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ABSTRACT

Purpose: To determine the mean critical fusion frequency and the short-
term fluctuation, to analyze the influence of age, gender, and thelearning
effectin healthy subjectsundergoingflicker perimetry. M ethods: Study 1
- 95 healthy subjects underwent flicker perimetry oncein one eye. Mean
critical fusion frequency valueswere compared between genders, and the
influence of age was evaluated using linear regression analysis. Study 2
- 20 healthy subjects underwent flicker perimetry 5timesin one eye. The
first 3 sessionswere separated by aninterval of 1 to 30 days, whereasthe
last 3 sessions were performed within the same day. The first 3 sessions
were used to investigate the presence of alearning effect, whereasthelast
3 tests were used to calculate short-term fluctuation. Results: Study 1 -
Linear regression analysisdemonstrated that mean global, foveal, central ,
and critical fusionfrequency per quadrant significantly decreased withage
(p<0.05).Therewereno statistically significant differencesinmeanccritical
fusion frequency values between males and females (p>0.05), with the
exception of the central area and inferonasal quadrant (p=0.049 and
p=0.011, respectively), wherethevalueswerelower infemales. Study 2 -
Meanglobal (p=0.014), central (p=0.008), and peripheral (p=0.03) critical
fusion frequency were significantly lower inthefirst session compared to
thesecond and third ons. Themean global short-term fluctuationwas
5.06+1.13Hz, themeaninterindividual andintraindividual variabilitieswere
11.2+2.8% and 6.4+1.5%, respectively. Conclusion: Thisstudy suggests
that, in healthy subjects, critical fusion frequency decreaseswith age, that
flicker perimetry isassociated with alearning effect, and that amoderately
high short-term fluctuation is expected.

Keywords: Perimetry/methods; Visual perception; Sensitivity and specificity; Vision
disorders/diagnosis

INTRODUCTION

Several psychophysical tests have been developed to detect early
glaucomatous damage, including short wavelength perimetry (SWAP), fre-
quency-doubling technology (FDT), high-pass perimetry, motion automa-
ted perimetry and flicker perimetry@12,

Most studies suggest that flickering stimuli are perceived by the mag-
nocellular ganglion cells**17, which are characterized by fast conduction
velocity, sensitivity to transitory changesin retinal stimulation, low spatial
resolution, high temporal resolution, and ability to detect movement®&19),
The magnocelullar ganglion cells represent only 8-10% of the total popu-
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lation of retinal ganglion cells®® and their loss may be detec-
ted earlier due to a reduction in the redundancy phenome-
non®*¥, However, according to Faubert and Bellavance, the
use of higher temporal flicker rate (16 Hz) and large targets
stimulates the magnocellular pathway, whereas slower flicker
rates (2 Hz) would favor the parvocellular pathways®.

Two methods have been employed to evaluate the visual
field with flickering stimuli. Thefirstisto determinethecritical
fusion frequency (CFF), defined as the frequency at which an
intermittent (flickering) light stimulus of constant illumination
threshold is first perceived as a continuous light®-?2. On the
other hand, intemporal modulation perimetry (TMP), theflicker
rate is fixed at a predetermined tempora frequency and the
threshold is defined as the minimum contrast necessary to detect
theflicker stimulus®?. An advantage of flicker perimetry isthat it
is not influenced by media opacities or blurred vision®24,

In 1992, Matsumoto et al., designed a software that allo-
wed the determination of the CFF using the Octopus equip-
ment®. Although some studies have suggested that flicker
perimetry may be used to detect early glaucomatous dama-
ge®29 there are not enough datain the literature determining
the mean CFF values in healthy subjects, and there are few
studies investigating the influence of age and gender on fli-
cker perimetry.

Hence, we designed a study to determine the mean CFF
and the short-term fluctuation, to analyze the influence of age
and gender, and to investigate the occurrence of a learning
effect in healthy subjects undergoing flicker perimetry. We
intend to use these findings to create a normative database for
flicker perimetry.

METHODS

This study was approved by the Ethics Committee of the
University of Campinas, Brazil. All subjects signed an infor-
med consent before inclusion in the study.

Study 1

Ninety-five healthy volunteers, recruited at the University
of Campinas among the staff and their relatives, underwent
standard achromatic perimetry (SAP) and flicker perimetry
with the Octopus 301 (Haag-Streit - Switzerland) once in one
eye. When both eyes were eligible, we included the right eye,
exception when the left eye had better visual acuity. The
inclusion criteriafor healthy subjectswere: visual acuity >0.8,
refractive error ranging between +5 and -5 spherical diopters
and 3 cylinder diopters, |OP <21 mmHg, absence of optic disc
abnormalities (such as cup/disc ratio >0.5, localized defect in
the neuroretinal rim, nasal cupping, disc hemorrhage, or cup/
disc asymmetry >0.2), and normal resultsin standard achroma-
tic perimetry (SAP) (lessthan 3 adjacent pointswithin p<5% at
the corrected probability plot). Subjects with lens or corneal
opacities, any abnormality in the retina (such as ARMD, dia-
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betic retinopathy, vein occlusion, etc), glaucoma in the other
eye, previous ocular surgery, family history of glaucoma, mi-
graine or neurological disease were excluded.

The ocular examination consisted of dlit-lamp biomicros-
copy, refraction, |OP measurement with Goldmann applana-
tion tonometry, and fundoscopic examination using a 78-diop-
ter lens. Visua field examination was performed with the Octo-
pus 301 using the G1 program and dynamic strategy (59 test
points located at the central 30°, nonlinear stimulus step size,
adapted to the slope of the frequency-of-seeing curve, with-
out reversals) for both flicker and standard automated perime-
tries. The parameters for SAP were: background intensity of
31.4 ash, stimulussize Goldmann 111, maximum intensity 4000
ash, stimulus duration of 100 ms, stimulusluminance step size
increase from 2 dB (near the normal values) to 10 dB (toward
the most depressed levels), the final measured value was cal cu-
lated as the mean between the two last stimuli®). The para-
metersfor flicker perimetry were: background intensity of 31.4
asb, stimulussize Godmann |11, stimulusintensity of 2000 asb,
stimulus duration of 1000 ms, step size equal to 2 Hz near the
normal values of CFF and 4-9 Hz in the range of reduced CFF,
100% contrast (on state 0 dB or 4000 ash, off state 0 asb) and
variable flicker frequency up to 60 Hz (maximum flicker fre-
quency for regular stimuli). An electronic eye fixation control
system interrupts the examination when the patient is not
fixating or closes the eye. When the patient blinks during a
stimulus presentation, the equipment repeats it later during
the test®. The fal se positive response was tested with a 100 Hz
flicker stimulus and the false negative response with a5 Hz
flicker stimulus. Patientswith an unreliable examination (false
positive or false negative responses higher than 33%) were
excluded from this study.

During SAP, the subject was instructed to press the answer
button when the stimulus was seen, whereas during flicker
perimetry the stimulus was always seen, and the subject was
instructed to press the answer button only if the stimulus was
perceived to be flickering. For flicker perimetry, the threshold
valuewasexpressed in Hertz (Hz) rather thanin decibel (dB)@.

Thefollowing parameterswere cal culated: foveal CFF, glo-
bal CFF (including al 59 tested points), CFF per quadrant,
central CFF (mean values of the 26 points located within the
central line contour at 15° from the fovea, with the exception of
thefoveal CFF, asdefinedinfigure 1), and peripheral CFF (mean
values of the 32 points located outside the central line contour,
as defined in figure 1). Mean values for each parameter were
compared between the two genders. The influence of age was
evaluated using linear regression analysis for each parameter.

Study 2

Twenty healthy volunteerswho fulfilled all above mentio-
ned inclusion and exclusion criteriaunderwent flicker perime-
try 5timeswith the Octopus 301 (G1 program - dynamic strate-
gy) inone eye. When both eyeswere eligible, we included the
right eye, exception when the left eye had better visual acuity.
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Figure 1 - Corresponding topographic location for each tested point.
Central points are the 26 points located within the central line contour
(arrow), at 15° from the fovea, and peripheral points are the 32 points
located outside the central line contour. F: foveal; c: central; p: peripheral.

The first 3 sessions were separated by an interval of 1 to 30
days, whereas the last 3 sessions were performed within the
sameday, with 15-minuteintervals.

The test duration, mean global CFF, mean foveal CFF,
mean CFF per quadrant, mean central CFF, mean peripheral
CFF, and rates of false positive and false negative responses
obtained during the first 3 sessions were compared. For this
study, patients with an unreliable examination (with false po-
sitive or false negative responses higher than 33%) were not
excluded from the analysis. The analysis of the first 3 exams
were used to investigate the presence of alearning effect. The
mean of the differences between the highest and the lowest
sensitivity for each tested location during the last 3 sessions
(performed within the same day) were used to calculate the
short-term fluctuation.

For the analysis of theinterindividual variability, the coef-
ficient of variation for each tested location was calculated
using the mean CFF and standard deviation obtained for all 20
subjects during the third session. The intraindividual variabi-
lity was calculated using the average of the mean CFF and the
standard deviation obtained at the third, fourth, and fifth
sessions for each subject (coefficient of variation = standard
deviation divided by mean)®@. We also compared the coeffi-
cient of variation in the central and peripheral areas (as defi-
ned above).

Statistical analysis

The statistical analysis was performed with the SPSS
program (Version 12.0 - SPSS Inc., 2003). The Kolmogorov-

Smirnov test was used to evaluate whether the samples were
normally distributed. Student’ st test was employed to compa-
re continuous variables, analysis of variance (ANOVA) for
repeated measurements was used to compare CFF values per
quadrant, to compare the mean CFF values among the first 3
examinations and to compare the mean CFF values among the
last 3 exams. P values of lessthan 0.05 were considered statis-
tically significant.

RESULTS

Study 1

Among the 95 healthy volunteers who underwent flicker
perimetry, 19 (20%) were excluded dueto an unreliable exami-
nation, all of them due to a high rate of false positive respon-
ses (higher than 33%). Seventy-six subjects were analyzed.
Therewere 48 (63.2%) women and 28 (36.8%) men, 63 (82.9%)
white, 10 (13.2%) black and 3 (3.9%) Asian subjects. Themean
agewas42.1+10.8 years (ranging from 25 to 63 years).

The mean test duration was 10:34+1:53 min (ranging from
7:22 10 16:23 min), the mean percentages of false positive and
false negative responses were 9.6+9.3% and 0.7+2.9%, res-
pectively.

Figure 2 illustrates the mean CFF value and standard de-
viation for each tested point in the study population. Mean
global, foveal, peripheral, and central CFFswere 38.3+4.3 Hz,
36.5+3.5Hz, 38.0+5.0 Hz, and 38.8+3.7 Hz, respectively. The
mean sensitivities per quadrant were 38.1+4.7 Hz, 38.4+4.3 Hz,
38.3+4.5Hz and 38.5+4.8 Hz for the superotemporal , inferotem-
poral, superonasal and inferonasal quadrants, respectively.
There was no statistically significant difference between the
mean CFFsper quadrant (p=0.762). Themean central CFFwas
significantly higher than the mean peripheral CFF (p=0.005).

Males showed mean CFF values significantly higher than
females in the inferonasal quadrant and in the central area
(p=0.011 and p=0.049, respectively). There were no statisti-
cally significant differencesin all other mean CFF val ues bet-
ween malesand females (p>0.05) (Table1).

Linear regression analysis demonstrated that mean global
CFF, foveal CFF, central CFF and mean CFFs per quadrant
significantly decreased with age, however with alow correla-
tion coefficient (R? ranging between 0.087 and 0.173) (Table2).

Study 2

Among the 20 subjects included in study 2, 13 also were
included in study 1. In study 2 there were 8 (40%) women and
12 (60%) men, 17 (85%) white, 2 (10%) black, and 1 (5%) Asian
subject. The mean agewas 28.7+5.7 years (ranging from 19 to
41years).

There were no statistically significant differences among the
first three sessionsregarding test duration (p=0.101), rate of false
positive responses (p=0.674), rate of false negative responses
(p=0.368), andrate of unreliabletests (p=0.093) (Table3).
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Figure 2 - Mean CFFs values (A) and standard deviation (B) for each

tested point. MST: mean superotemporal quadrant; MIT: mean infero-

temporal quadrant; MSN: mean superonasal quadrant; MIN: mean infe-
ronasal quadrant

Themean global CFF obtainedinthefirst test (41.5£3.1 Hz)
was significantly lower than those measured in the second
and third tests, (42.9£3.0 Hz and 42.7+£2.9 Hz, respectively)
(p=0.014). Themean central (p=0.008), and the mean peripheral
(p=0.03) CFFs were significantly lower in the first test com-
pared to the second and third tests. The mean foveal CFF was
also lower in the first test, although the difference was not
statistically significant (p=0.06). The mean CFFs per quadrant
(with the exception of the superotemporal quadrant) obtained
in the first session were significantly lower than those obtai-
ned in the second session (p<0.05). No significant differences
were found between the mean CFF values of the second and
third sessions (Table 4).

Therewere no statistically significant differences between
thelast 3 sessionsregarding the duration of thetest (p=0.212),
rate of false positive responses (p=0.476), rate of false nega-
tiveresponses (p=0.607), and rate of unreliabletests (p=0.651)
(Tableb).

Table 6 showsthe mean CFFsfor thelast 3 sessions. There
were no significant differences between the mean CFF values
of the last 3 sessions (p>0.05).

The mean global short-term fluctuation was 5.06+1.13 Hz
(range: 3.10t0 9.4 Hz). Themean foveal short-term fluctuation
was 3.10+2.27 Hz. The mean short-term fluctuation for the
central area (4.4+0,67 Hz, ranging from 3.25 to 6.3 Hz) was
significantly lower than that obtained in the peripheral area
(5.65+1.31 Hz, ranging from4.35t09.40 Hz) (p<0.001) (Figure3).

The mean interindividual variability was 11.2+2.8% (ran-
ging from 6.4 to 21.7%) (Figure 4). The mean intraindividual
variability was6.4+1.5% (ranging from 4.1t0 13.4% (Figure5).
The intraindividual variability was significantly lower in the
central (mean= 5.5+1.0%) than in the peripheral area (mean=
7.3+2.1%) (p=0.001). The coefficientsof intraindividual varia-
tionwere7.2+2.2%, 6.3+2.1%, 6.5+2.0%, and 5.9+1.3%for the
superotemporal, inferotemporal, superonasal, and inferonasal
quadrant, respectively. The coefficient of variation in the su-
perotemporal quadrant was higher than the coefficient obtai-
ned in the inferonasal quadrant (p=0.031).

Parameter Females mean (SD)
Age (years) 43.2 (£11.2)
Duration (minutes) 10:08 (£1:54)
Central CFF (Hz) 38.2 (¢4.1)
Peripheral CFF (Hz) 37.3 (¥5.5)
Global CFF (Hz) 37.7 (£4.8)
Foveal CFF (Hz) 35.9 (+3.7)
ST CFF (Hz) 37.8 (£5.1)
IT CFF (Hz) 37.8 (£4.6)
SN CFF (Hz) 37.7 (x4.9)
IN CFF (Hz) 37.5 (£5.2)

Table 1. Comparison of mean CFF values between males and females

n=76; CFF=critical fusion frequency; ST=superotemporal quadrant; IT=inferotemporal quadrant; SN= superonasal quadrant; IN=inferonasal quadrant; SD= standard deviation

Males mean (SD) P value (Student's t test)

40.2 (£10.0) 0.246
10:46 (+1:47) 0.135
39.9 (+2.8) 0.049
39.0 (+3.9) 0.171
39.4 (£3.2) 0.101
37.4 (3.1) 0.091
38.7 (+4.1) 0.460
39.5 (+3.6) 0.118
39.4 (3.7) 0.132
40.1 (£3.4) 0.011
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DISCUSSION

Some studies have suggested that flicker perimetry is able
to detect visual field lossin subjects with early glaucomatous
damage. However, these studies vary with regard to stimulus
frequency (in Hz), contrast sensitivity (in dB), and number of
tested points:29:30),

However, before analyzing the effectiveness of flicker

Table 2. Linear regression analysis between age and CFF values
Parameters Coefficient (SE) P value R&
Time -0.016 (0.020) 0.439 0.008
Global mean CFF -0.141 (0.043) 0.002 0.126
Foveal CFF -0.135 (0.034) <0.001 0.172
Central mean CFF -0.143 (0.036) <0.001 0.173
Peripheral mean CFF -0.140 (0.051) 0.008 0.091
Mean ST CFF -0.152 (0.048) 0.002 0.121
Mean IT CFF -0.118 (0.044) 0.010 0.087
Mean SN CFF -0.144 (0.046) 0.002 0.118
Mean IN CFF -0.150 (0.048) 0.003 0.116
n= 76; CFF= critical fusion frequency; ST= superotemporal quadrant; IT=
inferotemporal quadrant; SN= superonasal quadrant; IN= inferonasal quadrant;
SE= standard error; R2= correlation coefficient

perimetry in detecting early glaucomatous visual field loss, it
is important to determine the response to flicker stimuli in
healthy subjects. In a previous study, the results of flicker
perimetry in 34 eyes of patients with ocular hypertension and
34 eyes of healthy subjects were compared. The authors ob-
served that mean CFFswere 39.97+2.19 Hz and 30.60+4.41 Hz
for the healthy and ocular hypertensive subjects, respectively
(p <0.01)®Y. Another study reported that the mean foveal CFF
value for 100 normal subjects was 3814 Hz®?. These findings
are in agreement with our study, which involved 76 healthy
subjects and determined amean global CFF of 38.3+t4.3 Hz.
When temporal modulation thresholds of the central and
peripheral field were measured in 46 eyes with glaucoma and
ocular hypertension, 86% of ocular hypertensive subjects sho-
wed a significant reduction of the temporal modulation thre-
shold in the peripheral field™. The same study reported that
the normal peripheral field had a lower sensitivity than the
central field to detect flicker at 30 HzV. A study published in
1991 analyzed 10 healthy subjects undergoing TM P and obser-
ved that the sensitivity decreased as well as the eccentricity
increased for a40-degreevisual field. Thisdeclinein sensitivity
wasgreater for small target sizes (0.125°, 0.25°, 0.5°) and higher
temporal rates. The author also observed that an increase in

Table 3. Comparison of test duration, rates of false positive responses, false negative responses, and unreliable tests between the first 3 sessions

@» Parameters First session (n=20) Second session (n=20) Third session (n=20) P value
Mean test duration (minutes) 10:54 (+2:38) 11:34 (+2:49) 10:22 (+2:01) 0.101
False positive responses (%) 24.9 (£23.6) 24.3 (£23.2) 17.1 (£14.7) 0.674*
False negative responses (%) 0.95 (£2.49) 0.33 (£1.49) 0.0 (x0.0) 0.368*
Unreliable tests (%) 30 40 15 0.093**
SD= standard deviation; *= Friedman test; **= Cochran test

Table 4. Comparison of mean CFF values between the first 3 sessions
Parameters First session (n=20) Second session (n=20) Third session (n=20) P value
Mean global CFF (Hz) 41.5 (x3.1) 42.9 (£3.0) 42.7(£2.9) 0.014
Mean foveal CFF (Hz) 38.2 (¥4.0) 39.5 (¥3.6) 39.3(x3.8) 0.064
Mean ST CFF (Hz) 41.4 (£3.9) 42.8 (£4.1) 42.8 (£3.5) 0.109
Mean IT CFF (Hz) 40.9 (+3.3) 42.9 (£3.7) 42.7 (£3.4) 0.001
Mean SN CFF (Hz) 42.3 (£3.9) 43.8 (£3.9) 43.1 (£3.2) 0.037
Mean IN CFF (Hz) 41.5(x3.4) 43.3 (£3.1) 42.5 (£3.3) 0.019
Mean central CFF (Hz) 42.0 (x2.7) 43.4 (£2.9) 43.2 (£2.4) 0.008
Mean peripheral CFF (Hz) 41.2 (+3.8) 42.6 (+3.5) 42.4(%3.6) 0.032

IN= inferonasal quadrant

ANOVA for repeated measurements; CFF=critical fusion frequency; ST= superotemporal quadrant; IT= inferotemporal quadrant; SN= superonasal quadrant;

Table 5. Comparison of test duration, rates of false positive responses

S= standard deviation; *= Friedman test; **= Cochran test

, rates of false negative responses, and unreliable tests between
the last 3 sessions

Parameters Third session (n=20) Fourth session (n=20) Fifth session (n=20) P value
Test duration (minutes) 10:22 (£2:01) 10:35 (x2:02) 9:49 (+1:41) 0.212

False positive reponses (%) 17.1 (+14.7) 20.2 (+14.1) 20.0 (+18.4) 0.476*
False negative responses (%) 0.0 (x0.0) 0.38 (x1.70) 0.50 (+2.24) 0.607*
Unreliable tests (%) 15 20 25 0.651**
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Table 6. Comparison of mean CFF values between the last 3 sessions

Parameters Third session (n=20) Fourth session (n=20) Fifth session (n=20) P value
Mean global CFF (Hz) 42.7 (x2.9) 42.6 (+x2.9) 42.6 (+2.8) 0.942
Mean foveal CFF (Hz) 39.3 (¥3.8) 39.2 (¥2.9) 40.0 (+3.6) 0.455
Mean ST CFF (Hz) 42.8 (£3.5) 42.3 (£4.0) 42.7 (£3.4) 0.627
Mean IT CFF (Hz) 42.7 (£3.4) 42.6 (£3.1) 42.1 (+3.7) 0.388
Mean SN CFF (Hz) 43.1 (+3.2) 43.1 (+3.3) 43.2 (+3.1) 0.979
Mean IN CFF (Hz) 42.5 (£3.3) 42.8 (£2.9) 42.4 (£2.9) 0.439
Mean central CFF (Hz) 43.2 (£2.4) 43.3 (+2.5) 43.2 (+£2.6) 0.948
Mean peripheral CFF ( Hz) 42.4 (£3.6) 42.6 (+3.8) 42.0 (¥3.3) 0.642

ANOVA for repeated measurements; CFF= critical fusion frequency; ST= superotemporal quadrant; IT= inferotemporal quadrant; SN= superonasal quadrant;
IN= inferonasal quadrant
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Figure 3 - Mean short-term fluctuation for each tested location

|luminance (from 3.4 cd/m?to 10 cd/m?) improved the sensitivity
throughout the visual field at higher temporal rates (15 Hz)®2.
Although we measured CFF values instead of temporal modu-
lation thresholds, this study confirms that the sensitivity to
flickering stimulus is lower at the periphery. CFF values may
vary depending on the background luminance (adaptation),
athough it is not clear why this phenomenon occurs. In bright
background luminance, peripheral CFF values are higher than
central, whereas in dark background luminance, central CFF
value may be higher than peripheral. * Matsumoto C.

Interestingly, we observed that mean foveal CFF was lo-
wer than the mean central and peripheral areas. This is in
agreement with aprevious study, which also measured alower
mean foveal CFF when compared with CFF valuesin the nasal
or temporal sites(46.9Hz, 56.0 Hz, and 54.2 Hz, respectively) in
healthy subjects??,

*Matsumoto C. Personal Communication, 2005 Jan 20.
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Figure 4 - Interindividual coefficient of variation for each tested location.
ST: superotemporal quadrant; IT: inferotemporal quadrant; SN: supe-
ronasal quadrant; IN: inferonasal quadrant.
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Figure 5 - Intraindividual coefficient of variation for each tested location.
ST: superotemporal quadrant; IT: inferotemporal quadrant; SN: supero-
nasal quadrant; IN: inferonasal quadrant.

Theinfluence of age on the visual fields of normal subjects
undergoing SAP has already been investigated by several
authors, who identified a significant decrease in sensitivity
with age®**9. The sensitivity in blue-on-yellow perimetry also
decreased with age in healthy subjects (0.09 log unit/deca-
de)®. When the effect of aging on TMP sensitivity at 2 Hz and
16 Hz was evaluated in 30 healthy subjects divided into 3 age
groups (40-49, 50-59, 60-70 years), areduction in thelog con-
trast sensitivity with age was detected®. The difference by
decade appeared constant for the lower temporal frequency
condition, whereas at the higher temporal frequency condi-
tion (16 Hz) the decrement appeared first in the central visua
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field and then extended out in the periphery. In another study
that measured flicker sensitivity in 1000 subjects aged 5-75
years, it was observed that CFF values increased at a rate of
almost 4 Hz/decade up to the age of 16 years. After this age,
the CFF values decreased gradually®. A study designed to
establish the relationship between differential luminous thre-
shold and CFF in 28 healthy subjects, showed a reduction of
CFF values with age (0.075 Hz/year) that was similar to the
lossof differential luminousthreshold (0.059 dB/year) measu-
red with SAP®®, Furthermore, in apreviousstudy, whereflicker
perimetry was performed in 100 eyes of 100 normal subjects
(age ranging from 19 to 79 years), the authors reported that
mean CFF values decreased with age (-1 Hz/decade)®. Our
study confirmed that mean CFF values decrease with age.
However, low correlation coefficients were obtained, which
indicatesthat the corrected rate to preview the CFF valuewould
be very low using only age as a parameter.

A limitation of our first study was the number of excluded
patients due to unreliable tests (20%). Most of the unreliable
examinations were due to a high number of false positive res-
ponses. The high false positive response rate is probably se-
condary to thedifficulty in determining the CFF. Asexplained
above, patients are instructed to press the answer button
when the stimulus is noticed to be flickering. The stimulus,
however, is always seen, and some patients may react imme-
diately to the presentation of a stimulus, even if it is not
flickering. Werecognize this as an important limitation of this
strategy, that needs to be overcome if we plan to use it routi-
nely in our clinics. In fact, our second study confirmed that a
high rate of unreliable tests (up to 40%) can be expected when
flicker perimetry isperformed.

The learning effect in SAP, FDT, and SWAP has already
been described by several authors**3-39, |t has been reported
that temporal modulation thresholds at fixed frequencies
show test-retest variability of 15%, and that measurements are
consistently better in the second session as compared to the
first®, In the present study, there were significant improve-
ments in mean CFF values in the second and third sessions
when compared to the first. Interestingly, no significant chan-
ge was observed when mean CFF values from the last 3 ses-
sions were compared, indicating that a learning effect is not
expected after 3 sessions.

One can also measure the learning effect by observing the
subject’s ability to perform reliable examinations. In our stu-
dy, there were no significant differences in the rates of false
positive or false negative responses and unreliable tests nei-
ther among the 3 first sessions, nor among the 3 last tests.

Short-term fluctuations have also been observed in SAP,
FDT, and SWAP“-4), |n a previous study that included 20
healthy subjects who underwent FDT, the short-term fluctua-
tion (calculated as the standard deviation of the mean of the
values of 3 consecutive examinations) was 2.16+0.5 dB, which
represented 8.5% of themean total sensitivity (30.4+1.24 dB)®“2.
In a different study that included 20 healthy subjects under-
going FDT 6 times, the mean SF was 1.72+0.38 dB, which

represented 5.3% of thetotal mean sensitivity (31.91+1.2 dB)“9.
SF has been shown to be greater for SWAP (1.37+0.14 dB)
thanfor SAP (1.24+0.18 dB) (p<0.003), valueswhich represen-
ted 7.3% and 4.2% of the total mean sensitivity (18.7+1.3 dB
and 29.0+1.2 dB), respectively®. In our study, the mean glo-
bal short-term fluctuationwas5.06x1.13 Hz (ranging from 3.10
t0 9.4 Hz), which represented 11.8% of the mean global sensi-
tivity obtained in thelast test (42.6+2.8 Hz)“¥. We al so obser-
ved that the mean short-term CFF fluctuation for the central
area (4.4+0.67 Hz) was significantly lower than that obtained
in the peripheral area (5.65+1.31 Hz) (p<0,001). It is possible
that the above mentioned difficulty in determining the CFF not
only results in high false positive response rates, but also
leads to an increased SF.

In order to develop anormative database, it isimportant to
know theinter and intraindividual variabilities of a given test.
In our study, the mean interindividual and intraindividual va-
riabilities were 11.2+2.8% (ranging from 6.4 to 21.7%) and
6.4+1.5% (ranging from 4.1 to 13.4%), respectively, ratesthat
compare favorably with other perimetric methods?43, Klis-
torner et al., determined the inter and intraindividual variabi-
lity for 30 healthy subjects undergoing objective perimetry,
and found amean coefficient of variation equal to 34.8%+6.9%
(ranging from 23.0% to 52.7%) and 15.2%+4.5% (ranging from
6.8% to 25.9%), respectively®. A study that defined interin-
dividual variability as the statistical variance (in dB?) of the
average threshold sensitivity across all subjects, found a va-
lue equal to 2.6+2.5 dB?for SWAP and 2.5+1.84 dB? for SAP
(which corresponded to 13.9% and 8.6% of the mean sensiti-
vity, respectively)“®. We observed a higher intraindividual
variability in the peripheral area compared to the central area.
Other studies have described higher intra and interindividual
variabilities in the peripheral field with both objective peri-
metry and SWAP®49, |t has been demonstrated that the test-
retest variability increases with visual field eccentricity in
both normal and glaucoma subjects undergoing SAP®. It has
also been found that inter and intraindividual variabilities
increase with eccentricity in normal subjects undergoing
SAP“. Hence, the greater CFF variability in the peripheral
area needs to be considered when developing a normative
database or evaluating progression.

CONCLUSION

This study suggests that CFFs decrease with age, that
sensitivity to flicker stimulusislower at the periphery, and that
CFFs are not significantly influenced by gender, with the ex-
ception of the central areaand inferonasal quadrant. This study
also suggeststhat flicker perimetry isassociated with alearning
effect, and that a moderately high short-term fluctuation is
expected in subjects undergoing such test. Further studies are
under way to determine the correspondence between SAP,
FDT, andflicker perimetry, aswell asto evaluate the sensitivity
and specificity of thistest in the diagnosis of glaucoma.
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RESUMO

Objetivos: Determinar osvalores médiosdafrequénciacritica
de fusdo e a flutuacg&o a curto prazo, analisar a influéncia da
idade, sexo eo efeito aprendizado naperimetria“flicker”. M é-
todos: Estudo 1 - 96 individuos normais foram submetidos &
perimetria"flicker" umavez em umolho. Osval ores médios de
freqUiéncia criticade fusdo foram comparados entre 0s sexos e
ainfluénciadaidade foi avaliada utilizando andlise de regres-
sdolinear. Estudo 2 - 20 individuos normaisforam submetidos
a perimetria “flicker” 5 vezes em um olho. Os 3 primeiros
examesforam realizadosem dias diferentes, comintervalosde
1 a 30 dias, ao passo que os 3 Ultimos foram realizados no
mesmo dia. Resultados: Estudo 1 - A analise de regresséo
linear demonstrou gque as médias de freqiiéncia critica de fu-
sdo global, foveal, central e por quadrante diminuiram signifi-
cativamente com aidade (p<0,05). N&o houve diferenca esta-
tisticamente significante nos valores médios de frequéncia
criticade fusdo entre os individuos do sexo masculino e os do
sexo feminino (p>0,05), com excegdo da &rea central e do
quadrante nasal inferior (respectivamente, p=0,049 e p=0,011),
em que osVvaloresforam menoresno sexo feminino. Estudo 2 -
Os valores médios de frequiéncia critica de fusdo global
(p=0,014), central (p=0,008) e periférico (p=0,03) foram sig-
nificativamenteinferioresno primeiro exame quando compara-
dos a0 segundo e terceiro exames. A média global da flu-
tuacgdo a curto prazo foi igual a5,06+1,13 Hz, avariabilidade
média inter e intra-individual foram, respectivamente, 11,2+
2,8% e 6,4+1,5%. Conclusdo: Este estudo sugere que, em
individuos normais, freqtiénciacriticade fus&o diminuem com
aidade, que perimetria“flicker” estaassociadaaefeito aprendi-
zado e que uma flutuag&o a curto prazo moderada é esperada.

Descritor es: Perimetria/métodos; Percepgao visual; Sensibili-
dade e especificidade; Transtornos da visao/diagnostico
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