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PERIMETRY

Introduction to Perimetry: Definition and Scope

Perimetry, derived from the Greek words meaning "around" and "measure," is the sophisticated
diagnostic process utilized to systematically measure the extent and sensitivity of the visual field.
The visual field encompasses the entire area that can be seen by the eye when gaze is fixed on a
central point, defining the functional integrity of the visual pathways extending from the retina
through the optic nerve and chiasm to the visual cortex. This measurement is not merely a
descriptive assessment but a critical quantitative diagnostic tool, essential for clinicians in both
ophthalmology and neurology, providing objective evidence of functional damage that may not be
apparent through structural examination alone. Understanding perimetry requires an appreciation
of its core purpose: to map the sensitivity thresholds of vision across various spatial locations,
thereby identifying and characterizing areas of vision loss, known as scotomas.

The scope of perimetry extends far beyond a simple assessment of peripheral vision; it is deeply
rooted in neurophysiology, reflecting the complex spatial organization of retinal ganglion cells and
their axonal projections. The test allows practitioners to create a detailed topographical map of
sensitivity, often expressed in decibels (dB), where higher values indicate greater visual sensitivity.
This mapping process is crucial because many sight-threatening diseases, particularly glaucoma,
initially cause subtle, asymptomatic losses in the peripheral or mid-peripheral visual field before
affecting central acuity. Therefore, perimetry serves as the functional counterpart to structural
imaging technologies, ensuring that early signs of pathology are detected before irreversible
damage occurs. The consistent and standardized nature of modern perimetric testing enables
longitudinal monitoring, allowing clinicians to track disease progression or evaluate the efficacy of
treatment interventions over time.

Clinically, the results obtained from perimetric examinations guide crucial management decisions.
For instance, the precise location and depth of a visual field defect can localize a neurological
lesion, differentiating between damage to the optic nerve head, the optic chiasm, or the post-
chiasmal pathways in the brain. Furthermore, the test helps distinguish between functional visual
complaints and organic disease, providing an objective metric against subjective patient reports.
The accuracy of perimetric data relies heavily on sophisticated instrumentation and strict testing
protocols designed to minimize patient fatigue and ensure reliable data capture, emphasizing its
role as a high-precision diagnostic modality within the broader field of vision science.

Historical Development and Significance

The origins of visual field testing date back to rudimentary methods, primarily the confrontation
visual field test, where the examiner compares their own visual field to that of the patient. While
useful for rapid screening, these early techniques lacked the precision and standardization
required for diagnosing subtle or progressive pathologies. The first significant technological leap
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came with the introduction of the tangent screen and subsequently, mechanical perimeter devices
in the late 19th and early 20th centuries. These instruments provided a quantifiable, though still
largely subjective, means of plotting the visual field, marking a crucial step towards modern visual
function assessment. However, variability in light source, testing speed, and human plotting error
limited the reproducibility of these results.

The single most pivotal development in the history of perimetry was the invention of the Goldmann
kinetic perimeter by Hans Goldmann in the mid-20th century. This instrument standardized the
testing environment by utilizing a uniform white bowl and calibrated light stimuli of fixed size and
intensity, allowing for the precise measurement of isopters--lines connecting points of equal visual
sensitivity. The Goldmann perimeter revolutionized the field, providing a reliable, reproducible
method for kinetic perimetry that became the global standard for decades. Its kinetic approach,
moving a target from non-seeing to seeing areas, was particularly effective for mapping the overall
extent of the visual field and characterizing large, deep scotomas, establishing a foundation upon
which all subsequent automated technologies would build.

The transition from manual kinetic perimetry to automated static perimetry in the late 1970s and
1980s marked the dawn of the modern era. Computerized perimeters, such as the Humphrey Field
Analyzer, introduced statistical analysis, objective reporting, and threshold determination
algorithms. This automation eliminated much of the inter-examiner variability inherent in manual
testing and allowed for the detection of shallower, more localized defects that often precede
widespread vision loss. The significance of this shift lies in its ability to provide statistically
defensible data, comparing patient results against normative databases to determine the
probability of abnormality, thereby enhancing the sensitivity and specificity of visual field testing,
especially in the longitudinal management of conditions like glaucoma.

Anatomy and Physiology of the Visual Field

The visual field is a direct functional representation of the integrity of the complex neuroanatomical
visual pathway. Light entering the eye is focused onto the retina, where photoreceptors transduce
the signal. This signal is then processed by retinal neurons, ultimately relayed by the axons of the
retinal ganglion cells, which converge to form the optic nerve. The organization of these nerve
fibers is highly topographical, meaning that specific locations in the visual field correspond
precisely to specific bundles of nerve fibers within the optic nerve head. Pathology affecting the
nerve head, such as elevated intraocular pressure in glaucoma, results in predictable patterns of
field loss that respect the anatomical arrangement of these nerve fiber bundles, typically leading to
arcuate scotomas.

A critical anatomical landmark is the optic chiasm, where the nasal (medial) fibers from both eyes
cross over (decussate) to the opposite side of the brain, while the temporal (lateral) fibers remain
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uncrossed. This partial crossing ensures that the visual information from the left half of the visual
field (seen by the temporal retina of the left eye and the nasal retina of the right eye) is processed
exclusively by the right hemisphere, and vice versa. Lesions occurring before the chiasm affect
only one eye; lesions at the chiasm typically cause bitemporal hemianopsia (loss of the temporal
fields); and lesions posterior to the chiasm, such as in the optic tract or visual cortex, cause
homonymous hemianopsia, affecting the same side of the visual field in both eyes.

The visual field is traditionally divided into four quadrants: superior temporal, inferior temporal,
superior nasal, and inferior nasal. The central 30 degrees of the field, which corresponds to the
macula and fovea (the area of highest visual acuity), is crucial and is tested most intensively by
modern automated perimeters. The physiological blind spot, a normal finding in the temporal field,
corresponds to the optic disc, the point where the optic nerve exits the eye and where there are
no photoreceptors. Perimetry must meticulously map both the high sensitivity of the central vision
and the expansive, lower resolution of the peripheral field, as damage to these areas indicates
involvement of different parts of the visual pathway and often distinct disease processes.

Types of Perimetry: Static versus Kinetic

Modern clinical perimetry is fundamentally categorized into two primary methods: static perimetry
and kinetic perimetry, each serving distinct diagnostic purposes and utilizing different approaches
to stimulus presentation. Kinetic perimetry involves moving a target of fixed size and brightness
(a specific Goldmann stimulus) from an area where it is not perceived into an area where it is
perceived. The movement is typically performed along several meridians, and the points at which
the target becomes visible are connected to form an isopter, which represents a line of equal
sensitivity. This method excels at determining the outermost boundaries of the visual field and
mapping the precise shape and extent of large scotomas, providing a quick, intuitive topographical
overview of the field. The Goldmann perimeter remains the classical example of a kinetic testing
device, often reserved today for mapping extreme peripheral defects or complex, non-standard
field losses.

In contrast, static perimetry is the dominant methodology employed in automated field analyzers,
where the stimulus is presented at fixed, predetermined locations within the visual field, and the
brightness of the stimulus is systematically varied to determine the patient's threshold sensitivity at
that specific point. The standard procedure involves using a staircase algorithm: the stimulus is
initially presented at a suprathreshold level; if seen, the brightness is decreased until the patient no
longer perceives it; if not seen, the brightness is increased until it is perceived. This process
accurately quantifies the minimum light intensity required for detection at numerous points across
the field. Static perimetry is significantly more effective than kinetic testing at detecting early,
shallow defects, as it focuses on precise threshold determination rather than boundary mapping.
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The choice between static and kinetic methods depends heavily on the suspected pathology. Static
perimetry, particularly tests focusing on the central 24 or 30 degrees, is the undisputed standard
for monitoring progressive diseases like glaucoma because it reliably identifies subtle, early losses
in sensitivity (depressions in the hill of vision). Kinetic perimetry, while less sensitive for early
glaucomatous changes, remains valuable for non-glaucomatous conditions where the entire field
boundary needs to be assessed, such as advanced retinal detachment, neurological lesions
affecting the outer field, or when evaluating the residual vision in patients with severely contracted
fields. Automated static perimetry provides the standardized data necessary for statistical
comparison against age-matched controls, forming the cornerstone of objective visual field
analysis in contemporary clinical practice.

Instrumentation and Techniques

The primary instrument used for modern visual field testing is the automated perimeter, commonly
referred to as a visual field analyzer, which is essentially a specialized computing device housed
within a uniform, light-diffusing bowl or dome. Key components include the projection system for
displaying light stimuli (typically a white light of standardized size and duration, often 200
milliseconds), a central fixation target, and a responsive mechanism (a handheld button) used by
the patient to indicate when a stimulus is perceived. Critical to the success of automated perimetry
is the ability to monitor and compensate for patient eye movements and fixation stability.
Techniques such as the Heijl-Krakau technique, which periodically projects stimuli into the known
blind spot, or infrared cameras, are employed to ensure the patient maintains steady fixation, as
unreliable fixation can introduce significant artifacts into the results.

The efficiency and accuracy of automated perimetry are largely determined by the testing strategy
employed, which dictates how the threshold is determined at each tested point. Historically, full
threshold methods were used, but these were lengthy and led to high rates of patient fatigue and
unreliable results. The development of faster, clinically optimized algorithms, most notably the
SITA (Swedish Interactive Thresholding Algorithm), revolutionized the field. SITA uses
complex statistical prediction models based on adjacent point data and normative values to
estimate the threshold much faster than traditional methods, often reducing testing time by half
while maintaining diagnostic accuracy. This improvement in efficiency is crucial for the reliability of
the test, as patient compliance and vigilance decline rapidly during prolonged testing sessions.

Beyond standard white-on-white automated perimetry (SAP), specialized techniques have been
developed to target specific subsets of nerve fibers, allowing for potentially earlier detection of
disease. Short-Wavelength Automated Perimetry (SWAP) uses a blue stimulus on a yellow
background to isolate the short-wavelength sensitive (blue-yellow) visual pathway, which is
hypothesized to be damaged early in glaucoma. Another advanced technique is Frequency
Doubling Technology (FDT) Perimetry, which uses low spatial frequency, high temporal
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frequency flickering gratings to selectively stimulate the magnocellular pathway, a group of retinal
ganglion cells also thought to be vulnerable in early disease. While SAP remains the gold
standard, these specialized techniques offer complementary information, particularly in screening
high-risk populations or confirming very early signs of visual dysfunction.

Clinical Applications and Interpretation of Results

The most widespread and critical application of perimetry is the diagnosis, staging, and monitoring
of glaucoma. Glaucoma is characterized by progressive damage to the optic nerve, leading to
characteristic patterns of visual field loss that correspond to the anatomy of the damaged nerve
fibers. Typical glaucomatous defects include the nasal step (a sharp difference in sensitivity across
the horizontal midline), arcuate scotomas (curved defects following the path of the nerve fibers),
and paracentral scotomas (localized areas of loss close to the central fixation point). Perimetry
provides essential functional data that complements structural measurements (like OCT imaging of
the nerve fiber layer) and is necessary to classify the severity of the disease and guide treatment
intensity, as the goal of therapy is to prevent further functional decline.

Perimetry is equally invaluable in neuro-ophthalmology for localizing lesions within the visual
pathway. The specific pattern of the field defect dictates the anatomical site of the pathology: a
defect respecting the vertical midline suggests a lesion posterior to the chiasm; a bitemporal loss
suggests a lesion compressing the chiasm (e.g., a pituitary tumor); and a monocular defect
suggests pathology in the optic nerve or retina. For instance, a posterior cerebral artery stroke
often causes a congruous homonymous hemianopsia, meaning the defect is identical in both eyes
and respects the vertical midline, indicative of damage to the visual cortex. Perimetry charts are
therefore indispensable tools for neurologists and neurosurgeons in guiding imaging studies and
surgical planning.

Interpretation of perimetric results relies on sophisticated statistical analysis and graphical
representation. Results are typically presented in several formats: a gray scale map, which
provides a visual, intuitive representation of the depth of the defect; a numerical plot, showing the
measured sensitivity (in dB) at each tested point; and several statistical indices. Key indices
include the Mean Deviation (MD), which indicates the overall average deviation of the patient's
field from the age-matched normal, reflecting generalized loss; and the Pattern Standard
Deviation (PSD), which quantifies the localized irregularity of the field, crucial for identifying focal
defects characteristic of glaucoma. Clinicians analyze these plots alongside reliability indices
(fixation losses, false positives/negatives) to ensure the validity of the test before making a
diagnostic conclusion.

Common Conditions Diagnosed by Perimetry

Encyclopedia of psychology encyclopedia.arabpsychology.com



https://encyclopedia.arabpsychology.com/?p=17330
https://encyclopedia.arabpsychology.com
https://encyclopedia.arabpsychology.com

PERIMETRY

While glaucoma constitutes the largest cohort of patients undergoing regular perimetric testing, a
wide array of other ophthalmic conditions are diagnosed and monitored using this technology.
Retinal diseases, such as advanced retinitis pigmentosa, characteristically cause severe
constriction of the peripheral visual field, often leaving a small area of central vision intact (tunnel
vision). Retinal detachments or large choroidal lesions may also produce corresponding localized
scotomas. Optic neuropathies, including optic neuritis or ischemic optic neuropathy, typically
present with central or centrocecal scotomas, reflecting inflammation or poor blood supply to the
central bundles of the optic nerve. Perimetry provides the objective evidence of the functional
impact of these structural changes.

Neuro-ophthalmic pathologies represent a crucial diagnostic area for perimetry. The predictable
anatomical organization of the visual pathways means that specific defects reliably map to specific
lesion sites.

Bitemporal Hemianopsia: Loss of the temporal fields in both eyes, indicative of compression at
the optic chiasm, most commonly due to a pituitary adenoma.

Homonymous Hemianopsia: Loss of the same side of the visual field (e.g., the entire left field) in
both eyes, indicative of a lesion posterior to the chiasm, typically a stroke, tumor, or trauma
affecting the optic tract, lateral geniculate nucleus, or visual cortex.

Quadrantanopsia: Loss of one quadrant of the visual field, often resulting from partial damage to
the visual cortex or the optic radiations (Meyer's loop or parietal lobe fibers).

The precise congruity and respect for the vertical midline in homonymous defects are essential
distinguishing features confirmed by perimetric plotting.

Furthermore, perimetry plays a vital role in monitoring systemic drug toxicity. Certain medications,
notably antimalarials such as hydroxychloroquine or chloroquine, which are used to treat
autoimmune diseases, carry a risk of causing irreversible retinal damage (maculopathy). This
damage often begins with subtle, paracentral scotomas that can be detected through highly
sensitive central visual field testing (e.g., 10-2 testing) before structural changes are evident or the
patient becomes symptomatic. Therefore, specialized perimetric testing is mandated as part of the
safety monitoring protocol for patients on long-term treatment with these potentially toxic agents,
ensuring that functional loss is identified at the earliest possible stage.

Challenges and Future Directions

Despite its sophistication, perimetry is fundamentally a subjective test, meaning its accuracy is
heavily dependent on the patient's cooperation, attention span, physical comfort, and ability to
understand and execute the task. A major challenge involves patient reliability; factors such as
fatigue, inattention, or intentionally misleading responses can introduce significant artifacts.
Clinicians must meticulously evaluate reliability metrics reported by the perimeter, including False
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Positives (responding when no stimulus was shown), False Negatives (failing to respond to a
clearly visible stimulus), and Fixation Losses. High scores in these categories render the test
unreliable, necessitating repeat examination. Artifacts caused by physical factors, such as
spectacle rims, ptosis (droopy eyelid), or media opacities (e.g., cataract), must also be carefully
managed and accounted for during interpretation.

The time commitment required for accurate threshold determination remains a persistent
challenge, especially for elderly patients or those with cognitive impairments. Although algorithms
like SITA have significantly reduced testing time, the inherent need for patient concentration over
several minutes can still lead to unreliable results, particularly in advanced disease where the
patient must discern very faint stimuli. To address these issues, research is focused on developing
more patient-friendly and objective testing methodologies. One promising area is Virtual Reality
(VR) Perimetry, which utilizes head-mounted displays to deliver the test stimuli. VR systems offer
portability, potentially greater patient engagement, and the ability to control the environment more
precisely, reducing dependence on large, fixed bowl perimeters.

The integration of Artificial Intelligence (Al) and Machine Learning (ML) represents the most
significant future direction for perimetry. Al algorithms are being trained to analyze vast databases
of perimetric results, allowing them to identify subtle, complex patterns of field loss that may be
difficult for the human eye to detect. This improved pattern recognition promises to enhance the
accuracy of early diagnosis, better predict the rate of disease progression, and distinguish between
true pathology and testing artifacts with greater confidence. By combining Al analysis of functional
perimetric data with structural imaging data (OCT), clinicians are moving toward a comprehensive,
fully integrated approach to visual pathway assessment, paving the way for personalized treatment
strategies based on highly precise, objective measures of visual function decline.
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