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GLAUCOMATOUS VISUAL FIELD LOSS

MAJOR POINTS

Glaucomatous damage to the optic nerve head causes a loss of visual function. Central visual acuity is relatively

resistant to glaucomatous damage; therefore decreases in Snellen acuity occur very late in glaucoma. The peripheral



vision is more susceptible to glaucomatous damage, so the patient generally shows marked changes in the peripheral

field of vision before any changes are noted in central visual acuity. Perimetry, which is used to quantify the patient's

visual field, is useful both for diagnosing glaucoma and for following the patient to determine whether glaucoma is

progressing.

THE VISUAL FIELD
The visual field can be compared with a topographic map of an island. Traquair proposed the concept of "an

island of vision surrounded by a sea of darkness" (Fig. 6-1). Considering the visual field to be like a topographic map

makes interpretation easier. In this scheme the height of the island correlates to the sensitivity of the retina. The

patient's vision is most sensitive at the fovea, and sensitivity decreases towards the periphery. In the "island of vision" a

deep well represents the blind spot. The blind spot is an absolute visual field defect caused by the optic nerve head,

which has no overlying retina.

The approximate measurements of the visual field (to the maximum size target) are as follows: superior 60°;

inferior 70° to 75°; nasal 60°; and temporal 100° to 110° (Table 6-1). The blind spot is roughly 15° temporal to the

point of fixation. The visual field becomes depressed with age such that the I2e isopter on kinetic perimetry in a normal

80-year-old individual will be markedly smaller than the same isopter in a normal 20- year-old.

PERIMETRIC TECHNIQUES
Many techniques are available for measuring the visual field, ranging from confrontation to highly automated

static threshold perimetry. To be useful for glaucoma management, a perimetric technique needs to be not only

sensitive, but also reproducible. The techniques of confrontational fields, tangent screen testing, and arc perimetry are

not sufficiently reproducible to make them useful for following the progress of patients with glaucomatous damage.

Two techniques of perimetry predominate in the management of glaucoma patients: manual kinetic perimetry (for

example, with the Goldmann perimeter) and automated static threshold perimetry (for example, with the Humphrey

Field Analyzer, the Octopus perimeter, or any of a number of other perimeters). The terms Goldmann and kinetic

perimetry are not interchangeable. The Goldmann perimeter can also be used for manual static threshold perimetry, and

other machines are also available for manual kinetic perimetry. Similarly the Humphrey Field Analyzer is capable of

performing kinetic perimetry as well as static threshold perimetry. For the purpose of serving as an introduction, this

book will concentrate on manual kinetic perimetry using the Goldmann perimeter and automated static threshold



perimetry using the Humphrey Field Analyzer, which are the most popular perimeters in their respective categories.

The basic concepts of these two systems can be applied to other kinetic or automated systems. Both of these strategies

are designed to measure the same visual field information, but the techniques each uses are very different and the

results may be slightly different.

When compared with older techniques, more modern methods have standardized testing procedures as much as

possible. The Goldmann perimeter uses a reproducible background illuminance with targets of reproducible size and

intensity. Computerized automated perimeters such as the Humphrey Field Analyzer and Octopus perimeter remove

one more variable from the equation: the perimetrist. Like the Goldmann perimeter, these devices use a carefully

calibrated, standardized background with reproducible stimuli. In addition, they employ a standardized testing strategy

that is controlled by a computer. Whereas a manual kinetic visual field examination performed on a Goldmann

perimeter may vary from institution to institution (and even from perimetrist to perimetrist within an institution), the

automated static threshold tests should be comparable from one institution to another. Unfortunately, the most variable

factor in all perimetry is the patient, and to date, no available perimetric test can remove the vagaries of the patient's

responses. Any visual field examination will vary based on the patient's mood, state of alertness, state of health, or

other factors.

A BRIEF BRUSH WITH PHYSICS
Before discussing the perimeters, a review of some basic terminology may be helpful. The background

illuminance (expressed in apostilbs) measures 31.5 apostilbs for both the Goldmann perimeter and the Humphrey Field

Analyzer. For other perimeters the background may be as dim as 4 apostilbs. The background should be bright enough

that the patient is being tested in a photopic condition.

Stimulus intensity is measured in decibels (dB) of attenuation of the stimulus light. These are not absolute values,

but are simply the amount that the maximum possible light stimulus has been attenuated using filters. The maximum

intensity is different between the Goldmann perimeter (1000 apostilbs) and Humphrey Field Analyzer (10,000

apostilbs). Therefore, an attenuation of 30 dB on one machine would not be the same as a 30-dB attenuation on the

other. A light attenuation of 10 dB is equivalent to 1 log unit, meaning that the light intensity is 1/10 as bright as the

maximum possible intensity. A 20-dB attenuation is equal to 2 log units, meaning that the light intensity is 1/100 as

bright as the maximum intensity.



Calculating the size of a scotoma in a perimeter bowl is a simple matter of equal triangles (Fig. 6-2). The size of a

retinal lesion can be calculated from the size of the scotoma measured in the perimeter bowl. Likewise, the expected

size of a scotoma can be calculated if the size of a retinal lesion is known. These sizes can be calculated through the

concept of equal triangles. The size relationship of the retinal lesion to the scotoma is the same as the relationship of the

focal length of the eye to the radius of the perimeter bowl. The focal length of the eye is about 17 mm, and the radius of

the bowl of the perimeter is 333 mm (although the Goldmann perimeter bowl is only 300 mm, and the newer automated

perimeters have even smaller bowls). However, assuming that the bowl has a radius of 333 mm, then the size of a

scotoma would be 333 divided by 17 (approximately 20). Therefore the 1.5-mm optic nerve head would project a

scotoma of approximately 30 mm inside the bowl. The recording paper presents a reduced, two-dimensional

representation of the perimetric information found in the bowl.

MANUAL KINETIC PERIMETRY
One way to map the island of vision on a two-dimensional surface would be to measure the size of the island at

varying elevations and draw the outline of the island at each elevation (much like a topographical map). As the

elevation increases, the size of the island diminishes (Fig. 6-3). Kinetic perimetry is done in essentially the same way.

Instead of elevation, the perimetrist uses size and brightness of test objects. With a large, bright test object, the

perimetrist will measure the entirety of the patient's field (similar to measuring our island of vision at sea level). With

smaller, dimmer targets, the perimetrist measures higher on the patient's island of vision, and the perceived visual field

will become smaller and smaller. A very tiny, dim target will be seen only in the fovea (Box 6-1; Figs. 6-4 to 6-7).

The control bank on the Goldmann perimeter gives a very wide selection of target sizes and intensities. The

Roman numeral refers to the size of the target. For each increase in a number (e.g., from III4e to IV4e) a fourfold

increase in the area of the target occurs (Table 6-2). One need only memorize the area of one size target, recognizing

that each larger or smaller target area is multiplied or divided by four. The Arabic numbers and letters in the settings

represent the attenuation of the light intensity in decibels. The unattenuated light intensity is 1000 apostilbs. 4e

represents unattenuated light. For each number below 4 the light is attenuated 5 dB; for each letter below e the light is

attenuated 1 dB. For example, the I4e setting is 5 dB more intense than the I3e setting and 6 dB more intense than the

I3d setting. For most kinetic perimetric examinations, only a small fraction of the potential options are used. For

example, a patient might be tested using the V4e, III4e, I4e, I2e, and (perhaps) I1e settings. The light is typically not

attenuated with larger target sizes, but only when small targets are being used.



Manual kinetic perimetry has several advantages and disadvantages when compared with automated static

threshold perimetry (Box 6-2). Manual kinetic perimetry is more patient-friendly and is often preferable with patients

who have short attention spans or are otherwise challenged by testing procedures (this includes very young and very

old patients). If the patient lives far away and repeat testing will not be possible, manual kinetic perimetry might be

preferable because it does not have as much of a learning curve as automated static threshold perimetry. Furthermore,

manual kinetic perimetry is often preferable for patients with end-stage disease and patients with pathology in the far

periphery, and it is also reasonable to perform if a large baseline set of manual kinetic fields for the patient already

exists.

The strategy employed for glaucoma testing with the Goldmann perimeter is the Armaly-Drance technique,

which tests the periphery with kinetic targets and the central field with static targets (Fig. 6-8). After the isopters have

been determined for varying targets, a stimulus is found that is just above the threshold for 25°. This stimulus is then

used to statically test the central field, searching for small scotomas. Because of the superonasal and inferonasal

tendency in glaucomatous visual field loss, the nasal meridian is tested with particular care. The same stimulus is then

used to map the blind spot.

Most institutions have a standard set of colors for use with the various isopters. Defects are filled in with the

smallest or dimmest target that can be seen. This permits determination of the depth of the scotoma. A scotoma

observed with the V4e target is worse than a similar sized defect observed with the I4e target (Fig. 6-9). The examiner

can also determine the steepness of the scotoma. A wide transition between isopters indicates a shallow slope to the

scotoma, whereas a narrow transition zone between isopters in a scotoma indicates a steep scotoma (Fig. 6-10).

AUTOMATED STATIC THRESHOLD PERIMETRY
With kinetic perimetry we were looking at the size of the island of vision at various heights and drawing a map of

the island using this information. In static threshold perimetry we map the island of vision using a different technique.

Imagine determining the thickness of an island at a predetermined number of points, then using these data to construct a

map of the island interpolating between the points tested (Fig. 6-11). In the classic "30-2" test on the Humphrey Field

Analyzer, 76 points are tested over the patient's central 30° of vision. The examiner then determines a threshold of light

sensitivity for each of these points. This intensity of the stimulus is seen 50% of the time, and it can be likened to the

depth or thickness of an island at each of these points. A map is then constructed using a grayscale to graphically



represent the sensitivity of the patient's field of vision (or height of the metaphorical island of vision) interpolating

between these 76 points.

The Humphrey Field Analyzer has several options for measuring the visual field (Figs. 6-12, 6-13, 6-14). This

chapter concentrates on the full threshold strategy, which is the most appropriate for following the progress of

glaucoma cases (Fig. 6-15). Threshold values are determined by presenting a stimulus to a point that is slightly brighter

than the expected threshold. For each stimulation the light is presented for 0.2 seconds. If the stimulus is seen, the

perimeter will return at a later time and project a light that is dimmer by 4 dB, continuing to do so until the stimulus is

not seen. Once the threshold has been crossed, the stimulus is increased in 2-dB increments until the threshold is

crossed again. If the original stimulus is not seen, the point is repeatedly tested using stimuli that are 4 dB brighter each

time. Once the threshold has been crossed, the next stimulus presented is 2 dB less bright, and the threshold is

determined. Automated perimeters do not continuously test the same point, but they will test other points and then

return to test the point with a brighter or dimmer stimulus. This prevents the patient from shifting fixation to the area

being studied and prevents the point from becoming light adapted. Automated static threshold perimetry has several

advantages and disadvantages, which are outlined in Box 6-3.

The following section dissects a Humphrey Field Analyzer 30-2 printout. At first glance these printouts are rather

confusing because of the large amount of information on the page. One way to approach this is to take a single visual

field and work through all of the numbers and data presented. Figure 6-16 shows the Humphrey perimetry results of a

patient with superior visual field loss from glaucoma. The following sections break this field down into its component

parts and provide an explanation of what each part means.

Test Information

The material at the top of the page reveals that this is a single field printout on the right eye. Furthermore, it

provides the patient's name, number, and date of birth. Like most of the demographic and testing information, these are

data that are rarely examined in detail. However, whenever the field unexpectedly worsens or improves, these numbers

may solve a mystery. Fig. 6-17 shows the patient's same visual field, in which the total deviation and mean deviation

(MD) have dramatically worsened. Examining the test information reveals that the patient's date of birth was

mistakenly entered as "1987" rather than "1927." As a result, the patient was compared to the standard for a 9-year-old

rather than the standard for a 69-year-old.



The phrase "Central 30-2 Threshold Test" indicates how the field was tested. The number "30-2" refers to the

degrees tested and the placement of the points within the tested area. In a 30-2 test, the "30" refers to the fact that the

central-most 30° were tested. Options for patients with glaucoma include 10°, 24°, 30°, 30°/60°, and macula. Fig. 6-18

demonstrates the use of a 10-2 test in a patient whose 30-2 test had so much peripheral loss that nothing could be

gained by testing outside the central area. For patients in whom the pathology is confined to the central few degrees,

using a 10-2 program is wiser because the testing area is concentrated in the region of interest. For glaucoma patients,

most practitioners use either a 30-2 or 24-2 program. The 24-2 program eliminates one row of peripheral points. In

exchange for losing a small amount of information, the test time is decreased. This can be beneficial because, in

general, shorter test times improve patient performance. If the patient has more peripheral pathology, the examiner can

use a 30/60-2 program to test the next 30° outside of the central 30° (Fig. 6-19). Manual kinetic perimetry, however, is

a better way of looking at the periphery. The Humphrey Field Analyzer has more problems with rim artifacts than the

Goldmann perimeter, and the combination of the 30-2 and 30/60-2 programs makes the test too long to be tolerable.

The second number refers to the point location. For example, a 30-1 program measures points along the vertical

and horizontal meridian and then every 6° (Fig. 6-20). The problem with this strategy is that the points along the

horizontal and vertical meridian may fall either on the affected or unaffected side. For example, in a patient with a

neuro-ophthalmologic deficit with a vertical field cut, points exactly on the vertical meridian may either be seen or not

seen and thus are not particularly helpful. Similarly, in the case of optic nerve lesions, points along the horizontal

meridian may either be seen or not seen, making that particular row rather unhelpful. This problem was corrected with

the −2 strategy. For example, in the 30-2 program the points are tested 3° above and below the horizontal meridian, 3°

to the left and right of the vertical meridian, and then every 6° (Fig. 6-21). This eliminates the ambiguity of the points

that are tested right along the vertical and horizontal meridian. In general, strategies using the −2 terminology are more

appropriate than the −1 strategies for both optic nerve and neuro-ophthalmologic examination.

Next the printout shows that this is a threshold test. A threshold strategy is appropriate for almost all ophthalmic

evaluations when disease is strongly suspected or when following the progression or improvement of a disease. If this

example were from a screening test, the printout would reveal which screening strategy had been employed.

Reliability Indices

This section of the printout records the means of fixation monitoring. Blindspot means that fixation was

monitored using the Heijl-Krakau method. In this technique the blindspot is mapped early, then test targets are placed



intermittently within the previously mapped blind spot. If the patient responds, the examiner should assume that a loss

of fixation occurred, such that the blind spot is no longer positioned where it should be. The fixation target is typically

a central light. Variations occur when the patient has such poor central acuity that a larger diamond pattern of lights

must be used for the patients to determine where to fix their gaze.

The next thing shown on the printout is fixation losses. As mentioned previously, this number is derived using the

Heijl-Krakau method. Fixation losses must be interpreted in light of the entire visual field. If many fixation losses occur

(as well as false positives, false negatives, or high short-term fluctuation [SF]), the field is probably unreliable. If the

other parameters are excellent but a fair number of fixation losses occur, the blind spot may have been mapped

incorrectly and the field may be valid. In the newer Humphrey Field Analyzers a gaze tracker is also available. This

device, which objectively measures fixation, is discussed later in this chapter.

False positive errors are calculated when the perimeter intermittently reproduces the shutter sound without

projecting a light. When the patient responds, this is recorded as a false positive. These fields can also be recognized by

a very high mean deviation (MD) and abnormally light (even white) areas on the gray scale printout (Fig. 6-22). False

positive errors are most commonly seen in young patients. The patient may be anxious about not seeing as many

stimuli as expected. When reassured that normal individuals will not see half of the stimuli presented, these patients

generally perform better. Consequently, this is usually a curable problem.

False negative errors are calculated when the perimeter projects a light 9 dB brighter than the measured threshold

onto a spot that has already been tested. If the patient fails to respond, the machine records a false negative. Although

this may be an early finding in optic nerve disease, it is usually seen in patients who are losing their attention because

they are tired or incapable of performing this test. Sometimes patients will only respond to the first few stimuli,

resulting in a characteristic cloverleaf-shaped field (Fig. 6-23). These patients may never do well on automated

perimetry. They may perform better on manual kinetic perimetry, or it may be necessary to follow their progress

without perimetry.

The test duration printout is self-explanatory. In general, the longer a test takes, the more attention and reliability

become problems.

The foveal threshold is the next data recorded. The perimeter has a camera at the fixation point so that no lights

can be projected into the very center of the bowl. To measure the patient's fovea, a diamond-shaped cluster of lights is

presented on the inferior portion of the bowl at the beginning of the examination (Fig. 6-24). Patients are asked to fix



their gaze in the center of this pattern of lights, and the foveal threshold is then determined. After measuring the foveal

threshold, patients are asked to refix their gaze on a central fixation target. The patient occasionally will fail to do this

and will perform the entire test looking at the lower part of the bowl. When this occurs the visual field takes on a very

characteristic appearance in which the horizontal meridian seems to be sinking below the horizon (Fig. 6-25).

Procedure and Patient Data

The material at the upper right of the illustration contains information about the testing environment and the

patient.

The default stimulus in the Humphrey Field Analyzer is equivalent to a Goldmann stimulus of III (4 mm2).

Although sizes I through V are available, only size V (64 mm2) is a practical alternative to size III. For a patient with

severe visual field loss, a size V field may yield more data than a size III field, and it allows the examiner to continue to

follow a very badly damaged visual field (Fig. 6-26). The default color is white, but other colors are available. Short-

wavelength automated perimetry (SWAP), which uses blue targets on a yellow background, is discussed later in this

chapter.

Background is listed next and, as mentioned, the background in the Humphrey Field Analyzer is the same as in

the Goldmann perimeter (31.5 apostilbs). The strategy is then noted (again) as being full threshold.

The examiner enters the pupil diameter, visual acuity, and refraction used. (The newer Humphrey Field

Analyzers measure and enter the pupil size automatically.) These parameters should be considered if the patient

demonstrates an unexpected change in visual field. New generalized depression in a visual field might be explained by

the institution of a cholinergic drop, which has significantly decreased the pupil diameter. Dilating the eyes of patients

taking cholinergics for each visual field test is often a good idea. A diffuse decrease in the patient's visual field

sensitivity could be explained by a generalized reduction in visual acuity from cataracts or another cause. In all

perimeters a correction for near is added to the distance refraction based on the patient's age and presumed

accommodative ability. If the visual field suddenly becomes globally worse, look at the prescription used for the test to

make sure that it is appropriate.

Finally, the date and time of examination and the patient's calculated age are listed.

Numeric Data

Adjacent to the reliability indices is a section containing the raw data from the test, representing the actual

threshold values for the 76 points (on a 30-2 program) that are tested in a routine exam. At least 10 points are tested



twice, and the second result is displayed in parentheses. Any point that is 5 dB above or below the expected value

(based on the adjacent points) is also retested, and that number is also given in parentheses. Fig. 6-27 shows the 10

points that are always tested twice. The test and retest values are used to determine the short-term fluctuation that will

be discussed later. Fig. 6-28 shows points that were retested because the initial value was outside the parameters that

the perimeter would expect. For example, a sensitivity that is higher peripherally than centrally would be considered

abnormal and would be retested.

This table of numeric data provides the basis for the entire visual field. Interpreting an entire field just by looking

at a sea of numbers is difficult, but whenever questions arise about the digested data, returning to the raw data is

imperative.

Grayscale

The grayscale is what all examiners really look at first. Remember that all of the points of this grayscale are

calculated from only 76 test points (on a 30-2 program) and the data are smoothed to present this nice gray picture.

Also note that the difference between a darker and lighter pattern that looks dramatic may be based on a threshold

change of only 1 or 2 dB (Fig. 6-29). Likewise, there can be a 10 dB difference between two test locations with a

change of only 1 unit in the grayscale.

Occasionally a blind spot will not be mapped on the grayscale because the blind spot may be small enough to fit

between the test points, which are separated by 6° (Fig. 6-30).

Total Deviation

Total deviation compares the patient's visual field with a bank of normal data for a patient of the same age. A

zero means that the patient has the expected threshold for that age. Positive numbers reflect a point that is more

sensitive than average for age, whereas negative numbers reflect points that are depressed compared with the average.

The statistical graph below assigns a probability value to each point, giving an indication as to whether the

amount of depression is statistically significant. The test is center-weighted, in that a point near the center depressed 6

dB is statistically significant, whereas a peripheral point depressed by the same amount is assigned less significance,

because perimetric testing is much more accurate and reproducible close to fixation than it is in the periphery (Fig. 6-

31).

Pattern Deviation



The data shown in this illustration are determined by correcting of the field for overall depression. Identifying

focal defects that lurk in a diffusely depressed field is helpful. The seventh-most sensitive non-edge point is used to

adjust the expected hill of vision for this patient. When all points have been corrected to the new hill of vision, any

points that fall below the expected value are identified. This does not help with separating fields dif-fusely depressed

because of glaucoma from fields diffusely depressed by cataracts; however, it will help with identifying a focal defect

from glaucoma in a patient with a field depressed by other causes (Fig. 6-32).

The pattern deviation plot is highly digested infor-mation. If the patient is not good at visual field testing, the

pattern deviation can yield misleading results (Fig. 6-33).

Glaucoma Hemifield Test

This test looks at clusters of points above and below the horizontal to see if there is any significant difference in

mirrored points (Fig. 6-34). The GHT describes the field as "within normal limits," "generalized reduction in

sensitivity," "abnormally high sensitivity," "outside normal limits," or "borderline." The "generalized reduction in

sensitivity" and "abnormally high sensitivity" terms mean that the patient's values in the best areas tested are lower or

higher than 99.5% of the population. "Outside normal limits" means that the difference between the upper and lower

hemifields exceeds that seen in 99% of the normal population or that the sensitivity in both an upper and lower pair of

zones is below 99.5% of the population. "Borderline" means that the difference between the upper and lower hemifields

exceeds that seen in 97% (but less than 99%) of the normal population.

In our patient's field the GHT is considered "outside normal limits" because the points above and below the nasal

horizontal are markedly different (Fig. 6-35).

Global Indices

The mean deviation (MD) calculates the mean of the deviation in the patient's results from the age-corrected

normal database. The calculation is center-weighted so that central points contribute more to the overall score than

peripheral points. In other words, the MD is the average measure of how depressed the patient's visual field is

compared with a normal person of the same age. Some patients have supranormal thresholds; in such cases, the test

would have a positive number. If the MD is a high positive number, the field should be evaluated to ensure that the

number of false positive responses is not excessive. Overall depression (i.e., an MD reduced below −2.00) in the

absence of cataract, corneal edema, miosis, or other disorder is suggestive of generalized depression resulting from

glaucoma.



The pattern standard deviation (PSD) is a measure of the difference between a given point and adjacent points.

The PSD measures focal deficit. If the entire field is depressed, the PSD will be close to zero. If an area is focally

depressed, the PSD will rise because a great difference exists between points in the scotoma and their normal adjacent

points.

The short-term fluctuation (SF) is a statistical expression of the variability between two different evaluations of

the same point. The SF looks at the 10 points that are always examined twice (see Fig. 6-27). If the number is high,

significant variability exists between two tests of the same point. Generally, a high SF means decreased reliability. If

the SF is high, the examiner should look at the raw data. The patient might have a good reproducibility in all normal

areas of the field but have marked variability at the edge of a scotoma (Fig. 6-36). A high SF in this case may not be a

sign of poor reliability. Remem-ber that increased SF can be an early visual field finding that is indicative of glaucoma.

The corrected pattern standard deviation (CPSD) is the PSD corrected for the SF. As stated previously, the PSD

compares a given point with its neighboring points, looking for variability. It is difficult to assign much weight to this

comparison if marked variability occurs when the same point is tested twice. If the SF is high, then the CPSD will be

substantially lower than the PSD because the machine is assigning less weight to the difference between points as a

result of the high degree of patient variability when retesting the same point.

Gaze Tracker

The newer Humphrey Field Analyzers employ objective gaze-tracking hardware that follows the patient's cornea

and records movements. Upward marks represent times when the eye deviated from central fixation; the taller the

spike, the greater the deviation. Downwardmarks represent times when the tracker was unable to record the patient's

fixation, such as during a blink. The patient in the example demonstrated excellent fixation. The gaze recording of the

patient shown in Fig. 6-37 demonstrates poor fixation.

OVERVIEW ANALYSIS

This section displays all visual fields of the eye in chronologic order, including the grayscale, numeric data,

probability plots for total and pattern deviation, global indices, reliability indices, visual acuity, and pupil size. There is

no need to keep all of the old printouts on single pages because comparing visual fields when they are stacked this way

is easier. Fig. 6-38 shows the overview of a patient who is losing ground to glaucoma. Fig. 6-39 shows the overview

analysis of a patient who exhibited visual field improvement after the removal of a cataract.



CHANGE PROBABILITY

This optional printout (Fig. 6-40) compares the current visual field with the merged values of two baseline fields.

It shows the change in dB from baseline fields and assigns a significance probability to the value. An open triangle

means that the field is better (with p <5%), whereas a solid triangle means that the point is worse (with a p <5%).

Choosing appropriate baseline fields is important because the first few fields may not be the best.

CHANGE ANALYSIS

This section provides a series of graphs that analyze the field changes over time (Fig. 6-41). The boxplot shows

the patient's points compared with a normal database and plots out how many of the points are above or below the

expected value. The total length of the bars is the range of all points, and the box shows the range that contains 70% of

the points.

The SF is plotted over time. One of the earliest changes in glaucoma may be an increase in short-term fluctuation.

The MD is also plotted. If five or more fields have been tested, a slope of this line is calculated and the significance is

determined based on this slope. The PSD and CPSD are also plotted over time. An increase in these values (a down-

turning line) indicates more focal loss.

OTHER OPTIONS ON THE HUMPHREY FIELD ANALYZER

Faster threshold strategies
The Humphrey Field Analyzer can calculate a visual field using stored data from previous examinations in two

ways. In the "fast threshold" strategy, the perimeter projects a light that is 2 dB brighter than the previously recorded

threshold. If the patient sees the light, the machine is done testing that point. This is analogous to testing a patient with

known 20/20 vision using the 20/25 line on the Snellen chart. If the patient sees the 20/25 line, the examiner can be

fairly comfortable that no significant change in vision has occurred. In the "full from prior data" strategy, the perimeter

again begins with a stimulus that is 2 dB brighter than that previously calculated; however, the machine then proceeds

to calculate a threshold from that starting point.

Swedish interactive threshold algorithm
The Swedish interactive threshold algorithm (SITA) is a means of testing the visual field with a Humphrey Field

Analyzer using a new strategy that dramatically reduces test time. It is available as either SITA standard or SITA fast.

The SITA standard test was intended to gather the same information as a full threshold field in much less time. The



SITA strategy is designed to use data in a more intelligent fashion so that less information has to be gathered from the

patient. The SITA test calculates expected thresholds and is thus able to begin testing close to the actual threshold. This

strategy uses the patient's age, normal and abnormal databases, and the patient's responses to calculate the expected

results for each point. These calculations are constantly updated as more information is gathered. The SITA strategy

employs frequency of seeing curves to shorten the time required to threshold each point. The SITA also customizes the

interval between test stimuli to the patient's response time. The SITA test is definitely faster, and the early results are

promising. (Note: At the time this text was written, the SITA protocol was so new that there was not enough field

experience to make a worthwhile comparison with current standard protocols.)

Short-wavelength automated perimetry
In short-wavelength automated perimetry (SWAP), the visual field is tested with a blue stimulus against a yellow

background. This test is performed in the same manner as white-on-white perimetry. Short-wavelength automated

perimetry is reported to find glaucomatous defects in ocular hypertensive patients earlier than conventional perimetry.

However, SWAP is less reproducible than conventional perimetry. Interpreting the grayscale can be difficult because it

may look more abnormal than the field actually is. The incorporation of a normative data set permits the use of

STATPAC, which makes the information easier to interpret. The reasons why SWAP is more sensitive are not definite.

It may be that SWAP detects selective damage to the blue-yellow system, or it may be that it tests such a narrow

portion of field function that other redundant inputs are not able to cover for the deficit.

Screening automated perimetry
The automated perimeter can also be used in a screening mode (rather than a full threshold mode). Although

screening strategies are faster than full threshold strategies, they are generally inadequate for following patients with

glaucoma. In a screening mode, the perimeter projects a stimulus calculated to be 6 dB brighter than the threshold (i.e.,

suprathreshold) to each point. The predicted threshold is calculated using a normative data set and the threshold values

for four cardinal points (one point in each quadrant). If the patient sees the light, the machine is finished with that

particular test spot and moves on. If the patient misses the point, the perimeter will do one of three things, depending on

the strategy selected. The simplest strategy, called the "threshold related screening" strategy, tests the point a second

time and shows only whether a point is normal or not. A second, more complex, strategy, called the "three-zone

screening" strategy, tells whether the defect is relative or absolute by projecting the brightest possible light into the



abnormal area. The most complex screening strategy, called a "quantify defects screening" strategy, calculates a

threshold on each abnormal point.

ARTIFACTS IN AUTOMATED STATIC THRESHOLD PERIMETRY

Recognizing artifacts that can occur in automated field testing is important. Most of these artifacts, such as wrong

refractive error, wrong birth date, and miotic pupils, are described earlier in the chapter. Certain types of artifact fields

are readily recognizable, such as the cloverleaf field, which results from false negative errors (see Fig. 6-23), white

spots, which result from false positive errors (see Fig. 6-22), and low-hanging blind spots resulting from failure to shift

fixation (see Fig. 6-25). Another artifact that should be recognized is the ring scotoma (Fig. 6-42), which is caused by

the lens that is used to correct for refractive error and for near. This can be recognized by the abrupt transition to 0 dB

and by the curved shape that matches the corrective lens. A lid artifact can also cause a profound apparent loss of field

that can be corrected by taping the lids (Fig. 6-43).

Recognizing that there is a learning curve to visual field testing and that the first few fields may appear more

damaged than they actually are is also important (Fig. 6-44). This is more of a problem with automated static threshold

perimetry than with manual kinetic perimetry.

GLAUCOMATOUS VISUAL FIELD LOSS
The optic nerve function has enough redundancy that many axons may be lost before any measurable loss of

visual field sensitivity occurs. In one study, as many as 40% to 50% of axons were lost diffusely before a change in the

manual kinetic perimetry was detected. Therefore a careful examination comparing the optic nerve head with

stereoscopic photographs is a better way to diagnose the earliest changes in glaucoma than is perimetry. However, once

a patient has moderate glaucoma, detecting progression by following the visual field rather than the optic nerve is often

easier (although both should be followed).

Any visual field defect from glaucoma must fit the orientation of the nerve fibers as they travel to the optic nerve

head (see Fig. 1-1). The examiner should expect that the nerve fibers will enter the optic nerve much as the spokes of a

bicycle. This is true in the nasal portion of the retina. In the temporal retina, however, the papillomacular bundle makes

a large contribution to the optic nerve, which means that the axons from the temporal retina must pass around the

papillomacular bundle and enter the optic nerve at the superotemporal and inferotemporal poles. As described in the

section on optic nerve changes, the superotemporal and inferotemporal poles are the most sensitive to glaucomatous

damage; therefore these arcing fibers are most likely to be affected when a focal defect resulting from glaucoma occurs.



The arcuate fibers that serve the temporal retina (nasal field) do not cross the horizontal raphe; therefore nasal field

defects should not cross the horizontal meridian. This leads to the nasal step in moderately advanced field loss. The

fibers that enter from the nasal retina do so in a radial fashion, and no temporal step equivalent occurs.

The pattern of defects seen in glaucoma is not specific for glaucoma but can be seen in other processes that

damage the optic nerve head, such as disc drusen, vascular events, raised intracranial pressure or congenital defects. If

the visual field loss does not fit the changes in the optic nerve head and the nerve fiber pattern, the examiner should

consider other diagnoses.

The visual field can be lost in glaucoma in several ways (Box 6-4). Generalized depression of the visual field is a

common finding. This is not specific for glaucoma because a miotic pupil or any media opacity, such as a cataract or

corneal edema, can also cause a generalized depression. When using manual kinetic field testing, generalized

depression can be recognized when the isopters for the smaller and dimmer targets are reduced in size, whereas the

total area of the visual field is unchanged (Fig. 6-45). In the automated static threshold perimeter, this appears as a

fairly consistent reduction of all of the points. Consequently, the total deviation and the MD are abnormal, but the

pattern deviation plot is normal (as are the PSD and CPSD) (Fig. 6-46). Focal depressions are areas where the smaller

isopters are reduced but the largest isopter is still full (Fig. 6-47). Baring of the blind spot is a form of depression

because the peripheral isopters are full (Fig. 6-48). Baring is not a particularly helpful sign because of peripapillary

crescents and the variable retinal sensitivity in the area immediately surrounding the optic nerve head.

A generalized or focal contraction of the field can also occur, in which all of the isopters are smaller, including

the most peripheral isopter (Figs. 6-49 and 6-50). A contracted field differs from a depressed field in that the largest

isopter is not full.

Scotomas are also areas of decreased sensitivity that differ from depressions and contractions in that they are

islands of depressed sensitivity surrounded by an area of greater sensitivity. When performing manual kinetic

perimetry, scotomas are drawn as islands of relative defect. In addition to the location, the depth and steepness of the

scotoma are also recorded (see Figs. 6-9 and 6-10). When performing automated static threshold perimetry, a scotoma

might be considered to be significant if a cluster of three nonedge points depressed by 5 dB or a single nonedge point

depressed by 10 dB were present.

Scotomas are generally seen in the arcuate fibers that surround the papillomacular bundle. Superior field defects

are somewhat more common than inferior defects. Early defects might be a comma-shaped extension of the blind spot



(called a Seidel scotoma) (Figs. 6-51 and 6-53) or small discrete scotomas in the paracentral (Figs. 6-52 and 6-53) or

arcuate (or Bjerrum) regions (Figs. 6-54 and 6-55). More peripheral arcuate changes result in a nasal step (Fig. 6-56

and 6-57). To qualify as a nasal step, a single isopter must lie on the horizontal meridian for 10° (or multiple isopters

for 5°). Occasionally scotomas can also be found in the temporal field (Fig. 6-58).

Advancing glaucoma can cause new visual field defects or cause defects that are already present to become

larger, deeper, or coalesce. Scotomas can break Text continued on p. 101

through peripherally and become contractions (Fig. 6-59). As scotomas in the arcuate bundles increase in size,

they can cause a dense, wide arcuate defect that can approach a hemifield loss (Figs. 6-60 and 6-61). Superior and

inferior arcuate defects can meet at the horizontal raphe, forming a ring-like defect. In the latest stages of glaucoma,

only a central island, temporal island, or both remain (Fig. 6-62; see Fig. 6-18). Patients who have only a central island

might have 20/20 vision, but they have such constricted visual fields that they are considered to be legally blind. In

most states, legal blindness is defined as vision less than 20/200 in the better-seeing eye or a visual field that is

constricted to less than 20° in the better-seeing eye.

Like any psychophysical test, visual field performance varies over time. In glaucoma, both long-term and short-

term fluctuation increase. Long-term fluctuation is variability in the visual field on different testing days. Short-term

fluctuation is variability in retesting the same point twice during the same testing experience.

A learning curve for testing exists, especially with automated perimetry. Several fields may be required to

determine whether the patient has truly progressed or is stable. The long-term variability is high enough that a change

in a single visual field, particularly an unexpected change, should be confirmed before changing treatment drastically.
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MAJOR POINTS

Perimetry is a technique used to quantify a patient's peripheral vision.

In glaucoma, perimetry is a gauge of the health of the optic nerve.

Perimetry is highly subjective and relies entirely on a cooperative, alert patient.

Two primary techniques are used to measure the visual field in glaucoma patients: manual kinetic perimetry and

automated static threshold perimetry.

Modern perimeters use highly standardized testing environments.

For both the Goldmann perimeter and Humphrey Field Analyzer, the background illuminance is kept at a

constant 31.5 apostilbs.

In manual kinetic perimetry (Goldmann perimetry), the visual field is measured based on the patient's ability to

see moving targets of light of various sizes and intensities.

In automated static threshold perimetry, the visual field is measured by determining the threshold of retinal

sensitivity in a series of points spread over a standardized grid.

In patients with glaucoma, changes in the optic nerve head are typically seen well before changes in the visual

field can be detected.

Any visual field change attributed to glaucoma should fit the pattern of nerve fiber layer distribution.

Glaucomatous and other optic nerve head-related losses in visual field typically follow fairly predictable patterns.

Glaucomatous visual field changes can be generalized depressions and contractions.

Glaucomatous field loss can also take the form of focal depressions, contractions, or scotomas.

Many potential artifacts in testing should be recognized.

6-1



Traquair's "island of vision surrounded by a sea of darkness." This concept compares the visual field with an

island, with the fovea being analogous to the peak of the island. The sensitivity declines toward the periphery, just as an

island's elevation declines toward the periphery.

6-2

The concept of equilateral triangles allows the examiner to predict the size of a scotoma on the perimeter bowl.

The focal length of the eye is about 17 mm, and the radius of the bowl is considered to be one third of a meter (333

mm). In actuality, the Goldmann bowl is 300 mm, and the newer Humphrey Field Analyzers have very small bowls.

Using this equation a scotoma would be magnified approximately 20 times (333/17 = 19.59) in the perimeter bowl.

6-3

Manual kinetic perimetry measures the visual field using targets of different sizes and intensities. These targets

are brought inward from the periphery until the patient recognizes them and signals the perimetrist. The perimetrist

marks the paper on the perimeter and connects the dots for each particular target in a ring called an isopter. As smaller

and dimmer targets are used, the isopters become smaller. This is analogous to measuring the elevation of an island and

drawing a topographical map.

6-4

Patient's view of Goldmann perimeter manufactured by Haag-Streit. After having one eye patched, the patient

places his or her chin in the chin rest. With the uncovered eye, the patient fixates on a central spot in the perimeter

bowl. The fixation target is at the end of a viewing scope through which the perimetrist can monitor fixation. The bowl

is diffusely illuminated at 31.5 apostilbs, and the black arm at the right moves around behind the patient's head,

projecting light into the bowl.

6-5

Manual kinetic perimetry. The perimetrist is monitoring fixation through a telescope. With his right index finger

he opens a shutter, while with the left hand he moves a pantograph from the periphery towards the center of a sheet of

recording paper. This moves the projected light from the periphery towards the center of the patient's visual field, and

the patient should respond when the target becomes visible.

6-6

Control panel on Goldmann perimeter that permits control of the size and intensity of the stimulus.

6-7



Back view of a Goldmann perimeter showing the recording paper in place and the pantograph arm that is moved

by the perimetrist to move the stimulus in the bowl. The perimetrist makes marks on the paper indicating the extent of

visual field for various stimuli and then connects these points into isopters, as shown here. (In reality the isopters are

usually drawn after the paper has been removed from the perimeter.)

6-8

Armaly-Drance technique. This technique is used in testing for glaucoma with kinetic manual perimetry.

Peripheral isopters are checked in the same way as normal perimetry, but more emphasis is placed on the nasal-

horizontal meridian than on other regions of the field. The central field is tested in a static fashion with a target that is

just suprathreshold for 25°. This same stimulus is used to map the blind spot.

6-9

The two scotomas shown here are the same size, but the superior scotoma is deeper than the inferior scotoma.

The examiner can determine this because the inferior scotoma is labeled as a I4e scotoma, whereas the superior defect

is labeled as a V4e scotoma. This means that no light was visible within the superior scotoma, but the inferior scotoma

was able to perceive lights brighter than the I4e stimulus.

6-10

Two scotomas of similar size but different steepness. The superior scotoma has very steep walls, as evidenced by

the fact that the isopters are extremely close together. The inferior scotoma is shallower, as evidenced by the fact that

the isopters are further apart. This is analogous to the lines on a topographic map, which are much closer together in

steeply changing terrain than in gradually changing terrain.

6-11

Static threshold perimetry measures the island of vision differently than kinetic perimetry. In this technique the

thickness of the island is measured in a predetermined number of points laid out over a grid. The thickness (or, in the

case of the visual field, retinal sensitivity) is expressed in numeric form as decibels of light attenuation. The higher the

number, the greater the sensitivity. These data are then translated into a grayscale depicting the shape of the island.

6-12

Humphrey Field Analyzer Model 630.

6-13



Monitor on a Humphrey Field Analyzer Model 630 showing the data points being tested. A camera displays the

patient's eye so the perimetrist can manually monitor fixation.

6-14

The Humphrey Field Analyzer Model 750. This compact model has several more features than the old model and

is more comfortable for the patient to use.

6-15

Strategy for threshold perimetry. A stimulus is presented at a test point and is increased in intensity in 4-dB steps

until the threshold is crossed. Once the threshold has been crossed, the stimulus is decreased in intensity in 2-dB steps

in order to determine an exact threshold.

(Reproduced from The Field Analyzer Primer, by Humphrey Instruments. Used with permission.)

6-16

Threshold printout from a Humphrey Field Analyzer 30-2 program taken from a patient who has glaucomatous

damage with a superior visual field defect.

6-17

This illustration shows the visual field of the patient in Fig. 6-16. The total deviation and MD have deteriorated.

The grayscale and raw numbers, however, are unchanged. Careful examination of the test information shows that the

patient's birth date was mistakenly entered as 1987 rather than 1927. The patient was compared with a normal 9-year-

old rather than a normal 69-year-old. This is an uncommon mistake, but occasionally it will provide an explanation for

a field that suddenly seems to become better or worse.

6-18

The grayscale printout of a patient with very little vision left except for in the central few degrees. A, A printout

from a 30-2 program. B, A printout from a 10-2 program, which gives us more information regarding the few degrees

of vision left in this patient.

6-19

This patient's visual field shows evidence of a defect in the nasal field, both above and below fixation. Seeing

more peripheral points would be helpful in determining whether this is a glaucomatous defect (left frame). The

examiner could do a manual kinetic examination of the more peripheral field, or alternatively, use the Humphrey Field



Analyzer and perform a 30/60-2 exam that examines points between 30° and 60° (center frame). These data can then be

merged into one printout incorporating data from both exams (right frame).

6-20

Test point pattern for a 30-1 strategy using the Humphrey Field Analyzer. Points are tested along the vertical and

horizontal meridian and then every 6°.

(Reproduced from The Field Analyzer Primer, by Humphrey Instruments. Used with permission.)

6-21

Test point pattern for a central 30-2 strategy using the Humphrey Field Analyzer. In this strategy, points are

tested 3° above and below the horizontal, 3° to the left and right of the vertical, and then every 6°. This avoids the

ambiguity of positive or negative responses right along the horizontal meridian in optic nerve diseases and the vertical

meridian in neurologic diseases. This test strategy is usually preferred.

(Reproduced from The Field Analyzer primer, by Humphrey Instruments. Used with permission.)

6-22

Visual field with false positive errors. Note the white spots in the grayscale printout. Many false positives and

fixation losses have been registered and the MD is very high.

6-23

Field with multiple false negative answers. Occasionally the patient only responds to the first few test points and

then loses concentration. The field can show a characteristic cloverleaf pattern with sensitivity apparent only at the four

cardinal points.

6-24

Bowl of a Humphrey Field Analyzer showing the central fixation target (at the top), which contains the television

camera through which the perimetrist monitors the patient. Beneath this is a series of lights used to orient the patient's

fixation while measuring the foveal threshold.

6-25

Left and right eye of a patient who failed to refixate on the central fixation target after mapping the fovea (top

greyscale). In both eyes the blind spot is extremely low. The right eye shows evidence of new superior visual field loss,

which is an artifact from measuring a visual field that is more peripheral than expected. In the left eye the superior



defect fails to respect the horizontal meridian. When retested, the right eye was normal and the left eye again was

respecting the horizontal meridian (bottom greyscale).

6-26

The left frame shows the visual field of a patient with extensive glaucomatous loss. Very little is available to

follow here because the size III targets are too small for the patient to recognize in most parts of his or her visual field.

The right frame shows the same field tested with a larger (size V) target, showing more material that can be followed in

subsequent exams.

6-27

In all 30-2 program examinations, the 10 points circled here are tested twice. The variability between the first and

second test is used to calculate the SF value.

6-28

These circled points were tested because they fell outside of the expected range (based on surrounding points). As

the perimeter moves towards the periphery, the sensitivity should decrease. If the sensitivity becomes higher as the

machine moves towards the periphery, these points are retested. Similarly, if the more central points have lower

sensitivities than peripheral points, these are retested.

6-29

The grayscale of the patient, including the legend of the grayscale. Note that in the area circled, a substantial

drop-off in sensitivity apparently has occurred, but the numeric data show that the difference between these points is

only 2 dB. The examiner should realize that only a limited number of shades of gray are available for use, and these

shades cover increments of 5 dB.

6-30

Grayscale printout of a patient with a normal visual field whose blind spot is not visible.

6-31

Total deviation plot showing that the probability grading is center-weighted. The two circled points are both

depressed 6 dB from the age-corrected normal. Note that the peripheral point is not assigned any relative weight in

terms of being statistically abnormal, whereas the more central point is considered to be significantly depressed. The

more central points are more sensitive and more reproducible.

6-32



A superior arcuate defect with a nasal step in a patient with an overall depressed field. Note that the probability

plot of the total deviation is diffusely abnormal. When corrected for overall depression, the superior arcuate scotoma

stands out and the inferior field and appears statistically normal. This same information could have been determined

from the grayscale.

6-33

This visual field shows the dangers of only interpreting the pattern deviation statistical printout. This patient's

pattern deviation statistical printout appears to show an inferior visual field defect. The total deviation probability plot,

however, is entirely normal, which should raise suspicions that the pattern deviation statistical printout abnormality is

based on suspect data. Further evaluation of the remainder of the field reveals many false positive responses and

fixation losses. This abnormal pattern deviation statistical printout stems from the fact that the perimeter set the

patient's revised hill of vision unrealistically high. The new baseline is 6 dB above normal for age (see circled points).

The normal points are considered to be abnormal relative to the supranormal points that were used to set the hill of

vision. This patient was referred for a new inferior scotoma, but careful evaluation of the field would have saved him a

referral.

6-34

The GHT compares points in the superior hemifield with their mirror points in the inferior hemifield. The zones

shown in this figure are the ones that are tested.

(From Statpac 2 manual, by Humphrey Instruments. Used with permission).

6-35

The numeric data from this patient shows a marked difference in points in the superior and inferior hemifield, as

shown. The superior hemifields are outlined. A marked difference is apparent when these are compared with the mirror

clusters of points below. This results in the hemifield being "outside normal limits."

6-36

High SF (6.18 dB). By studying the raw data, the examiner can see that the points away from the scotoma are

quite reproducible. Only the points at the edge of the scotoma (arrows) fluctuate substantially. This field is probably

reliable. When in doubt, always return to the raw data.

6-37



Gaze-tracker printout from a patient who has difficulty maintaining fixation. Note that the fixation becomes

worse as the test goes on.

.

6-38

Overview printout showing worsening visual fields in a patient developing glaucomatous loss.

6-39

Visual field that improved after removal of a cataract. Note that the pattern deviation statistical printout on the

right shows very little change; it was able to identify the focal defect despite the cataract.

6-40

Change probability printout. This printout compares the current visual field data with reference fields. Open

triangles signify an improvement seen in fewer than 5% of stable glaucoma patients, whereas filled triangles signify a

worsening seen in fewer than 5% of stable glaucoma patients.

6-41

Change analysis printout showing the entire range of departure from normal for the patient as the length of the

entire bar (top graph). The box contains 70% of the points, and the central band is the average departure from normal

for this patient. Graphs also show SF, MD, PSD, and CPSD over time. A slope is calculated on the MD if more than

five examinations have been performed. In this field, note the worsening of the MD, the PSD, and the CPSD, which

means that the patient is getting worse focally as well as globally. This is indicative of glaucomatous damage. Note that

the slope of loss of the MD is -3.43 decibels per year, which is considered to be significant.

6-42

Rim artifact caused by the lens and lens carrier. This is most commonly seen in patients on whom a hyperopic

correction is being used. A clue to the presence of a rim artifact is the abrupt change from a fairly normal reading to a

sensitivity of 0 dB.

6-43

A, Marked visual field loss caused by ptosis. B, The same patient's visual field after the lid was taped.

(Courtesy Robert G. Smith, M.D.)

6-44



Learning curve. Automated perimeters have a learning curve, such that the first few fields may not be reliable.

This patient had evidence of extensive damage on the initial field, but ensuing fields showed marked improvement as

the patient became more comfortable with the testing environment.

6-45

Manual kinetic perimetry showing general reduction of sensitivity. Note that the central isopters are smaller than

would normally be expected. This is a nonspecific change that can be seen in glaucoma, but it can also be seen in eyes

with cataract, corneal edema, or any other process that causes a reduction of visual acuity.

6-46

General reduction of sensitivity as determined by the Humphrey Field Analyzer. Note that the grayscale is darker

than normal and that the total deviation is decreased, as is the MD. The pattern deviation statistical printout, however,

shows no focal glaucomatous loss.

6-47

Focal depression as seen with manual kinetic perimetry. Note that two isopters are depressed superonasally, but

that the largest isopter (III4e) remains full.

6-48

Baring of the blind spot. In this example of manual kinetic perimetry, the blind spot is bared by the I3e isopter.

This may represent a normal reduction in sensitivity surrounding the optic nerve head and, when subtle and involving

only one isopter, may be a physiologic variant.

6-49

General contraction of the visual field as seen with manual kinetic perimetry. Note that all isopters are smaller

than normal and that the full extent of this patient's field extends only to about 30°.

6-50

Focal contraction as seen with manual kinetic perimetry, in which all isopters move towards the center in the

superonasal quadrant. An absolute defect is present peripheral to the outermost isopter.

6-51

Seidel scotoma as seen with manual kinetic perimetry. Note that the blind spot is elongated in a comma shape.

6-52



Multiple pericentral scotomas as seen with manual kinetic perimetry. These scotomas are of variable depth and

are located in an area served by an arcuate bundle of fibers.

6-53

Automated kinetic perimetry showing scattered scotomas in the superior arcuate region. One scotoma emanates

from the blind spot in a Seidel scotoma. Another is just superonasal to the point of fixation.

6-54

Arcuate visual field loss as seen with manual kinetic perimetry. The arcing shape of the superior scotoma fits the

distribution of the nerve fiber layer.

6-55

Superior arcuate scotoma as seen with the Humphrey Field Analyzer.

6-56

Inferior nasal step as seen with manual kinetic perimetry. Note that all three isopters respect the horizontal

meridian nasally.

6-57

Inferior nasal step as seen with Humphrey automated perimetry.

6-58

Superior temporal wedge defect. Although most early glaucomatous defects involve the nasal field, they can also

involve the temporal field, as in this case.

6-59

The scotoma seen in A has broken through to become a contraction in B.

6-60

Advanced superior visual field loss caused by glaucoma. Almost the entire superior visual field has been lost.

6-61

Superior hemifield loss caused by glaucoma, as seen with automated static threshold perimetry.

6-62

End-stage glaucoma as seen with manual kinetic perimetry. This patient has only a central and temporal island of

vision remaining. This patient might have 20/20 visual acuity, but would be severely disabled because of the tunnel



vision effect of these visual fields. If the central island of vision were lost, the patient would be left with only a

temporal island and a visual acuity in the hand motions range.

6-1

Normal extent of visual field

Meridian Extent of field

Nasal 60°

Temporal 100°-110°

Inferior 70°-75°

Superior 60°

6-2

Size of Goldmann targets

Target size Area (in mm2)

0 1/16

I 1/4

II 1

III 4

IV 16

V 64

6-1

Technique of Manual Kinetic Perimetry

A Goldmann perimeter is a bowl with a 300-mm radius. It is illuminated at a constant level of 31.5 apostilbs.

One of the patient's eyes is patched and the other eye should fixate on a central fixation target in the bowl (see

Fig. 6-4).

The fixation target is at the end of a telescope through which the perimetrist monitors the patient's fixation (see

Fig. 6-5).

The perimetrist chooses a target from a control bank that regulates target size and intensity (see Fig. 6-6).

Beneath the telescope the perimetrist places a sheet of paper on which the results of the testing will be recorded

(see Fig. 6-7).



Once the target size has been selected, the perimetrist moves the pantograph that controls the arm position to the

far periphery of the patient's field, opens the shutter, and a circle of light is projected into the bowl.

The perimetrist then moves the pantograph arm at about 4° per second from the periphery until the patient

acknowledges that he or she has seen the light by pressing a buzzer or tapping on the table.

The perimetrist then closes the shutter, makes a mark on the recording paper, and tests another area.

The marks for each target size and intensity are connected with a solid line called an isopter (see Fig. 6-3).

6-2

Advantages and Disadvantages of Kinetic Manual Perimetry

ADVANTAGES

Tests the full extent of the patient's visual field

Has a human interface and is therefore usually easier for the elderly and very young

Can be carefully tailored to the pathology

Is almost universally preferred by patients over full-threshold static perimetry

Is better for mapping the shape of defects

DISADVANTAGES

Requires highly trained perimetrists

Is not as reproducible from institution to institution as automated static threshold perimetry

Does not provide numeric data for comparing the patient with a normative database

Does not permit comparison of numeric data from one examination to the next

6-3

Advantages and Disadvantages of Automated Static Threshold Perimetry

ADVANTAGES

Standardized

Reproducible

More sensitive for subtle visual field defects

Availability of numeric data allows statistical interpretation and comparison

Requires less perimetrist training and skill

DISADVANTAGES



More challenging and frustrating for patients

Has a distinct learning curve so that the first field (and sometimes the first few fields) may not provide adequate

information

Has higher retest variability in areas of moderate to severe visual loss

Fixed test grid size
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Visual Field Changes in Glaucoma

Depression and contraction

Generalized depression (see Figs. 6-45 and 6-46)

Focal depression (see Fig. 6-47)

Baring of the blind spot (see Fig. 6-48)

Generalized (concentric) contraction (see Fig. 6-49)

Focal contraction (see Fig. 6-50)

Scotomas

Seidel scotoma (see Figs. 6-51 and 6-53)

Paracentral scotomas within the central 10° (see Figs. 6-52 and 6-53)

Arcuate (Bjerrum) scotomas (see Figs. 6-54 and 6-55)

Nasal step (see Figs. 6-56 and 6-57)

Temporal wedge (see Fig. 6-58)

Hemifield loss (see Figs. 6-60 and 6-61)

End-stage loss

Central island (see Fig. 6-62)

Temporal island (see Fig. 6-62)


