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SUMMARY

The ability of oculokinetic perimetry (OKP) to detect
glaucomatous central visual field loss was assessed by
comparison with the results of Humphrey visual field
analysis (HVFA) in a group of patients attending a glau-
coma clinic. Fifty-six patients with stable visual fields and
good reliability indices on previous automated perimetry
examinations underwent programmes 24-1 or 24-2 of the
Humphrey visual field analyser and the results compared
with those of a field test using a hand-held OKP chart.
Forty-three patients had a glaucomatous visual field
defect demonstrated by HVFA, and 35 showed a defect to
OKP.Thirteen patients were shown to have normal fields
on HVFA, and in 21 patients the OKP test was normal.
Comparison of the two test results showed that of the 35
patients-with abnormal OKP tests, in 26 the result was a
true positive (HVFA also abnormal) and in 9 a false posi-
tive (HVFA normal). In the 21 patients with negative
OKP tests the results were judged false negatives in 13
(HFVA showed glaucomatous visual field loss) while in 8
they were true negatives (HVFA normal). Therefore the
sensitivity of OKP for the detection of glaucomatous
visual field loss was 60.5 % and the specificity for the iden-
tification of individuals with glaucomatous visual field
loss was 61.5%. In the 26 patients with true positive
results there were 36 eyes with positive OKP charts corre-
sponding to defects on HVFA. Correlation of the number
of defects on OKP with the mean deviation and corrected
pattern standard deviation of their respective HVFA
charts showed a near linear correlation. However, when
between one and three points were missed on OKP this
loss was equally likely to represent a false positive result
as it was to represent the presence of glaucomatous field
loss. Analysis of the 26 true positive patients’ fields
showed that a point missed on OKP corresponded to an
average depression of retinal sensitivity of 20.8 decibels
on HVFA. However, in 50% of these patients’ fields OKP
also failed to detect defects of, on average, 19.6 decibels in
another quadrant of the field. This study shows that OKP
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can detect relatively advanced glaucomatous visual field
loss, but the low sensitivity and specificity of the test
makes this device unsuitable for glaucoma screening.

Oculokinetic perimetry (OKP) is a relatively quick and
inexpensive method of testing the central 16° of the visual
field and its use has been suggested as a perimetric tech-
nique suitable for glaucoma screening programmes."* The
unsuitability of performing tonometry alone’ and the diffi-
culties of bringing accurate ophthalmoscopy for optic disc
evaluation to a community screening programme encour-
age the use of visual field analysis as the optimum screen-
ing method for the detection of individuals who may be
suffering from open angle glaucoma.* To be effective in a
screening programme, any device must exhibit a high
level of sensitivity (ability to detect individuals with the
disease) and a high level of specificity (ability to identify
normals as such).’ The aim of this study was to assess the
sensitivity and specificity of OKP in detecting glaucoma-
tous visual field loss by comparing the results with Hum-
phrey visual field analysis (HVFA).

PATIENTS AND METHODS

Patients who were familiar with HVFA automatic per-
imetry and were attending the Glaucoma Unit of St. Paul’s
Eye Hospital, Liverpool, with a diagnosis of glaucoma or
ocular hypertension, or who were normotensive with sus-
picious discs, underwent OKP testing of their visual field.
All patients selected were known to be reliable witnesses
as in previous field testing their reliability indices (judged
by fixation losses, false positive and false negative
responses) were within the accepted limits defined by the
HVFA’s software.® All patients had undergone at least two
prior threshold testing visual field examinations of their
central visual field with good reliability indices. Any
patient with visual acuity less than 6/12 due to media
opacities was excluded.

HVFA was performed in most cases using the 24-2 pro-
gramme with the Statpac 2 analysis of the results pres-
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Fig. 1. Hand-held OKP chart in use.

enting the global indices’ for each field. For each 24-2 test
a Glaucoma Hemifield Test (GHT) result is automatically
provided which states whether the field is ‘within normal
limits’ or shows glaucomatous visual field loss and is ‘out-
side normal limits’.® An objective report on the normality
of the field is thus provided, and the clinician does not
have to make a subjective judgement on the significance of
any departure from normal values which may appear in
the field.® The GHT is based on the pattern deviation from
normal for an age-matched population on differences of
probability scores across the horizontal field meridian.® A
minority of the patients (known glaucoma cases) had had
repeated 241 field tests previously and so as not to
change the parameters of their follow-up they had a 24-1
test performed for comparison with the OKP test.

The OKP test chart was the hand-held chart described
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Fig. 2. Optic discs of study patient showing typical glaucomatous damage. Right disc (a) shows loss of a portion of inferior rim. Lef.
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by Damato et al.' and distributed by Merck Sharp and
Dohme Ltd. This chart has the advantage over previous
designs for OKP testing in that the chart is easily portable
and the working distance is kept constant by the fixed side-
arm (Fig. 1). The test was carried out in accordance with
standard OKP testing technique' in a well-lit room. If
glasses were not normally worn for reading, no additional
near correction was provided; those patients who
normally wore reading glasses had the test conducted
wearing their usual glasses. The correct position for the
chart was found by confirming the presence of the blind
spot for each eye. Then, the patient was instructed to say
whether the central target was still visible when looking at
each of the 26 test numbers in turn. Any number missed
was underlined by the examiner on the score sheet, and the
field was retested. Any point missed on this second
inspection was marked, and only if the point was missed
twice was that point regarded as a defect (positive result).
This OKP test chart was compared with a further Hum-
phrey 24—1 or 24-2 central field examination performed
within 2 weeks of OKP testing. For HVFA testing, refrac-
tive error was corrected using wide-aperture trial lenses
with the appropriate reading correction determined by age
and current refraction.

OKP testing was carried out by a field technician
unaware of the results of the previous HVFA, and
similarly the subsequent HVFA was performed indepen-
dently of the results of the OKP test.

Abnormality of Humphrey visual field was determined
by the GHT® in the case of the 24-2 fields; in the 9 patients
undergoing a 24-1 test, a significant abnormality was
taken as three or more contiguous points depressed by 6
decibels (dB) or more in a typical location, or one non-
edge point depressed by more than 20 dB.’ If any field loss
on the latest HVFA did not correspond to that previously
identified by HVFA, the test was repeated to confirm its
authenticity. Similarly, if OKP testing showed a defect and
HVFA was normal, the HVFA was repeated. All HVFA
threshold charts supply ‘global indices’ calculated from
the results of the 350 or so questions asked per eye tested
and provide for each field the mean deviation (MD) from

B

disc (b) shows advanced cupping with loss of temporal and inferior neuroretinal rim.
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Fig. 3. True positive OKP: grey scale of HVFA and corre-
sponding defect shown by OKP in right eye.

‘normal, the short-term fluctuation (SF), the pattern devia-
tion (PD) from normal and the corrected pattern standard
deviation (CPSD).® The MD gives a mean of the total
departure of the field from normality and corresponds to
fotal (overall) field loss.® The CPSD takes into account any
short-term fluctuation in the field test and a high CPSD
vaiue will identify localised abnormality of the field. Thus
@ dense localised scotoma will give an abnormally high
CPSD value, even if the relative normality of the rest of the
Aield results in only slight overall depression of the total
field with consequently a MD within normal limits.’

The OKP and HVFA charts were compared with each
dther with reference to the four quadrants of the field
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created by the horizontal and vertical meridians crossing
at fixation. Any defect identified in one quadrant of the
OKP chart was judged real if there was any defect in the
corresponding quadrant of the HVFA chart.

All patients had the appearance of their optic disc
assessed by the author using stereoscopic slitlamp bio-
microscopy with the Volk 78 dioptre lens, and the appear-
ance of the disc was recorded in the notes with a drawing.
Many patients also had stereo disc photographs taken.
Severity of disc damage was noted, with particular atten-
tion to features of glaucomatous disc damage always asso-
ciated with field loss (obliteration of a portion of the disc
rim) or usually associated with visual field loss (pallor and
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Fig. 4. True positive OKP: further example of HVFA grey
scale with corresponding OKP chart below.
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Table I.  Visual field status of patients as shown by different methods
of perimetry: Humphrey visual field analysis (HVFA) and oculokinetic
perimetry (OKP)

Field No. of patients
Normal

HVFA 13

OKP 21
Abnormal

HVFA 43

OKP 35

thinning of the rim, disc haemorrhage, vertical elongation
of the cup'®) (Fig. 2).

To determine the sensitivity and specificity of OKP as a
screening device analysis of the results was performed
firstly regarding patients, rather than eyes, as a positive
response in one eye identifies a patient as glaucomatous
and would direct the patient for further ophthalmic assess-
ment.' The study design also allowed an accurate assess-
ment of the degree of visual field loss that the presence of a
defect on OKP testing (positive result) indicates. As
HVFA measures the retinal sensitivity, any defect identi-
fied by OKP can then be correlated with the HVFA decibel
defect identified, and this correlation is presented from
corresponding abnormal fields, rather than patients.

RESULTS

Fixty-six patients were enrolled in the study, with an equal
sex distribution of 28 male and 28 female patients. The
age range was from 27 years to 82 years with a mean of
60.6 years. Fifty-one patients had OKP and HVFA testing
of both eyes; 4 patients were blind in the fellow eye and 1
patient, despite good visual acuity, was unable to find the
blind spot with the OKP chart in one eye and could not
perform the test in that eye. In 90 of the 107 eyes that
underwent both tests, the visual acuity was 6/9 or better.
Two eyes were amblyopic but performed equally well
with OKP and HVFA and were therefore included in the
results.

Sensitivity and Specificity of OKP Testing
In this section all the results refer to patients, with the
more affected eye (worse eye) representing the patient.
Table I shows the number of patients identified as having
visual field loss with the two methods of field testing.
Thirty-five patients had a positive result to OKP testing
(i.e. one or more points (numbers) missed) and 21 patients
had a negative result to OKP testing (i.e. central target
always visible when looking at each test location).

Of the 35 patients with positive OKP tests, in 26 HVFA

Table II.- Age (in years) and sex distribution of patients with OKP
results judged ‘true’ (correlating with HVFA) or ‘false’ (no correlation
with HVFA)

Male Female Age range Mean
True positive 11 15 27-80 59
False positive 4 5 54-68 60.4
True negative 6 2 52-73 62
False negative 7 6 39-82 61
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Fig. 5. False negative OKP: grey scale HVFA reveals inferior
nasal scotoma, but OKP of the same eye (below) is normal.

revealed defects in one or both eyes, and therefore these
OKP tests were true positives (Figs. 3 and 4). In the other 9
patients the positive OKP result was deemed a false posi-
tive as HVFA failed to detect any defect in the quadrant of
the field in which OKP had detected a defect. Of these 9
patients, HVFA showed 5 patients to have entirely normal
fields in both eyes, and in the other 4 HVFA did reveal a
significant field defect but in a quadrant judged normal by
the OKP test. Although these 4 patients were in fact glau-
comatous, OKP did not reveal their glaucomatous defects
and the defects it indicated were in an area of normal field.
The OKP results are thus false positives and they are
included as such in the analysis.

In the 21 patients with negative (i.e. normal) OKP tests,
HVFA showed 8 to have normal visual fields, and in these
8 the OKP results were therefore ‘true’ negatives. In the
other 13 patients these results were false negatives as
HVFA showed glaucomatous field loss (Fig. 5). In 11 of
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Fig. 6a.

Fig. 6. Left (a) and right (b) HVFA grey scales of patient
whose optic discs are shown in Fig. 2. There is good correlation
of the left OKP with the HVFA grey scale above, but the right
OKP fails to detect a dense nasal step shown in the right HVFA
grey scale.

these false negative patients the visual field loss detected
by HVFA and missed by OKP lay within the area of the
field tested by OKP. In addition, in these 11 patients the
OKP test commonly missed a glaucomatous defect lying
in the nasal step area between 15° and 25° — an area that
lies outwith the area tested by OKP (Fig. 6). In the other 2
patients this was the only area of visual field abnormality.
Table II gives the age and sex distribution of patients with
reference to each subgroup.

The sensitivity of the test is given by the number of
patients with glaucoma it identified as a percentage of the
total number of patients with glaucomatous visual field
loss identified by HVFA. Thus the sensitivity is 60.5%,
calculated as follows: 26 (true positives) + [26 + 13 (false
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negatives) + 4 (false positives, in which OKP missed a
glaucomatous defect, but also gave a false positive result
in another quadrant of the field)] x 100 = 60.5%. The
specificity is given by the number of normals identified by
OKP as a percentage of the total number of normals and is
61.5%, calculated as follows: 8 (true negatives) + [8 + 5
(false positives)] x 100 = 61.5%.

In the 26 true positive patients a total of between one
and 18 of the 26 numbers on the OKP chart were missed;
in 11 patients (40%) between one and three numbers only
were missed. In the patients with false positive OKP
results, only one OKP test showed a defect of more than
three points.

Nature of Glaucoma by Clinical Examination

Clinical examination of the 26 true positive patients
revealed a diagnosis of open angle glaucoma (OAG) in 21,
low tension glaucoma (LTG) in 1, and chronic angle
closure glaucoma (CAGG) in 4. Biomicroscopy of the

Fig. 6b.
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Table III. Correlation between number of defects on OKP and field
loss identified by HVFA in the 26 true positive patients (36 abnormal
OKP fields). The average HVFA mean deviation (MD) and corrected
pattern standard deviation (CPSD) are given in decibels (dB) plus stan-
dard deviation

No. of defects No. of

on OKP chart fields MD CPSD
1 7 -35+1.77 36+1.1
2 6 -5.52+35 8.1+39
3and 4 6 -6.6 + 4.6 66 +5.3
5to 10 8 -132 + 8.0 88 +4.4
11to 18 9 -150 + 6.9 108 + 34

optic discs in the worse eye of these 26 patients showed
advanced glaucomatous damage in 18 discs: in 9 there was
bean-pot cupping and in 9 loss of more than 3 clock hours
of inferior and/or temporal neuroretinal rim. In 5 eyes the
glaucomatous disc damage was less severe, with disc
asymmetry, vertical elongation of cup, undermining of rim
edge, pallor or thinning of the neuroretinal rim. Three
patients with true positive results on OKP (defects corre-
sponding to HVFA defects) had optic discs judged normal
by clinical examination.

Of the 13 false negative patients, 11 had a clinical diag-
nosis of glaucoma with obvious optic disc pathology and a
clinical history of low tension glaucoma (1 patient),
chronic angle closure glaucoma (3 patients) and chronic
open angle glaucoma (7 patients). Clinical history and
examination of the optic discs of the 2 remaining false
negative patients with defects confined to the nasal step
area on HVFA revealed a diagnosis of ocular hypertension
in that the patients had persistently raised intraocular pres-
sure and no obvious evidence of optic disc pathology.

Nature of Visual Field Loss

The field loss identified by OKP in the 26 true positive
patients was studied to determine the relationship between
an OKP defect and a HVFA defect. In these 26 patients 36
eyes had defects on OKP corresponding to HVFA defects.
For these 36 eyes the number of points missed on OKP
was correlated with mean deviation (MD) from normal

MD (dB)

-4+
-2r
-0 j : = : :

+1 +2 +3,4 +5-10 +11-18
Number of defects on OKP
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and the corrected pattern standard deviation (CPSD) as
calculated for each visual field by Statpac 2 of the HVFA.
Table III shows the relationship between number of points
missed on OKP and the average MD and CPSD of the
HVFA in these 36 eyes. In the 13 patients with false
negative OKP tests the average visual field loss detected
by HVFA was MD -592 +4.12dB and CPSD
6.2 + 3.34 db (mean plus standard deviation). The results
for the true positive patients are shown graphically in
Fig. 7.

To determine the defect depth in decibels that OKP can
detect, the OKP fields of the more severely affected eye of
the 26 true positive patients were examined and the mini-
mum decibel defect detected by HVFA was recorded
which corresponded to an area of OKP defect. The range
of defects detected by HVFA was from 8 to 33 dB (mean
20.8 dB) at points corresponding to the OKP defects.
However, in 13 (50%) of these patients, HVFA had
detected defects in another quadrant of the field judged
normal by OKP (Figs. 3 and 4). This loss undetected by
OKP ranged from 9 to 30 dB (mean 19.6 dB). In 13
patients with bilateral HVFA loss, OKP was positive in
both eyes of 9 patients, but in the other 4 patients was posi-
tive only in the more severely affected eye (Fig. 8).

Fourteen patients had advanced field loss which can be
described as ‘split-fixation’ in that at least one of the four
innermost points on the Humphrey visual field was
involved by glaucomatous loss'® contiguous with loss of
almost an entire quadrant of field. Despite this degree of
central visual field loss, the OKP charts of 10 of these 14
patients’ visual fields were normal within the central §8°
tested (i.e. OKP numbers 23 to 26 all seen). Figs. 4 and 6
show typical examples of this.

DISCUSSION

This study set out to evaluate the sensitivity and specificity

of OKP in detecting glaucomatous visual field loss. Auto-

mated perimetry with the HVFA was used to evaluate

OKP’s ability to identify the presence of field loss in

patients and also to quantify the nature of any field loss
CPSD (dB)
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Number of defects on OKP

Fig. 7. Average HVFA mean deviation (MD) in decibels (dB) (+ standard deviation) a‘gainst number of defects (points missed)
detected by OKP. (b) Average HVFA corrected pattern standard deviation (CPSD) in decibels (+ standard deviation) against number of

defects (points missed) detected by OKP.
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Fig. 8. Left(a)andright (b) HVFA grey scales with corresponding OKP charts below in a true positive patient. Although the right OKP
(b) detected field loss, in the left eye the OKP was normal (a) despite the presence of a dense upper arcuate scotoma shown on HVFA.

detected. Automated perimetry provides an objective,
reliable and repeatable method of detecting visual field
loss, and has considerable advantages over manual
methods. It is more sensitive than manual perimetry and
therefore detects visual field loss at an earlier stage.'*'® It
provides standardised technique, therefore freeing the
results from operator error or observer bias.'>'* It gives
internal reliability measurements of the patient’s
responses and thresholding is carried out using age-
corrected normal data.” The computer software also pro-
vides appropriate statistical analysis of data, relieving the
clinician of the necessity of laboriously examining all the
numerical data presented.7 In particular, use of the Glau-
coma Hemifield Test with HVFA provides an objective
and reliable assessment of whether a defect signifies the

presence of glaucoma.”” HVFA therefore provides an
objective and highly sensitive demonstration of the
normality or otherwise of a visual field for comparison
with OKP test results.

In this study OKP was found to have a sensitivity of
60.5% and a specificity of 61.5% for the detection of glau-
comatous visual field loss. In addition, this study showed
that the average decibel defect detected by OKP was
20.8 dB. Quigley has shown that if automated perimetry
shows a 10 dB deficit, then 40% of the normal retinal gan-
glion cells have been lost from that retinal point.'"* OKP
therefore seems capable of detecting only advanced glau-
comatous damage. It is also significant that although OKP
detected on average 20.8 dB loss in the 26 true positive
patients, in 13 of those an average loss of 19.6 dB was
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missed in another quadrant. Although OKP is confined to
only the central 16° of the visual field, the results show that
it was least accurate in detecting field loss within the cen-
tral 8°. HVFA showed that in 14 of the 26 true positive
patients central field loss ‘splitting fixation” was present,
yet in only 4 patients was any defect identified by OKP
within the central 8° of the field. Such advanced central
field loss, which in many cases was absolute, should have
been identifiable by OKP. It may be that these central
defects were either missed or underestimated by OKP
because in refixating to find the next of the inner numbers
within the central 8°, small fixation saccades may reveal
the central target spot to the subject.

Only 1 patient in the 9 false positives had a chart with an
OKP defect missing more than three numbers, and there-
fore if loss of less than three numbers was disregarded,
only 1 patient would have had a false positive result — thus
increasing the specificity of the test. However, disregard-
ing a defect of less than three numbers on OKP would dra-
matically worsen the sensitivity of the test as 40% of the
true positive results only missed between one and three
numbers. HVFA showed the patients with false negative
OKPresults had an average field loss of MD —5.92 dB and
CPSD 6.2 dB, which is equivalent to the true positive
patients who had defects of between one and three
numbers on OKP (Table III and Fig. 7).

OKP has been compared favourably with conventional
perimetry in previous studies, but in these the comparative
perimetry was performed using manual Oculus Tubinger
perimetry for some patients, and Dicon 3000 two-zone
suprathreshold testing in others."'* Modern threshold
automated perimetry, with perimeters such as the Hum-
phrey visual field analyser, has been shown to be superior
to other perimetric techniques'>'® and this may explain
why in the present study OKP did not compare so
favourably.

The purpose of the present study was not to compare the
efficacy of HVFA and OKP as screening techniques, but
to use HVFA to provide knowledge of the precise nature,
depth and location of scotomas that OKP can detect. The
results show that OKP’s sensitivity and specificity for the
detection of field loss were low in a group of patients the
majority of whom were suffering from glaucoma. In the
glaucoma patients with moderate or severe optic disc dam-
age OKP generally detected field loss and identified these
individuals as glaucomatous. However, this finding must
be tempered with the knowledge that such advanced
disease is rare in the community, and therefore in any
screening programme the number of normal individuals
would greatly exceed the number of individuals with glau-
comatous field loss. Among those tested who missed
between one and three points on OKP such loss was
equally likely to represent the presence of significant
visual field loss or a false positive result. The fact that sig-
nificant HVFA loss went undetected by OKP in the fellow,
less affected eye of 4 of the 13 patients with bilateral field
loss prompts the question as to whether the sensitivity of
the test might have been even poorer had the population
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studied had less severe field loss. OKP's inability to detect
field loss in the less severely affected eye of these 4 glau-
coma patients, the fact that it missed scotomas of an aver-
age of 19.6 dB in a different quadrant from a field in
which it detected an average defect of 20.8 dB, and its
inaccuracy in detecting advanced field loss splitting fix-
ation, indicate that OKP persistently underestimates glau-
comatous visual field loss. It is therefore not a suitable test
for self-testing by glaucoma patients of their own visual
field as has been proposed.’

It has been suggested that OKP may detect subtle v1sual
field loss not detectable by conventional perimetric tech-
niques, and Damato et al. cite the finding of a 41% rate of
positive OKP tests in eyes with ocular hypertension, a sus-
picious disc or contralateral glaucoma in support of this
conclusion.? The results of the present study, however,
show a near-linear correlation between the number of
points missed on the OKP chart and the glaucomatous
deficit measured by HVFA (Fig. 7). As the number of
points missed on OKP increases, the mean deviation from
normal (a measure of overall reduction in sensitivity of the
field) increases. A similar pattern was also observed
between the number of OKP defects and CPSD. The
CPSD tends to be high in the presence of localised field
loss, even if the overall MD is not significantly reduced.’
Thus OKP seems to detect both generalised and localised
glaucomatous field loss, and it is therefore unlikely that
some type of damage is being detected that is not identi-
fiable by conventional perimetry.

To be effective, any screening programme must have a
high sensitivity and specificity for the disease, as false
negatives will mean an individual is wrongly reassured
that he or she is disease-free. Any test that carries a high
false positive rate will equally detract from the efficient
use of resources and may, in the long-term, be counter-
productive to the efficient delivery of limited ophthalmic
services.

Optic disc analysis by a a trained observer using slit-
lamp biomicroscopy may be able to predict the absence of
a field defect,'® but the resources are not normally avail-
able for this to be used in a community screening pro-
gramme. Tonometry alone has been described as being
‘worse than useless’ in glaucoma screening programmes
because of the false positive and false negative results it
produces.’ Visual field analysis has been said to be the
ideal method of screening for glaucoma,* and automated
perimetry has' already been shown to be suited to this
task.>™>'* The results of this study show that although OKP
can detect advanced glaucomatous damage it would be of
little value in a screening programme because of its low
sensitivity and low specificity.

I would like to thank Mrs. C. Owen for technical and administra-
tive assistance, and Mr. P. Bloor for help with the illustrations.
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