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B WAVE OF ELECTRORETINOGRAM

Primary Disciplinary Field(s): Ophthalmology, Neuroscience, Vision Science

1. Core Definition

The B wave of the electroretinogram (ERG) is recognized as the largest and most characteristic

component of the retinal electrical response elicited by a flash of light. It is defined as the large,

positive electrical potential that follows the initial small negative deflection known as the A wave.

The B wave reflects the electrical activity generated primarily by the inner nuclear layer of the

retina, signaling the integrity of the synaptic connections between the photoreceptors and the

subsequent retinal neurons, specifically the bipolar cells.

This prominent waveform is essential for assessing global retinal function. Its amplitude and

implicit time--the latency from the stimulus onset to the peak of the wave--serve as critical metrics

for clinicians and researchers. A robust B wave indicates healthy function of the post-receptor

neural pathway, particularly the activity of the ON-bipolar cells and the supportive current flow

generated by the Müller glial cells. The measurement of this potential requires stimulating the eye

with a controlled light source and recording the resulting electrical activity via an electrode placed

directly on the corneal surface or embedded in a contact lens.

2. Physiological Origin and Mechanism

While the electrical response of the retina is complex and multifaceted, the physiological genesis of

the B wave is primarily localized to the inner layers of the retina, specifically the inner nuclear layer

(INL). The cellular origins are chiefly attributed to the depolarization of the ON-bipolar cells and

the corresponding potassium buffering action provided by the Müller glial cells.

The sequence of events begins with light striking the photoreceptors (rods and cones), resulting in

their hyperpolarization (the A wave). This hyperpolarization leads to a reduction in the release of

glutamate at the photoreceptor terminals. This synaptic change then stimulates the bipolar cells.

Specifically, the ON-bipolar cells are depolarized by this decrease in glutamate, initiating the

cascade that generates the large positive current recorded externally as the B wave. The Müller

cells, which span the entire thickness of the neural retina, play a critical role by spatially buffering

the potassium ions released during neuronal activity, thereby contributing significantly to the overall

amplitude and waveform shape of the B wave.

This dual cellular contribution means that the B wave serves as an indirect but powerful measure

of synaptic transmission efficiency and the health of the retinal infrastructure responsible for signal

summation and transfer from the outer retina to the ganglion cells. Damage or dysfunction affecting

either the bipolar cells or the Müller cells will result in a measurable reduction in B wave amplitude,
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often disproportionate to the damage observed in the photoreceptors themselves.

3. Measurement and Recording

The electroretinogram (ERG) procedure is the standard method for recording the B wave. This

involves placing a recording electrode on the corneal surface, typically via a specialized contact

lens electrode or a small fiber electrode placed directly on the cornea. A reference electrode is

usually placed on the forehead or temple, and a ground electrode is placed elsewhere on the face

or earlobe. The subject's eye is stimulated using a controlled flash of light, often within a Ganzfeld

bowl, which ensures homogenous illumination of the entire retina.

To isolate specific components of retinal function, standardized protocols are employed, such as

the full-field ERG (ffERG) as defined by the International Society for Clinical Electrophysiology of

Vision (ISCEV). These protocols dictate specific parameters, including the subject's dark

adaptation state (to separate rod and cone responses), light intensity, and frequency of stimulation.

For instance, the B wave measured under scotopic (dark-adapted) conditions is generated

primarily by rod-bipolar pathways, while photopic (light-adapted) measurements primarily reflect

cone-bipolar pathways.

The resulting electrical signal is amplified and digitized, allowing for precise quantification of the B

wave's defining parameters. Given the clinical necessity for a stable recording environment, the

corneal surface is often anesthetized prior to electrode placement, fulfilling the condition mentioned

in early definitions of the ERG procedure. The quality of the B wave recording is sensitive to factors

such as electrode placement, ocular media clarity, and fixation stability, necessitating careful

technique to ensure valid diagnostic results.

4. Key Characteristics (Parameters)

The B wave is quantified based on two primary parameters: Amplitude and Implicit Time. These

metrics provide distinct yet complementary information regarding the functional state of the retina,

allowing for the differential diagnosis of various retinal disorders.

The Amplitude of the B wave is traditionally measured from the trough of the preceding A wave

(the point of maximum negative deflection) to the peak of the B wave (the point of maximum

positive deflection). This measurement reflects the total mass electrical activity generated by the

bipolar and Müller cells, essentially representing the functional output capacity of the inner retina. A

reduction in amplitude signifies a decline in the health or number of cells contributing to the

response, often seen in widespread retinal degenerations or ischemic events.

The Implicit Time (or peak time) is the duration, measured in milliseconds, from the precise

moment of the light stimulus onset to the peak of the B wave. This parameter is a measure of the
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speed of retinal signal processing. An abnormally delayed implicit time suggests slowed

transmission through the retina, which can be indicative of conditions affecting synaptic efficiency

or metabolic deficits, even if the overall amplitude remains relatively preserved. Therefore, both

amplitude and implicit time must be evaluated against established normative data for accurate

interpretation.

5. Clinical Significance and Applications

The clinical utility of the B wave measurement is profound, serving as a cornerstone diagnostic tool

in ophthalmology for assessing inherited and acquired retinal diseases. Since the B wave reflects

the function of the inner retina, its analysis helps differentiate diseases primarily affecting the outer

layers (photoreceptors) from those affecting the inner layers (bipolar cells, Müller cells, and blood

supply).

Inherited Retinal Dystrophies: In conditions like Retinitis Pigmentosa, the ERG shows a

progressive reduction in both A and B wave amplitudes, reflecting widespread photoreceptor and

subsequent inner retinal loss. Conversely, in Congenital Stationary Night Blindness (CSNB), the

photoreceptors may function normally (producing a normal A wave), but the synaptic transmission

to the bipolar cells is impaired, resulting in a severely reduced or absent B wave (a condition

known as electroretinographic "negative ERG").

Vascular Disease and Ischemia: The B wave is highly sensitive to retinal vascular compromise.

Conditions like central retinal artery or vein occlusion lead to inner retinal ischemia, often resulting

in a marked and rapid reduction of the B wave amplitude, sometimes creating a transient negative

ERG pattern, as the inner, metabolically demanding cells are affected before the photoreceptors.

Drug Toxicity Monitoring: The B wave is routinely monitored when patients are taking

medications known to be potentially retinotoxic. Significant changes in B wave parameters can

alert clinicians to early retinal damage, allowing for intervention before irreversible vision loss

occurs.

6. Relationship to Other ERG Waves

The B wave is positioned within a sequence of electrical responses that together form the full

electroretinogram tracing. Understanding its relationship to the surrounding waves is crucial for

functional mapping of the retina.

The B wave is immediately preceded by the A wave, which is the initial negative deflection. The A

wave is generated by the hyperpolarization of the photoreceptors (rods and cones). The relative

amplitudes of the A wave and B wave provide insight into the location of a pathology: if the A wave

is lost but the B wave is disproportionately reduced (or inverted), the issue is likely at the
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photoreceptor-bipolar synapse (e.g., CSNB). If both are severely reduced, the pathology is

widespread, affecting the photoreceptors directly (e.g., advanced retinitis pigmentosa).

Riding on the ascending limb of the B wave are the Oscillatory Potentials (OPs). These are high-

frequency, small-amplitude wavelets generated by spiking activity in the amacrine cells. OPs are

highly sensitive to retinal circulation and ischemia. While considered separate components, their

measurement is often intertwined with B wave analysis, as abnormalities in the OPs often

accompany changes in B wave amplitude in vascular diseases like diabetic retinopathy.

7. Debates and Criticisms

While the B wave is a standard clinical measure, its interpretation involves certain complexities and

areas of ongoing scientific debate. One major criticism revolves around its precise cellular

contribution. Although Müller cells and ON-bipolar cells are the primary generators, researchers

continue to refine models that account for the contributions of other cell types, such as the OFF-

bipolar cells or the horizontal cells, whose influence might be subtle but significant under specific

stimulation conditions.

Furthermore, a significant practical limitation of the full-field ERG, and thus the B wave, is that it

provides only a mass response, averaging the electrical activity across the entire retina. This

global measure cannot localize focal retinal damage, such as macular degeneration or small

scotomas. Techniques like multifocal ERG (mfERG) or pattern ERG (PERG) were developed

precisely to address this limitation by providing localized or ganglion cell-specific functional data,

complementing the generalized information provided by the B wave.

Variability in B wave measurements, stemming from factors like inter-subject differences, variation

in corneal electrode contact, and slight shifts in the state of dark or light adaptation, necessitates

strict adherence to standardized ISCEV protocols to ensure reliable comparative data. Despite

these limitations, the B wave remains the single most important objective electrophysiological

marker for evaluating the viability and function of the neural retina.

Further Reading

Electroretinography (Wikipedia)

Bipolar Cell Physiology (Wikipedia)

Basic and Clinical Science Course, Section 12: Retina and Vitreous (American Academy of

Ophthalmology)
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