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ACQUIRED COLOR BLINDNESS

Primary Disciplinary Field(s): Ophthalmology, Neurology, Neuroscience

1. Core Definition

Acquired color blindness, technically known as acquired dyschromatopsia, refers to a faulty

chromatic eyesight that develops in an individual who previously possessed normal, healthy color

vision. Unlike congenital color vision deficiency, which is static and typically present from birth due

to genetic anomalies affecting retinal photoreceptors, acquired color blindness is characterized by

its later onset, often gradual progression, and potential variability. This condition is not a singular

disease but rather a symptom or manifestation of underlying pathology affecting various

components of the visual pathway, ranging from the retina itself to the visual processing centers

within the brain. The definition emphasizes the evolutionary nature of the defect; the individual

accrues this visual problem later in life, usually as a consequence of disease, trauma, or toxic

exposure.

The impact of acquired dyschromatopsia is significant, often leading to difficulties distinguishing

specific colors, a reduction in overall color saturation, and, in severe cases, complete loss of color

perception (acquired achromatopsia). The specific colors affected depend entirely on the location

and nature of the damage. For instance, diseases primarily affecting the macula--the central part of

the retina--frequently result in deficiencies along the blue-yellow axis. Conversely, pathology

related to the optic nerve often yields defects along the red-green axis. This etiology-specific

presentation is a hallmark differentiating acquired from inherited conditions, providing crucial

diagnostic clues for clinicians investigating the root cause of the vision loss.

Furthermore, acquired color blindness often presents unilaterally or asymmetrically, meaning one

eye may be more severely affected than the other, or only one eye exhibits the deficit. This stands

in stark contrast to congenital forms, which are almost universally bilateral and symmetrical. The

dynamic nature of acquired defects means they can sometimes be reversed or stabilized if the

underlying causative condition is successfully treated, although this possibility is heavily dependent

on the extent and type of neural damage sustained.

2. Distinction from Congenital Color Blindness

The fundamental differentiation between acquired and congenital color blindness lies in their

mechanistic origins and clinical presentation. Congenital color blindness results from genetic

mutations that impair the function of photopigments within the cone photoreceptors of the retina,

leading to a permanent, non-progressive, and typically symmetrical deficit (e.g., inherited

protanopia or deuteranopia). Individuals with congenital forms usually adapt early in life and may

not even realize their perception differs significantly from others. The severity remains constant
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throughout their lives.

In sharp opposition, acquired color blindness is pathological and indicates ongoing damage. It is

usually noticed abruptly or progressively by the patient because they have a memory of previously

normal color vision. Clinically, acquired defects are typically more variable and complex; they rarely

conform neatly to the classic dichromatic or trichromatic categories defined by congenital defects.

A key distinguishing factor is the specific axis of color loss: acquired defects often present with a

blue-yellow (tritan) axis loss in retinal diseases, while congenital defects are overwhelmingly red-

green (protan/deutan). This distinction helps guide further diagnostic imaging and testing, focusing

either on the genetic makeup (congenital) or the structural health of the visual pathway (acquired).

Another critical difference relates to secondary symptoms. Acquired dyschromatopsia is often

accompanied by other visual disturbances, such as reduced visual acuity, sensitivity to light

(photophobia), or visual field loss, which are typically absent in pure congenital forms. These co-

morbid symptoms reinforce the understanding that acquired color vision loss is a marker of an

active disease process, necessitating immediate medical investigation, whereas congenital color

blindness is a static variation in visual capability.

3. Etiology: Ocular Causes (Retina and Optic Nerve)

The majority of acquired color vision defects stem from pathology localized to the eye, affecting

either the light-sensitive retina or the signal-transmitting optic nerve. Retinal diseases often

damage the cone photoreceptors responsible for color perception or the retinal pigment epithelium

(RPE) that supports them. Conditions such as age-related macular degeneration (AMD), diabetic

retinopathy, and hereditary retinal dystrophies like retinitis pigmentosa can progressively erode

color discrimination, typically resulting in defects along the tritan (blue-yellow) axis due to the

differential vulnerability of short-wavelength cones. The severity correlates directly with the extent

of retinal tissue compromise.

Diseases affecting the optic nerve, which transmits visual information from the retina to the brain,

present a different profile. Damage to the optic nerve, often caused by conditions like optic neuritis

(frequently associated with multiple sclerosis), glaucoma, or ischemic optic neuropathy, typically

impairs the transmission of high-frequency visual signals more severely, leading to red-green color

vision deficits. This pattern is so reliable that an acquired red-green defect is often pathognomonic

of optic nerve disease. Furthermore, optic nerve pathology frequently results in a marked

desaturation of colors, often described by patients as colors appearing "washed out" or faded,

especially when compared between the affected and unaffected eye.

Toxic exposures also fall under ocular etiology. Certain medications (e.g., ethambutol used for

tuberculosis, or certain cardiac drugs) can be toxic to the optic nerve or retina, resulting in acquired

dyschromatopsia. The mechanism often involves mitochondrial damage or direct neurotoxicity,
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leading to progressive and sometimes irreversible loss of chromatic sensitivity. Identification and

cessation of the causative agent is paramount for preventing further vision deterioration, although

full recovery is not always possible once significant damage has occurred.

4. Etiology: Cortical Causes (Cerebral Achromatopsia)

In a subset of cases, acquired color blindness originates not from peripheral damage to the eye or

optic nerve, but from central processing deficits in the brain. This condition is termed cerebral

achromatopsia and represents the complete loss of color vision, despite the eyes and optic

nerves being anatomically functional. This occurs due to damage to specific regions of the

occipitotemporal cortex, particularly the area identified functionally as V4 or V8, which is critically

involved in processing and perceiving color information. The damage is often the result of stroke

(ischemia), trauma, or neurodegenerative diseases affecting the posterior cerebrum.

Patients with cerebral achromatopsia perceive the world in shades of gray, analogous to viewing a

black-and-white film. Crucially, their light sensitivity, visual acuity, and ability to perceive form and

motion may remain intact, demonstrating the modular nature of visual processing in the cortex.

This condition is profoundly debilitating, as color plays a significant role in object recognition, social

cues, and emotional processing. Unlike ocular acquired dyschromatopsia, cerebral achromatopsia

is often bilateral and total, reflecting the destruction of the dedicated color processing centers

common to both visual fields.

The study of cerebral achromatopsia has provided crucial insights into neuroscience, confirming

the existence of a dedicated color center in the human brain. The damage to these regions, often

located near the lingual and fusiform gyri, proves that color is not merely a sensory input defined

by the retina, but a constructed perception dependent on high-level cortical computation.

Furthermore, cerebral achromatopsia sometimes occurs alongside other visual agnosias, such as

prosopagnosia (inability to recognize faces), reinforcing the anatomical proximity and functional

interconnectedness of these specialized visual areas.

5. Classification and Typical Patterns

Acquired dyschromatopsia does not follow the rigid classification system of congenital defects

(protan, deutan, tritan) but rather presents in two general, clinically useful patterns related to the

primary site of damage: Type I (Optic Nerve Pattern) and Type II (Retinal Pattern).

Type I: Optic Nerve Pattern (Red-Green Deficits): This is characterized by difficulties

discriminating red and green hues, often accompanied by reduced visual acuity, pupil

abnormalities (relative afferent pupillary defect), and loss of color saturation. This pattern is highly

indicative of lesions affecting the optic nerve fibers or the neural transmission between the retina

and the lateral geniculate nucleus (LGN). Common causes include optic neuritis, compressive
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tumors, and toxic optic neuropathies. The severity of the red-green defect typically mirrors the

severity of the underlying nerve damage.

Type II: Retinal Pattern (Blue-Yellow Deficits): This pattern involves difficulty discriminating blue

and yellow hues (tritan axis defects). It is overwhelmingly associated with diseases of the outer

retina, particularly those affecting the macula, such as central serous retinopathy, inherited

tritanopia, and macular edema. The short-wavelength (blue) cones are often more vulnerable to

metabolic stress and vascular changes associated with retinal disease. Unlike Type I, Type II

defects are often less correlated with gross visual acuity loss in the early stages, although they

worsen as the retinal pathology progresses. Identifying the specific type of acquired defect is a

critical step in the differential diagnosis, guiding the clinician toward either neuro-ophthalmological

investigation (Type I) or retinal examination (Type II).

6. Diagnosis and Assessment

Diagnosing acquired color blindness requires a multi-faceted approach, combining detailed patient

history, comprehensive ophthalmic examination, and specialized psychophysical testing. The

patient history is essential, focusing on the onset, duration, progression, and potential exposures

(medications, toxins, or recent illnesses). The clinical assessment must rule out other causes of

vision loss and determine if the defect is unilateral or bilateral.

Specialized color vision tests are crucial for quantification and classification. The standard Ishihara

plates, while effective for congenital red-green defects, are often less sensitive for the subtle and

varied defects seen in acquired cases. Therefore, more precise tests are employed:

The Farnsworth D-15 Test and the Panel D-100 Test: These sorting tests require the patient to

arrange colored caps in a sequential hue order. They are highly effective in identifying the specific

axis of color confusion (protan/deutan for red-green, tritan for blue-yellow) and measuring the

severity of the confusion. The D-15 is typically used for screening, while the more rigorous D-100

provides a detailed map of the patient's color space deficiency.

The New England College of Optometry (NECO) Pseudoisochromatic Plates: These plates

are specifically designed to be more sensitive to acquired tritan defects than standard Ishihara

plates.

Electroretinography (ERG) and Visual Evoked Potentials (VEP): These electrophysiological

tests measure the electrical activity of the retina and the visual cortex, respectively, helping to

pinpoint the anatomical location of the damage (retina or optic nerve/cortex).

The results of these tests, combined with imaging studies such as Optical Coherence Tomography

(OCT) of the retina and Magnetic Resonance Imaging (MRI) of the brain and optic pathways, allow
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clinicians to accurately diagnose acquired color blindness and, more importantly, identify and treat

the underlying systemic or ocular disease responsible for the vision loss.

7. Clinical Significance and Management

The clinical significance of acquired color blindness extends beyond mere inconvenience; it serves

as a critical biomarker for serious, potentially sight-threatening, or life-threatening diseases. The

sudden onset of dyschromatopsia, particularly a red-green defect, may necessitate urgent

neurological investigation to rule out conditions such as optic neuritis or a mass lesion

compressing the optic nerve or chiasm. A blue-yellow defect, conversely, often mandates a

thorough search for underlying macular or generalized retinal diseases that require immediate

therapeutic intervention.

Management of acquired color blindness is primarily focused on addressing the underlying

etiology. If the cause is reversible (e.g., toxic medication, inflammation from optic neuritis), the

color vision deficit may improve or resolve upon treatment of the primary condition. For example,

steroid treatment for acute optic neuritis can often lead to a significant, though sometimes

incomplete, recovery of chromatic vision. However, if the damage results from chronic

neurodegeneration or infarction (stroke leading to cerebral achromatopsia), the color vision loss is

often permanent.

When the condition is permanent, management shifts to rehabilitation and adaptation. Since there

are no universally effective corrective lenses or medical treatments for permanent acquired

dyschromatopsia, patients rely on compensatory strategies. These strategies include using tactile

cues, relying more heavily on brightness and saturation differences rather than hue, and utilizing

technological aids such as specialized apps that label colors for them. Counseling is also essential,

helping patients cope with the profound psychological and practical impact of losing the perception

of color in a world reliant on chromatic cues.

Further Reading

Color blindness - Wikipedia

Acquired Color Vision Deficiency - American Academy of Ophthalmology

Acquired Color Vision Defects: Diagnosis and Management
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