.

Many optometrists successfully 
use the visual system to guide 
improvement in visual and cognitive 

performance (see Ways to Improve 
Visual Performance). These providers 
hypothesize that, because the eye 
and brain are intricately related and 
because the visual process involves 
many areas of the brain, improving 
specific visual skills will in turn 
improve visual performance. This 
improved performance can then 
help the patient to gain function and 
improve activities of daily living. It is 
important to note that, when treating 
patients with progressive neurologic 
disorders, any improvement in func-
tion is temporary, but it can never-
theless benefit patients who want to 
function at the highest level possible 
for as long as possible. n 

1. Einarsdottir AG, Hardarson SH, Kristjansdottir JV, Brafason DT, Snaedal J, Stefánsson E. 
Retinal oximetry imaging in Alzheimer’s Disease. J Alzheimers Dis. 2016;49(1):79-83.
2. Yoon SP, Dilraj SG, Thompson AC, et al. Retinal microvascular and neuro-
degenerative changes in Alzheimer’s disease and mild cognitive impairment 
compared with control participants [in press]. Ophthalmology Retina. 2019.
3. Schmitt LM, Cook EH, Sweeney JA, Mosconi MW. Saccadic eye movement 
abnormalities in autism spectrum disorder indicate dysfunctions in cerebellum 
and brainstem. Mol Autism. 2014;5:47.
4. Wetzel PA, Lindblad AS, Raizada H, et al. Eye tracking results in postconcus-
sive syndrome versus normative participants. Invest Ophthalmol Vis Sci. 
2018;59(10):4011-4019.
5. Danna-Dos-Santos A, Mohapatra S, Santos M, Degani AM. Long-term ef-
fects of mild traumatic brain injuries to oculomotor tracking performances and 
reaction times to simple environmental stimuli. Sci Rep. 2018;8:4583.
6. Johnson EJ, Vishwanathan R, Johnson MA, et al. Relationship between 
serum and brain carotenoids, alpha-tocopherol, and retinol concentrations and 
cognitive performance in the oldest from the Georgia centarian study. J Aging 
Res. 2013;2013:951786.
7. Vishwanathan R, Iannaccone A, Scott TM, et al. Macular pigment optical density is 
related to cognitive function in older people. Age Ageing. 2014;43:271-275.
8. Feeney J, Finucane C, Savva GM, et al. Low macular pigment optical density 
is associated with lower cognitive performance in a large, population-based 
sample of older adults. Neurobiol Aging. 2013;34:2449-2456.
9. Renzi LM, Dengler MJ, Puente A, et al. Relationships between macular 
pigment optical density and cognitive function in unimpaired and mildly 
cognitively impaired older adults. Neurobiol Aging. 2014;35:1695-1699.

BRENDA HEINKE MONTECALVO, OD, FCOVD, 
FAAO, FCSO
n Optometrist, Nova Vision Care, Beavercreek, Ohio
n bmontecalvo@novavisioncare.com
n Financial disclosure: None

s

     When the brain sustains any type of insult, one or more areas of visual 
performance can be affected.

s

     Assessing a patient’s visual performance helps to determine which area 
of the brain an insult has affected most.

s

     Because the eye and brain are intricately related, and because the 
visual process involves many areas of the brain, many optometrists 
hypothesize that improving specific visual skills will improve visual 
performance.
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