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OBJECTIVES

 Understand the blood supply to the 
eye and brain

 Discover the clinical approach to 
evaluating central vision loss

 Review critical cases of sudden 
vision loss due to central origins
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https://www.aao.org/image/visual-cortex



THE VISUAL 
PATHWAY

 Pre-chiasmal pathway controls 
vision from each eye

 Chiasm has visual input from 
both eyes

 Optic tracts with fibers from 
each eye travel to the lateral 
geniculate body in the 
thalamus

 Optic radiations then carry 
fibers from both eys to 
primary visual cortex in the 
occipital lobe

Image courtesy of Allen D. Elster, MRIquestions.com
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Vision loss is caused by problems at any point along the visual pathway from the eyes to the brain, and sudden vision loss is an emergency.In the labelled figure above, you can see the visual pathway as input from the environment travels from the eyes to the brain. An important point in this pathway is the optic chiasm, labelled as well as marked with a star on the figure above. A compromise in the blood supply that is prechiasmal, or happens before the optic nerves cross over at the optic chiasm, will cause monocular vision loss as the nerve fibers from each eye haven’t conjoined with one another yet. Once they are conjoined and crossed over, the optic nerves proceed along the retrochiasmal visual pathway to the lateral geniculate body, which is a relay center in the thalamus for the visual pathway that receives and processes sensory input from the retina. Optic radiations then leave from the lateral geniculate nucleus (LGN) and are divided into superior, inferior, and central nerve fibers. Inferior fibers, known as Meyer’s Loop, travel to the temporal lobe, while the superior and central nerve fiber bundles travel to the parietal lobes. At this point, any disruption to the optic tract, whether on the right or left or both, will affect vision in both eyes. From: http://mriquestions.com/copyright-issues.html
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This is the blood supply to the eye. The prechiasmal optic tract consists of the retina, from where nerve fibers gather to the optic nerve and travel to the optic chiasm. Here, you can see the internal carotid supplying the ophthalmic artery, which provides the blood supply to the optic nerve and gives off the posterior ciliary arteries and the central retinal artery, providing the blood supply to the retina. Prechiasmal vision loss can be caused by retinal ischemia secondary to occlusion within the ophthalmic artery vascular supply. The cause of retinal ischemia, or a retinal stroke, is the same as for an ischemic stroke in the brain, whereby an embolus travels to the artery, in this case from the internal carotid, and occludes the retina’s blood supply, damaging the neurons. Retinal ischemia can occur either transiently as amaurosis fugax (AF) or permanently due to a central retinal artery occlusion, a branch retinal artery occlusion, or rarely, an occlusion of the ophthalmic artery itself. A compromise in the blood supply that is prechiasmal, or happens before the optic nerves cross over at the optic chiasm, will cause monocular vision loss as the nerve fibers haven’t conjoined yet. Once they are conjoined and crossed over, the optic nerves proceed along the retrochiasmal visual pathway and compromise of either left or right side of the optic tract will effect vision in both eyes. 



BLOOD SUPPLY OF THE 
POSTERIOR VISUAL 
PATHWAY

 Understanding anatomy of 
blood supply is important for 
analyzing where a potential 
lesion may be

 Posterior cerebral arteries 
supply occipital lobes
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An understanding of the blood supply to the central nervous system is critical to understand major CNS causes of vision loss. When the blood supply is compromised, visual function can also be compromised. The occipital lobe, where the visual cortex is located, is located at the posterior of the brain and is supplied by the posterior circulation. The posterior circulations consists of the bilateral vertebral arteries which travel up and fuse to form the basilar artery. The basilar then splits off and terminates into the bilateral posterior cerebral arteries. These supply the right and left occipital lobes. Infarction in the posterior cerebral artery territories can cause cortical vision loss, that is, vision loss stemming from damage to the visual cortex. https://www.aao.org/image/reversible-cerebral-vasoconstriction-syndrome



EVALUATING PATIENTS 
WITH SUDDEN VISION 
LOSS

 Eye Examination Including 
Fundus Exam

 Visual Field Testing

 Neurological Exam

 Brain Imaging
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Physician can use knowledge of the anatomical landmarks discussed previously and the corresponding blood supply territories to clinically localize a stroke involving vision by recognizing the effects of their dysfunction on the clinical examination. The neurological exam is designed to help localize potential lesions through testing various parts of the body and their function to assess the integrity of the corresponding part of the central and/or peripheral nervous system. The neurological exam is important to evaluate for stroke, which must be treated emergently, and to localize it if possible. Brain imaging studies would be typically done in an emergency room setting to identify lesions, bleeding, and determine treatment. An detailed eye exam including the fundus examination is also indispensable if vision loss is part of the symptom profile. Here, it is important to test vision with each eye, which is done by covering one eye. Sometimes, due to compensation from both eyes, a patient may not notice a monocular visual defect. It is also important to assess for any dysfunction in pupil reactivity, and eye or lid movement, as these may be signs of compromise of certain cranial nerves. Visual field testing is also important in locating the visual dysfunction. Depending on whether one or both eyes have visual field abnormalities, and whether they are top, bottom, left or right, can help to locate where the problem may be in the visual pathway. 



CASE #1

 A 67-year-old man is brought to the emergency department by his daughter.  He was 
bumping into the cabinets in his kitchen, noted that the room was spinning, and could 
not locate the car in the driveway despite it being to the right of the front door.

 The triage nurse noticed that he skipped questions on the intake forms.  You note 
that these questions are primarily on right side of the page.  His visual acuity 
measures 20/20 in each eye.
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Let’s try some minicases to test our knowledge and see how these principles manifest in real world settings when patients present with vision problems. You are the ophthalmology resident on call when the ED attending calls to tell you about an interesting case. [Read out the case]What do you think the diagnosis could be?



STROKE
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The patient in the case just described is suffering from a stroke. A full neurological and ophthalmological exam would be warranted, as well as neuroimaging as soon as possible. However, the visual field defect is quite telling for a symptom of stroke. The patient in this case has difficulty seeing the right side of the world, hence knocking into cabinets. He also neglected to see the forms on the right side of the documents he was filling out and unless he had deliberately moved his head to the right, he would have continued to ignore that side of the form as if it simply didn’t exist. The sensation of homonymous hemianopia, which means absence of vision one side of the visual world in both eyes, is not merely seeing a dark curtain on that side. For the person who has homonymous hemianopia, the missing half of the world simply doesn’t exist. An kind of anopia, whether it affects a quadrant of the visual field or an entire half, will produce the same sensation. The only difference is where the lesion may be. Can you determine where the lesion may have been in this case? Given the presence of vertigo and the right-sided visual defect, this patient likely has compromise of the posterior circulation, and the left occipital lobe has been impacted along with some cerebellar dysfunction. Postchiasmal strokes occur secondary to ischaemia in the LGB, optic radiations, or occipital lobe and can manifest as sectoranopias, quadrantanopias, or hemianopias, either congruous or incongruous. Incongruous visual field defects can arise from optic tract and lateral geniculate body ischemia (if there is a thalamic stroke). 



CASE #2

 A 76-year-old man presents to the emergency department after experiencing a sudden blackening of vision in his 
left eye.  It lasted 5 minutes and resolved.  He did not cover one eye or the other to see if this was truly unilateral 
but is “pretty sure.”

 His examination is unremarkable with visual acuity appropriate for age of 20/25 in each eye.  He has a history of 
hypertension (controlled on medication) and dyslipidemia. 
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Unless the patient covers his or her eyes alternately, it may not be possible to distinguish hemianopia from amaurosis fugax on historical grounds alone. TIA affecting the posterior circulation may result in a myriad of possible symptoms, including vertigo, imbalance, ataxia and cranial nerve dysfunction.



TRANSIENT ISCHEMIC ATTACK 
DUE TO CAROTID STENOSIS
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A transient ischemic attack (TIA) is a syndrome characterized by the sudden onset of discrete neurological symptoms that resolve completely within 24 hours. TIA frequently precedes ischemic stroke, particularly in the territory of the carotid arteries. This patient underwent neurological and ophthalmic exam, and also underwent neuroimaging including radiographic studies of the blood supply to the CNS. Contrast-enhanced magnetic resonance angiogram showed a tight narrowing, or stenosis, in the internal carotid artery that could explain the patient’s symptoms. Amaurosis fugax is a brief monocular loss of vision, and consists of “negative” symptoms such as greying of colors, blurring, or complete loss of vision. Amaurosis is strongly associated with internal carotid artery stenosis, because the ophthalmic artery is the first branch of the internal carotid artery. Amaurosis is as a type of transient ischemic attack during which an embolus unilaterally obstructs the lumen of the retinal artery, or more likely the ophthalmic artery, causing a decrease in blood flow to the corresponding retina. The most common source of these emboli is an atherosclerotic carotid artery. A carotid artery stenosis can also present similary. Hemianopia may occur with posterior circulation ischemia from a transient ischemic attack, and many patients will interpret it as loss of vision in one eye rather than in half of the visual field of both eyes. Unless the patient covers his or her eyes alternately, it may not be possible to distinguish hemianopia from amaurosis fugax on historical grounds alone. TIA affecting the posterior circulation could however produce a myriad of possible symptoms, including vertigo, imbalance, ataxia and cranial nerve dysfunction that can help differentiate the diagnosis. A complete blood count and determination of coagulation function, fasting blood sugar level and serum cholesterol level are required. An EKG is important for detecting atrial fibrillation as well as concurrent cardiovascular disease. Neuroimaging should be done on the same day as presentation, including neurovascular imaging, as in this patient. 



CASE #3

 An 81-year-old man presents with sudden, painless vision loss in the left eye that spread over his complete left 
visual field over a 15-minute time frame. 

 Vision examination documented visual acuities of 20/40 in the right eye and hand motions vision in the left eye 

 Pupillary examination showed an afferent pupillary defect of the left eye.



CENTRAL RETINAL 
ARTERY OCCLUSION

Image credit: https://www.aao.org/image/central-retinal-artery-occlusion-5
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You may be surprised to see an image of a retinal disorder in this short lecture on central nervous system causes of vision loss. However, the retina is a part of the CNS, indeed it is the only part of the nervous system we can see without cutting someone open. The diagnosis in this case is a central retinal artery occlusion, which is effectively a stroke of the eye. However, there is one main difference between a stroke in the visual cortex and a stroke in the eye when it comes to how the vision loss manifests. Can you guess what that would be? In the brain, the right visual cortex is responsible for the left-half of the visual field in both eyes and the left visual cortex controls the right-half of the visual field in both eyes. Thus, a compromised right or left visual cortex will affect vision in BOTH eyes. When you have a central retinal artery occlusion (or CRAO), you are compromising vision in only one eye. Thus, CRAO is a cause of monocular vision loss. A compromise in the blood supply that is prechiasmal, or happens before the optic nerves cross over at the optic chiasm, will cause monocular vision loss as the nerve fibers haven’t conjoined yet. The patient’s classic description of painless, sudden loss of vision one day prior to presentation, and the appearance of the "cherry-red spot" on fundus examination made the diagnosis of a central retinal artery occlusion (CRAO). This elderly patient may have a history of cardiovascular disease, including carotid vascular disease. There could potentially have been episodes of amaurosis fugax prior to presentation. This is a fundus image of an eye that has suffered a central retinal artery occlusion, just like the patient described in the case. Do you see that cherry red spot where the macula should be? CRAO results in generalized retinal edema, that spares the optic nerve, which is supported by a separate blood supply. Examination typically shows a ‘cherry red spot’ at the location of the macula. The cherry red spot is an optical illusion. The macula is not more red; the edema surrounding the nerve fibers causes swelling and makes the area more pallid. The inner retina is multi-layered throughout except at the fovea; thus, the retinal edema surrounds the fovea. In the fovea, the underlying choroid with intact retinal pigment epithelium is visible and appears as a "cherry red spot" when compared to the cloudy, edematous retina adjacent to it. Patients with retinal emboli are also at risk of stroke and stroke-related death, and therefore warrant a systematic workup. 5-10% of CRAOs are associated with giant cell arteritis, which is an emergent vision-threatening problem. Testing for erythrocyte sedimentation rate and c-reactive protein should be performed to rule out GCA. 
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