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Confidence intervals for change in automated
visual fields
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SUMMARY Three successive fields of 136 eyes (86 patients) were extracted from our data base
containing over 3000 visual fields performed on the Humphrey visual field analyser with program
30-2. Series of fields in which the second field was depressed relative to the first were selected for
analysis to determine how much change between the first two fields was required to predict a
downward trend as confirmed by the third field in the series. The data were stratified with respect to
initial field damage. Seven regions of the visual field were analysed including the upper and lower
temporal and nasal quadrants, the superior and inferior Bjerrum regions, and the whole field.
Minimally damaged regions required between 4-7 and 5 6 dB change in mean sensitivity, whereas
more damaged regions required between 5-5 and 7*2 dB change in mean sensitivity to have 95%
confidence that the negative trend would be confirmed by the third field. The superior Bjerrum
region was the most sensitive for the detection of change, and the lower temporal region was the
least sensitive. We conclude from this series of data that large changes between two successive
fields are required to be sure that the changes are due to disease rather than chance fluctuation.
Where any doubt exists, the field should be repeated to confirm the reality of change.

Analysing visual field progression is an important
part of the management of patients with glaucoma.
Unfortunately detecting progression reliably may be
difficult. Factors such as short-term (intratest) and
long-term (intertest) fluctuation, patient fatigue,
patient learning curve, and attention span can cause
transient visual field changes which may mimic
improvement or deterioration of the overall visual
field." Over a series of tests these factors should
cancel themselves out, that is, errors in the positive
direction and errors in the negative direction should
be approximately equal, and overall mean sensitivity
should stay roughly the same. In practice one must
often repeat a visual field test several times before
one can determine whether or not an increased
depression is due to transient fluctuation or patho-
logical deterioration. However, multiple visual field
examinations require considerable expenditure of
the patient's time and effort and may unnecessarily
delay diagnosis.

In an effort to improve our ability to recognise
Correspondence to H Dunbar Hoskins, MD, Foundation for
Glaucoma Research, 490 Post Street, Suite 1042, San Francisco,
CA 94102, USA.
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significant visual field deterioration we analysed a
series of three visual fields to assess the predictive
value of the second field in determining the likeli-
hood of a decrease in sensitivity between the first and
third field.

Patients and methods

We analysed the field of 136 eyes (86 patients), each
of whom had at least three central 300 full threshold
fields performed on the Humphrey visual field
analyser with program 30-2. The patients were
between 21 and 79 years of age (mean 54-7, SD 14-6)
All patients had a corrected visual acuity of 6/12
(20/40) or better and pupillary diameter greater than
or equal to 3 mm at the time of each test. All patients
had glaucoma, with some areas of visual field depres-
sion present. The interval between the first and third
field was between 4*6 and 30-5 months (mean 16-5,
SD 5-4).
For each individual field test the data were analy-

sed by quadrant, superior and inferior Bjerrum area,
and for the total field. Fig. 1 displays the regions
analysed. The mean sensitivity (MS) in each region
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OOORDNATE SYSTEM FOR
HUMPHREY PROGRAM 30-2

(RI3H-T EYES)
UPPER TEMPORAL

*

LOER TEMPORAL

what regional change between the first and second
field was required to predict that the third field would
show a depression relative to the first field.
Depression of the third field was defined as the MS of
field 3 being 1 dB below that of field 1. Each region
must have had a drop in total sensitivity of 1 dB times
the number of spots in that region. This represented a
19 dB total drop for the quadrant regions or a 74 dB
drop for the entire field.
The data were stratified in accordance with degree

of field damage at the first field. Each region with an
MS of greater than 25 dB was placed in one group
labelled 'minimal field damage', and regions with an
MS of less than or equal to 25 dB were placed in
another group labelled 'moderate field damage'.

Results
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Fig. Co-ordinate system for the Humphrey visualfield

analyserprogram 30-2. Each spot represents a threshold
sensitivity measured in dB. The two spots marked with a solid
box in the lower temporal quadrant were removedfrom the
statistical analysis. The triangle represents the approximate
location ofthe blind spot. Points selectedfor the upper and
lower Bjerrum regions are shown in the lowerpart ofthe
figure.

was determined by adding the individual threshold
values in dB and dividing by the number of values.
The two points closest to the blindspot in the lower
temporal region were eliminated from the analysis.
Each series of fields was coded for each region as

to possible relationships between fields 1, 2, and 3.
Fig. 2 shows the possible arrangements of field
scores. For the analysis we considered only series
where a respective region of the second field was

depressed relative to the first field. After this selec-
tion 79 eyes were available for analysis.

Regression models were constructed to determine

Table 1 displays the mean sensitivities and standard
deviations for each of the regions where the second
field was depressed relative to the first.

Tables 2 and 3 report the results for the regression
UPPER iR UM models studied to determine the amount of change

required between the first and second fields to predict

> * Table 1 Summaryofthreefieldsforeachregion

Quadrant First Second Third

Mean SD Mean SI) Meapi SD

UN 21-1 4-1 187 4-5 19-2 4-8
UT 22-3 5-2 19-8 5-9 20-7 5-7
LN 24-2 4-0 21-8 4-9 22-2 4-9
LT* 26-0 3-2 23-9 4-1 24-6 4-0
Total 22-6 4-9 20-6 5-4 20-9 5-4

SB 21-4 3-9 19-1 3-8 19-6 4-2
IB 24-5 3-6 22-5 4-0 23-1 4-2

*With blind spot points removed. UN=upper nasal. UT=upper
temporal. LN=lower nasal. LT=lower temporal. SB=supcrior
Bjerrum. IB =inferior Bjerrum.

Table 2 Model: Drop MSfield I to 2 versus change MSfield
I to 3. Minimally damagedfields

Region R2 Slope Intercept p

UN 0-05 0-17 1-88 0-1772
UT 0-22 0(27 1-60 0-0056
LN 0-14 0(22 1-66 0-0145
LT 0-05 0.12 1*75 0-1196
Total 0-05 0(08 1-71 0-1941

SB 0-07 (019 1-98 0(1172
IB 0-16 0(29 1-37 0-0035

For abbreviations see Table 1.
Regression coefficients as predicted from each model: R2= R2

value. Slope=slope of best fit line through points. Intercept=
intercept of best fit line on the axis corresponding to the dependent
variable. P= Probability that the slope is not equal to 0.
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Table 3 Model: Drop MSfield I to 2 versus change MSfield Table 4 Required changefield I to 2 in dB
1 tJoJ.-iVoeCFraULy aamageaUJiU3

Region R2 Slope Intercept p

UN 0-30 0-34 1-85 0-0001
UT 0-22 0-33 2-40 0-0028
LN 0-23 0-30 2-43 0-0106
LT 0-05 0-10 2-32 0-3539
Total 0-12 0-22 1-86 0-0276

SB 0-30 0-35 1-67 0-0006
lB 0-16 0-21 2-09 0-0335

For abbreviations see Table 1. See footnote to Table 2.

FIELD GETS WORSE
Ob

0 1 2
FIELD SEQUENCE

FELD GETS BETTER
Sb

¶ 2
FELD SEO8ENCE

a 4 0

Region Degree ofdamage

Minimal Moderate

Upper nasal * 6-50
Upper temporal 4-74 6-91
Lower nasal 5-22 7-20
Lower temporal $ *
Total field * 5*49

Superior Bjerrum * 5-76
Inferior Bjerrum 7-85 5.55

*No significant regression model found for these regions.
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Fig. 2 Possiblepatterns of
responsefor each patient's series of
three consecutivefields. A series
was considered worse ifthe third
field was at least 1 dB below thefirst
field, or theslope ofthe bestfit line
through the threefields was
negative.
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Fig. 3 Graphical representation of
the method used to determine the
95% confidence levelfor the
amount ofchange required between
thefirst twofields which would
predict that the thirdfield would
confirm a downward trend in the
series.
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a downward trend in the series as confirmed by the
third field. The regression equations were solved for
the dependent variable (drop required between fields
1 and 2) by means of the change in MS between field 1
and field 3 as the independent variable. This value
plus the product of the standard error of the model
and the t statistic, adjusted for degrees of freedom
and desired confidence interval, yields the upper
confidence level for the point where the patient's field
is confirmed as getting worse.

Fig. 3 graphically displays the 95% confidence
level for change from field 1 to field 2 required to

7.
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Figs. 4 and 5 Plots ofdrop in MS
required to predict a downward
trend in the series as confirmed by
the thirdfield versus confidence
intervalsfor this confirmation.
Fig. 4shows required change in
minimally damagedfields. Fig. 5
shows required changefor
moderate to severely damaged
fields.

predict that field 3 will be depressed by at least 1 dB
relative to field 1 in the upper temporal region of
moderately damaged fields. Table 4 reports the
amount of change in MS required between fields 1
and 2 to predict with 95% confidence that field 3 will
be below field 1 by at least 1 dB for each'of the regions
studied for both minimally and moderately damaged
fields.

Figs. 4 and 5 demonstrate plots of required change
from fields 1 to 2 versus varying confidence intervals
for confirmatory change in field 3 in minimally and
moderately damaged fields.

CHANGE REQUIRED IN dB

0 10 20 30 40 60 60 70 80 90 100
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-UT + LN IB

NOE: NO MODEL FIT FOR UNLT,85 OR TOlJL
Fig.4

CHANGE REQUIRED IN dB
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NOTE: NO MODEL FIT FOR LT REGION
Fig.5
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Discussion

The visual field examination is but one of a series of
tests and evaluations that ophthalmologists use to
determine whether or not a patient's glaucoma is
progressing. Our data indicate that, for eyes with
visual acuity better than or equal to 20/40 and pupil
size greater than or equal to 3 mm, a decrease in
mean sensitivity of between 4 and 7 dB (depending
on the region analysed) is required to predict with
great reliability a continuing downward trend in
sensitivity. The converse is also true: as the change
from field I to 2 becomes smaller, the probability of a
continuing downward trend is less. An average loss of
3-2 dB in moderately to severely damaged fields
corresponds to the 50% confidence interval. In other
words, when the average loss per point in a given
region between the first two fields in our series is 3-2
dB, 50% of the time the third field will confirm the
downward trend.

It should be noted that no statistically significant
regression model could be constructed for the lower
temporal region, even when the two points closest to
the blind spot were removed from the analysis. This is
due to the fact that there was very little deterioration
between the successive fields in this region.
What is perhaps most striking about our findings is

that the degree of depression between the first and
second fields must be quite extensive before the
confidence level is high enough for the third field
to confirm depression. If on the Humphrey field
analyser a normal field might have an MS of 30 dB in
a given quadrant, then approximately 20% (6 dB)
loss of this sensitivity must occur to have a high
predictive value.

Large regions, namely, the entire field, require less
change per spot, but more total loss, than smaller
regions or individual points. In the analysis using
moderately damaged fields the upper temporal

301

quadrant required a 6-9 dB change per point,
whereas the total field required only a 5-49 dB change
per point to be 95% sure that a third field would
confirm this downward trend.

Less total change is required by region than by
total field. From the above example the upper
temporal quadrant requires a total change of 6 9x 19
points, or 131 dB, whereas the total field would
require 5-49x74 points (excluding the two points
nearest the blind spot), or 406 dB. Therefore analys-
ing individual regions for change is more sensitive
than looking at the entire field.
More importantly, regional analysis may detect

change that is not evident from full field analysis, as
demonstrated by the fields in Fig. 6. In this series the
drop in total mean sensitivity between fields 1 and 2 is
3.5 dB. Field 3 is depressed relative to field 1 by 341
dB indicating the 40-50% confidence level. How-
ever, the lower Bjerrum region is depressed by 7-8
dB, which represents the 99% confidence interval
from our models. Field 3 confirms the change for this
region.
Change in mean sensitivity, even though large,

may be due to fluctuation rather than pathological
change. Figs. 7 and 8 demonstrate grey scales of two
series of visual fields where the second field is
depressed relative to the first by 3-95 dB (70%
confidence) and 5-25 dB (92% confidence) respect-
ively. The third field in both these series failed to
confirm this downward trend.

Regional analysis can confirm field deterioration
suspected from looking at the entire field. Fig. 9
shows a series of fields where the MS of the second
field is depressed relative to the first by 5-22 dB (92%
confidence). In this series the lower temporal
quadrant is depressed by 6-74 dB in the second field,
corresponding to the 99% confidence interval. This
region confirms the loss suspected in the total field
analysis at a very high confidence level.

430'

Fig. 6 Grey scales ofthree sequential visualfields performed on a 58-year-old male with glaucoma. There is a 3 5 dB change
in total mean sensitivity betweenfields I and 2. The lower Bjerrum region shows a change in mean sensitivity of7-8 dB which
corresponds to the 97% confidence interval and is confirmed by the thirdfield.
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30w

Fig. 7 Grey scales ofthree sequential visualfields performed on a patient with primary open angle glaucoma. The mean
sensitivity ofthe secondfield is depressed 3 -95 dB relative to thefirst. The thirdfield, performedfour months later, has returned
to nearly the same mean sensitivity as thefirst.

300 300 300

Fig. 8 Grey scales ofthree sequential visualfields performed on a 61-year-old patient with primary open angle glaucoma.
The secondfield is depressed 5-25 dB relative to thefirst, but the thirdfield has returned to a mean sensitivity 0-82 dB greater
than thefirst.

30' +3Q0 ±c0-

Fig. 9 Grey scales ofthree sequential visualfields performed on a 76-year-old male with glaucoma. The 5 22 dB drop in
mean sensitivity was confirmed with a thirdfield. The upper and lower temporal quadrants changed in mean sensitivity by 626
and 674 dB respectively, corresponding to 95% confidence intervals as predicted by our modelsfor moderately damaged
fields.

Werner et al.' presented data suggesting that long- subsequent tests. It was also shown that fluctuation
term fluctuation at any single point could exceed increases with eccentricity and with amount of
35%. Thus a moderately damaged point correspond- damage.67 Our data confirm these findings. We also
ing to 23 dB could fluctuate 8 or more dB between recognised that greater change is required to reach
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the 95% confidence level in more severely damaged
visual fields (Table 4).

Greater numbers of field examinations will lend
themselves to more precise statistical analysis. How-
ever, time, cost, and the patient's endurance limit the
numbers of fields that can reasonably be performed.
We have examined the methodology followed by
many practitioners, that is, the sequential com-
parison of routinely collected visual fields. We are
not advocating this as the best use of computerized
perimetry, but rather are indicating the magnitude of
change required if the practitioner wishes to use this
technique.
Arguments can be made that two or three baseline

fields performed within a short period of time would
provide a better starting point for recognition of
change. This may be so but remains to be proved.
Until then practitioners need to recognise the poten-
tial fluctuation in visual fields over time.

In practice one analyses multiple factors when
making therapeutic decisions about glaucoma
patients. The most prominent of these factors include
the patient's intraocular pressure, the cup to disc
ratio, the presence or absence of optic disc haemorr-
hage, and visual field deterioration. Unfortunately,
data on the predictive validity of these factors are
incomplete.

If doubt exists about the results of a particular field
test, it is wise to repeat the test reasonably soon to
obtain confirmation.

The visual field examination measures a biological
function, and fluctuation is to be expected in the
results. It is our goal to create an awareness of the
magnitude of this fluctuation as it occurs in an actual
clinical setting.
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