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SUMMARY

Purpose: We studied the long-term fluctuation of glaucomatous visual field
defects measured by frequency doubling perimetry to compare that by Humphrey field
analyzer (HFA) over time.

Methods: The subjects included 35 consecutive patients with primary open angle

. glaucoma. Visual fields were examined with HF A central 30-2 and frequency doubling
technology (FDT) threshold c-20 every 4 months within one year. Mean deviation (MD)
and corrected pattern standard deviation (CPSD) measured with HFA were compared
among 3 results. MD and PSD with FDT were compared among 3 results. Long-term
fluctuation was determined as standard deviation of MD and sensitivity at each point
with the 3 results of FDT. Long-term fluctuation of MD was compared between FDT
and HFA. Visual field indices were compared between FDT and HF A at every interval.

Results: Long-term fluctuation of MD with FDT was almost the same as that with
HFA. Long-term fluctuation of sensitivity at each point with FDT did not vary with
eccentricity except at the center. Intraocular pressure and MD and CPSD with HFA did

" not change within one year, but MD and PSD with FDT deteriorated at the third test
results. A significant correlation was found in terms of visual field indices between
FDT and HF A at every interval.

Conclusion: The visual field indices with FDT fluctuated in a similar way to those
with HF A and correlated with those with HF A over time.
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. has been developed to screen for glaucomal(l,2].
I. Introduction . . . . .
This perimeter uses black and white sinusoidal
Frequency doubling technology (FDT, Hum- flicker stimuli at 25 Hz, inducing frequency

phrey-Zeiss and Welch Allyn, Dublin, CA, USA) doubling illusion. FDT detects the highest
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abnormal rate of glaucomatous visual field
defects among 4 perimeters (FDT, blue-on-
yellow perimeter, motion perimeter, standard
white-on-white perimeter of Humphrey field
analyzer, HFA, Humphrey-Zeiss, Dublin CA,
USA) [3] and has shown less fluctuation than
obtained with HFA[4,5]. These reports covered
about one-month follow-up, and the tests were
performed every week. They did not actually
represent clinical practice. To our knowledge,
few reports describing glaucomatous visual
field defects with FDT in a long-term study
have been performed[6-8].

We studied glaucomatous visual field de-
fects measured with FDT over time to compare
those with HFA clinically.

O. Materials and Methods

The subjects for this study included 35 con-
secutive patients (25 men and 10 women) with
primary open angle glaucoma. None had under-
gone glaucoma surgery or laser treatment. All
patients had glaucomatous cupping, glaucoma-
tous visual field defects, and at least 2 occa-
sions of 21 mmHg or greater intraocular
pressure without medication. Glaucomatous
visual field defects with HFA were considered
to be present by the three criteria described by
Anderson and Patella[9]. All had undergone
HFA threshold central 30-2 and FDT threshold
c-20 testing at least twice. They had 0.5 or
better visual acuity. Their ages ranged from 22
to 69 years (mean age, 57.0 years). One eye of
each patient was randomly selected for study.
All patients continued their own antiglaucoma
drops throughout the study. Visual field was
examined with HFA central 30-2 and FDT
threshold ¢-20 every 4 months within one year.
HFA was performed with appropriate near
correction and FDT was performed with far
correction. Both tests were performed on differ-
ent days within one month. Intraocular pressure

was measured by applanation tonometry after
FDT testing. Long-term fluctuation of MD and
sensitivity at each point with FDT was deter-
mined as the standard deviation of the 3
values[10]. Long-term fluctuation of MD with
HFA was also calculated in the same way.
Long-term fluctuation was compared between
FDT and HFA. Mean deviation (MD) and
corrected pattern standard deviation (CPSD)
with HFA were compared among 3 results. MD
and PSD with FDT were compared among 3
results. Intraocular pressure at examination
was compared among 3 results. MD with HFA
at the first test ranged from —26.42 dB to 0.79
dB (mean MD, —9.09 dB, Fig. 1). MD with
FDT at the first test ranged from -18.86 to 0.59

'dB (mean MD, —6.65 dB, Fig. 2). The results in

the left eye were converted to those in the right
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Fig.1 The first mean deviation (MD) with
HFA ranged from early to advanced
proportionally.
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Fig. 2 The first mean deviation (MD) with
FDT had many eyes with relatively
early stage.
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eye.

The results of less than 20% of fixation loss,
20% of false positive, and 33% of false negative
with both perimeters were adopted with both
perimeters.

Statistical analysis was done with one-way
repeated measure ANOVA with posthoc test
(Fisher’s method) for multiple paired compari-
son (MD, PSD, and CPSD), one-way ANOVA
(Fisher’s method) for multiple unpaired com-
parison (long-term fluctuation of sensitivity at
each area), and with Wilcoxon’s signed rank
test for two paired comparison (long-term
fluctuation of MD). The relationship was done
with simple regression analysis (visual field
indices). P<0.05 was estimated as significant.

The research followed institutional guide-
lines and the tenets of the World Medical Asso-
ciation Declaration of Helsinki. We obtained

informed consent from each subject studied.

M. Results

The average interval between the first and
third tests was 8.4 months with FDT and 9.5
months with HFA. Intraocular pressure at

examination with FDT was 17.2 = 0.59 (mean
=+ standard errors) mmHg at the first test, 17.3
+ 0.52 mmHg at the second, and 17.3 £ 0.52
mmHg at the third. No significant differences
were found among the 3 measurements. Average
long-term fluctuation of MD was 1.06 £ 0.098
dB with HFA and 0.94 = 0.12 dB with FDT. No
significant differences were found between HFA
and FDT. Average long-term fluctuation of the
entire field (17 areas) with FDT was 2.57 *£
0.47 dB. Average long-term fluctuation was
2.68 = 0.18 dB in 4 areas within 10 degrees, 2.67
=+ 0.14 dB in 8 areas between 10 and 20 degrees,
and 2.44 &= 0.11 dB in 4 areas on the corner of
the entire field. No significant differences were
found among the three groups. Long-term
fluctuation of sensitivity at each area with
FDT did not vary with eccentricity except at the
center (Fig. 3). MD results and CSPD results
with HFA showed no change among the 3 re-
sults. MD change between the first and third -
HFA tests (third results-first results) ranged
from —3.46 dB to 3.38 dB (mean change, 0.31
dB, Fig. 4). MD change between the first and
third FDT tests (third results-first results)
ranged —6.06 dB to 2.26 dB (mean change,
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Fig.3 Long-term fluctuation of sensitivity in each point with FDT was determined as the standard
deviation of 3 values. Long-term fluctuation in each point with FDT did not vary with
eccentricity except at the center. Upper figures indicate mean and lower figures indicate SE.
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Fig. 4 Frequency distributions of MD change
(third results-first results) with HFA
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Fig.6 MD with FDT deteriorated at the third
test, but HFA did not. (Mean * SE)

—0.81 dB, Fig. 5). MD results of the first,
second, and third FDT test were —6.65 = 0.92
dB, —6.77 £ 0.90 dB, and —-7.46 £ 0.89 dB
(Fig. 6) respectively. The differences were
significant between the first and third (P=
0.0060), and second and third (P=0.0191). PSD
results also deteriorated at the third test (the
first and third P=0.0546, the second and third
P=0.0482)(Fig. 7). A significant correlation
was found in terms of MD between FDT and
HFA at every interval (P=0.0448 at the first
test, P=0.0386 at the second, and P=0.0088 at
the third). The actual value of MD with FDT
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Fig. 5 Frequency distributions of MD change
(third results-first results) with FDT
are shown.
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Fig.7 PSD with FDT deteriorated at the
third test, but CPSD with HF A did not.
(Mean * SE)

became near that with HFA and the significant
level of correlation became higher with time. A
significant correlation was found between PSD
with FDT and CPSD with HFA at every interval
(P=0.0011 at the first test, P<{0.0001 at the
second, and P=0.0008 at the third).

IV. Discussion

Automated perimetry has short-term and
long-term fluctuation[11-13]. Long-term fluc-
tuation includes learning effects(7,14], psycho-
and progression and

physical variation,
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improvement of the pathological process. The
first two results before the present study were
deleted to remove the learning effects. In fact,
no differences between the first and second
results after the study were seen. Since the
present study covered about one year, the long-
term fluctuation included psychophysical varia-
tion, progression, and improvement. Long-term
fluctuation at each test area in our patients
with glaucoma was similar to that in normal
subjects[14].

MD with FDT disclosed that visual field
deteriorated within one year, but HFA did not
show this, although long-term fluctuation of
MD with FDT was a little smaller than that
with HFA. Diffuse loss (MD) and local loss
(PSD) with FDT occurred at the third test.
Whether this deterioration was glaucomatous
or not will need evidence of change of optic disk
topography and thickness of nerve fiber layer
defects, or consequent progression of visual
field defects determined by HFA[8]. In a longi-
tudinal study by Bayer and Erb[8] it was shown
that progression of glaucomatous visual field
deficits by FDT was seen before progression of
field loss by HFA. Long-term fluctuation of
MD with FDT in this study might include
progression.

It was difficult to compare visual field
indices between HFA and FDT directly. HFA
had light sensitivity and FDT had contrast
sensitivity at sinusoidal flickering of 25Hz.
Because stimulus area, range of testing field,
and dynamic range of dB were different between
perimeters, it was impossible to compare them
under the same value. However, there is a sig-
nificant correlation between perimeters regard-
ing visual field indices[4,15], and there was a
significant correlation in our patients at every
interval.

In summary, visual field with FDT fluctu-
ated within one year in patients with glaucoma
in the same way as that with HFA. The visual

field indices with FDT correlated with those
with HFA over time.
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