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Purpose: To determine the effect of cataract on the results of frequency-doubling technology (FDT) perim-
etry.

Design: Consecutive cohort study.

Participants: Forty-four patients with normal ophthalmic examinations, with the exception of cataract,
scheduled to undergo phacoemulsification and posterior chamber lens implantation were prospectively identified
and completed the study.

Methods: All subjects underwent FDT perimetry using the full-threshold C-20 strategy. Both eyes were
tested within 1 month before cataract surgery and up to 3 months after surgery. The unoperated fellow eyes
served as controls.

Main Outcome Measures: Changes in visual acuity (VA), mean deviation (MD), and pattern standard
deviation (PSD) were evaluated. For each subject, the change in MD and PSD in the eye that underwent cataract
surgery was adjusted for change in the control eye that is thought to occur due to a learning effect.

Results: Among the eyes that underwent cataract surgery, the median preoperative VA was 20/60 (range,
20/30-20/800) and the mean preoperative MD was —4.00+3.72 decibels (dB). Postoperatively, the median VA
improved to 20/30 (range, 20/20-20/70) and the mean postoperative MD was —0.26+3.09 dB (P<0.001). Among
the control eyes, MDs were —1.74+3.71 dB preoperatively and —0.94+3.85 dB postoperatively (P = 0.019). The
adjusted improvement in MD among eyes that underwent cataract surgery was 2.94+3.44 dB (P<0.001). There
was no significant change in PSD. Preoperative VA correlated significantly with preoperative MD (r = 0.39, P =
0.01). The improvement in VA correlated significantly with the adjusted improvement in MD (r = 0.38, P = 0.01).

Conclusions: Cataract has an adverse effect on the MD but not the PSD in FDT perimetry. Among eyes with
visually significant cataract, the MD correlates significantly with VA. After cataract surgery, the change in VA
correlates significantly with the adjusted change in MD. Ophthalmology 2004;111:1504-1507 © 2004 by the

American Academy of Ophthalmology.

The diagnosis of glaucoma and the detection of progressive
glaucomatous damage are heavily dependent on visual field
(VF) evaluation. However, it has been demonstrated that in
some eyes a large proportion of retinal ganglion cells are
lost before the development of a reproducible VF defect
using standard, white on white, automated static perime-
try.>? This has led to the development of newer perimetric
techniques, such as frequency-doubling technology (FDT)
perimetry and short-wavelength automated perimetry,
which may be able to detect VF deficits earlier in the disease
course.>®

Although controversial, detection of the FDT stimulusis
thought to be at least partialy dependent on the frequency-
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doubling illusion, in which the spatial frequency of a sinu-
soidal grating appears doubled when it undergoes high
temporal frequency counterphase flicker.6= It is thought
that the frequency-doubling stimulus may, to some degree,
isolate the function of the nonlinear magnocellular ganglion
cell system.3%° Because there is evidence that large-diam-
eter magnocellular ganglion cells are preferentially lost in
glaucoma,™* FDT perimetry may, theoretically, be more
effective in the detection of glaucomatous VF deficits. An
alternative hypothesis is that FDT perimetry may detect
deficits earlier because at low contrast levelsthere are fewer
redundant systems available for the detection of the stimu-
lus. Additionally, there is evidence that the frequency-dou-
bling illusion may be mediated by cortical mechanisms and
is related to phase discrimination difficulties at high tem-
poral frequencies.®

A shortcoming of standard clinical perimetry in the de-
tection of glaucomatous VF progression is the confounding
issue of cataract. It has been demonstrated that cataract
adversely impacts visual sensitivity as measured by stan-
dard automated perimetry.*>™® As demonstrated in large
multicenter, prospective clinical trials such as the Collabo-
rative Normal-Tension Glaucoma Study’’ and the Ad-
vanced Glaucoma Intervention Study,'® progressive lens
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opacity may frequently mimic progressive glaucomatous
VF loss. Glaucoma and cataract are both more prevalent
with increasing age, and additionally, surgical and medical
modalities used in the treatment of glaucoma may them-
selves increase the likelihood of cataract development.

Because it has been demonstrated that the FDT stimulus
may be resistant to refractive blur,**?° we hypothesized that
it may also be resistant to the effects of cataract to some
degree. We prospectively performed FDT perimetry in a
consecutive series of otherwise normal patients scheduled to
undergo cataract surgery, both preoperatively and postop-
eratively, to explore the effect of cataract on the results of
FDT perimetry.

Materials and Methods

Patients =18 years old, diagnosed with visually significant cata-
ract, and scheduled to undergo cataract surgery were prospectively
identified by their attending ophthalmologists and referred to the
study coordinator. Subjects were excluded if any ophthalmic dis-
ease processes other than cataract were present. Exclusion criteria
included refractive error greater than =6 diopters (D) sphereor +3
D cylinder.

Best spectacle-corrected visual acuity (BSCVA) was assessed
by the attending ophthalmologist during each patient’s regularly
scheduled clinical visits. Data regarding preoperative and postop-
erative visual acuity (VA) were obtained from the medical record
during the study visits, which usually occurred on the same days as
the clinical visits.

Within 1 month before cataract surgery, subjects underwent
FDT perimetry with a commercially available instrument (Welch
Allyn, Inc., Skaneateles Falls, NY; Carl Zeiss Meditec, Dublin,
CA) for both eyes. After subjects were instructed regarding testing
procedures, a practice session consisting of a screening mode FDT
test was performed for one eye. After the patient demonstrated an
adequate ability to perform the test, a full-threshold C-20 VF was
performed for each eye, with the patient’s glasses on, and with
normal ambient room lighting. The mean deviation (MD) and
pattern standard deviation (PSD) were reported on the FDT print-
out, and were entered in a database.

Frequency-doubling technology perimetry was repeated, as de-
scribed above, including a practice session, between 3 weeks and
3 months after uncomplicated cataract surgery was performed.
Subjects were excluded from the study if one or more VF tests
were unreliable based on the presence of fixation losses or false-
negative or false-positive response rates of =33%. Patients who
underwent cataract surgery in the control eye before postoperative
VF assessment were excluded from the study.

For each subject, the adjusted improvement in MD or PSD for
the eye that underwent cataract surgery was calculated by subtract-
ing the change (postoperative global index value — preoperative
global index value) in each of those values in the control eye from
the change for that value in the eye that underwent cataract
surgery. This was done to correct for the learning effect that has
previously been described for FDT perimetry.*—23

To determineif changesin threshold sensitivity varied, depend-
ing on the location of the areas of the VF tested, the 5 centra
targets were compared with the 12 peripheral targets. The mean
threshold sensitivity among the 5 central targets was cal culated for
each eye of each subject, both before and after cataract surgery.
The mean threshold sensitivity among the 12 periphera targets
was similarly calculated. Adjusted improvement in mean threshold
sensitivity was then calculated for the group of 5 central targets
and the group of 12 peripheral ones.

Each VF was classified as norma or abnormal. An abnormal
VF was defined as one with =3 contiguous targets with threshold
sensitivity at P<<5%, with at least one of those points being
abnormal at the P<2% level.

Statistical comparisons were performed with 2-tailed, paired t
tests. Correlations between baseline VA and baseline MD and
between improvement in VA and adjusted improvement in MD in
eyes that underwent cataract surgery were explored using regres-
sion analysis with the Pearson product moment correlation coef-
ficient and the Spearman rank correlation coefficient. P<0.05 was
considered significant.

This study was reviewed and approved by the Northwestern
University Office for the Protection of Research Subjects. Each
participant provided written informed consent before enroliment in
this study. This work is compliant with the Health Insurance
Portability and Accountability Act of 1996.

Results

Fifty-two patients completed the study. Among these, at least one
unreliable VF test was obtained for 8 subjects. These patients were
excluded from the study, leaving 44 patients for analysis. The
median age was 67 years (range, 42—89). Twenty-five right eyes
and 19 left eyes underwent cataract surgery. There were no sur-
gica complications in this cohort. The median preoperative
BSCVA was 20/60 (range, 20/30—20/800). The median postoper-
ative BSCVA was 20/30 (range, 20/20-20/70).

The mean MD, PSD, and adjusted MD and PSD are summa-
rized in Table 1. The mean preoperative and postoperative MDs in
eyes that underwent cataract surgery were —4.00+3.72 decibels
(dB) and —0.26+3.09 dB, respectively (P<<0.001). The mean
preoperative and postoperative MDs in control eyes were
—1.74%+3.71 dB and —0.94+3.85 dB, respectively (P = 0.019).
Of the control eyes, some were aready pseudophakic, and some
others had cataract; however, none underwent surgery during the
study period. The mean adjusted improvement in MD among the
eyes that underwent cataract surgery was 2.94+3.44 dB
(P<0.001).

The Pearson product moment correlation coefficient between
the baseline VA and the baseline MD in the eyes that subsequently
underwent cataract surgery wasr = 0.39 (P = 0.01). The Spear-
man rank correlation coefficient was rg = 0.29 (P = 0.06). The
Pearson product moment correlation coefficient between improve-
ment in VA and adjusted improvement in MD wasr = 0.38 (P =
0.01) (for the Spearman, r, = 0.37, P = 0.01).

There was no significant difference in adjusted improvement of
threshold sensitivity between the mean of the 5 central targets
(4.30+4.60 dB) and the mean of the 12 peripheral targets
(3.824.92 dB) (P = 0.39). Among the control eyes, there was
also no difference in improvement between the mean of the 5
central targets (0.77+3.55 dB) and the mean of the 12 periphera
targets (1.18+3.71 dB) (P = 0.40).

Among eyes that underwent cataract surgery, 58.5% had an
abnormal VF before surgery, compared with 14.6% after cataract
surgery. Among the control eyes, 29.3% were abnorma before
surgery in the fellow eye, compared with 24.4% after cataract
surgery.

Discussion

It has been demonstrated that the presence of visualy sig-
nificant lens opacity is associated with aloss of sensitivity,
as assessed by standard achromatic automated static perim-
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Table 1. Mean Deviation (MD), Pattern Standard Deviation (PSD), and Adjusted MD and PSD

Change Adjusted Change*
Preoperative Postoperative (Postoperative — Preoperative) (Postoperative — Preoperative)
MD PSD MD PSD MD P PSD P MD P PSD P
Surgical eyes (n = 44)
—4.00 4.96 —0.26 4.53 3.74 <0.001 -0.43 0.167 2.94 <0.001 —0.31 0.53
(+3.72) (+2.13) (£3.09) (x1.67) (+3.31) (+2.02) (+3.44) (+3.25)
Control eyes (n = 44)
-1.74 5.03 —0.94 4.91 0.80 0.019 —0.12 0.75
(+3.71) (+2.43) (£3.85) (%2.33) (£2.17) (+2.40)

Units for MD and PSD are decibels. All values are listed as mean (standard deviation).
*Adjusted changes in MD and PSD were calculated for each subject by subtracting the change in each of those values in control eyes from the change

in the same value for the eye that underwent surgery.

etry; however, to our knowledge, this has not been previ-
oudly reported using FDT perimetry. In this study using
FDT perimetry, our findings were similar to those previ-
oudly reported for achromatic automated static perime-
try.*#1® We found that surgery for visualy significant cat-
aract is associated with a significant improvement in MD
but not PSD. We aso found a significant improvement in
MD in the control eyes, presumably due to the previously
described learning phenomenon with FDT perimetry.?—23
Even adjusting for the magnitude of improvement in MD in
the control eyes, the eyes that underwent cataract surgery
experienced a significant improvement in MD. The absence
of significant change in PSD was as expected because the
influence of cataract on visual sensitivity diffusely impacts
the entirefield, whereas PSD increasesin the setting of focal
deficits in visual senditivity. This was further corroborated
by the fact that the magnitudes of the adjusted improvement
in threshold sensitivity were similar in both the central and
the peripheral portions of the VF area tested by FDT pe-
rimetry. The MD is the mean of the difference between the
measured threshold sensitivity of al targetstested. The PSD
is the mean of the difference between each sensitivity value
and the normal value, adjusted for the MD. The PSD is an
index of the bumpiness of the visual sensitivity map.

Although the methods utilized in providing routine clin-
ical care for the study subjects likely provided a reasonable
estimate of BSCV A and refractive status, alimitation of this
study is the lack of a standardized technique to determine
these measurements. Errors in the determination of BSCVA
would only impact the analyses to correlate VA with MD
and changes in VA with adjusted changes in MD. With the
use of the low—spatial frequency targets used in the com-
mercially available FDT device, as in this study, errors in
refractive status (up to 6 D) are not likely to have a sub-
stantial impact on MD or PSD.?4%

The hypothesis that the FDT stimulus may be resistant to
the effect of cataract was based largely on evidence that
refractive blur does not result in a dramatic decline in
sensitivity to the FDT stimulus.**2° However, alow MD in
eyes with cataract is not analogous to the effects of refrac-
tive blur, but instead is due to the effects of veiling glare,
which has a more severe impact in contrast sensitivity.?®

Frequency-doubling technology perimetry has been
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shown to be sensitive and specific in the detection of glau-
comatous VF deficits’’* and may be more sensitive than
conventional achromatic automated static perimetry.3*
Therefore, FDT perimetry may ultimately prove valuable in
the serial observation of patients with glaucoma, particu-
larly if thetesting algorithms are refined. As has been shown
with standard perimetry, the effect of progressive cataract
may prove to be a confounding variable in the detection of
progressive glaucomatous VF loss using FDT perimetry.

References

1. Quigley HA, Dunkelberger GR, Green WR. Retinal ganglion
cell atrophy correlated with automated perimetry in human
eyes with glaucoma. Am J Ophthalmol 1989;107:453—-64.

2. Kerrigan-Baumrind LA, Quigley HA, Pease ME, et a. Num-
ber of ganglion cells in glaucoma eyes compared with thresh-
old visua field tests in the same persons. Invest Ophthalmol
Vis Sci 2000;41:741-8.

3. Sample PA, Bosworth CF, Blumenthal EZ, et a. Visual func-
tion-specific perimetry for indirect comparison of different
ganglion cell populations in glaucoma. Invest Ophthalmol Vis
Sci 2000;41:1783-90.

4. Anderson AJ, Johnson CA. Effect of dichoptic adaptation on
frequency-doubling perimetry. Optom Vis Sci 2002;79:88—
92.

5. Delgado MF, Nguyen NT, Cox TA, et a, American Academy
of Ophthamology, Ophthalmic Technology Assessment
Committee 20012002 Glaucoma Panel. Automated perime-
try: a report by the American Academy of Ophthalmology.
Ophthalmology 2002;109:2362—74.

6. Kelly DH. Frequency doubling in visual responses. J Opt Soc
Am 1966;56:1628-33.

7. Kelly DH. Nonlinear visua responses to flickering sinusoidal
gratings. J Opt Soc Am 1981;71:1051-5.

8. White AJ, Sun H, Swanson WH, Lee BB. An examination of
physiological mechanisms underlying the frequency-doubling
illusion. Invest Ophthalmol Vis Sci 2002;43:3590-9.

9. McKendrick AM, Anderson AJ, Johnson CA, Fortune B.
Appearance of the frequency doubling stimulus in normal
subjects and patients with glaucoma. Invest Ophthalmol Vis
Sci 2003;44:1111-6.

10. Johnson CA, Samuels SJ. Screening for glaucomatous visual
field loss with frequency-doubling perimetry. Invest Ophthal-
mol Vis Sci 1997;38:413-25.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Tanna et al - Impact of Cataract on FDT Perimetry

Quigley HA, Sanchez RM, Dunkelberger GR, et a. Chronic
glaucoma selectively damages large optic nerve fibers. Invest
Ophthalmol Vis Sci 1987;28:913-20.

Lam BL, Alward WL, Kolder HE. Effect of cataract on
automated perimetry. Ophthalmology 1991;98:1066—70.
Smith SD, Katz J, Quigley HA. Effect of cataract extraction
on the results of automated perimetry in glaucoma. Arch
Ophthalmol 1997;115:1515-9.

Chen PP, Budenz DL. The effects of cataract extraction on the
visual field of eyes with chronic open-angle glaucoma. Am J
Ophthalmol 1998;125:325-33.

Gillies WE, Brooks AM. Effect of lens opacity on the glau-
comatous field of vision. Aust N Z J Ophthamol 1998;
26(suppl):S19-21.

Hayashi K, Hayashi H, Nakao F, Hayashi F. Influence of
cataract surgery on automated perimetry in patients with glau-
coma. Am J Ophthalmol 2001;132:41-6.

Schulzer M. Errorsin the diagnosis of visual field progression
in normal-tension glaucoma. Ophthalmology 1994;101:1589—
94.

The AGIS Investigators. The Advanced Glaucoma Interven-
tion Study, 6. Effect of cataract on visual field and visua
acuity. Arch Ophthalmol 2000;118:1639-52.

Green DG, Campbell FW. Effect of focus on the visua re-
sponse to a sinusoidally modulated spatial stimulus. J Opt Soc
Am 1965;4:1154—7.

Legge GE, Mullen KT, Woo GC, Campbell FW. Tolerance to
visual defocus. J Opt Soc Am A 1987;4:851-63.

Horani A, Frenkel S, Yahalom C, et a. The learning effect in
visual field testing of healthy subjects using frequency dou-
bling technology. J Glaucoma 2002;11:511-6.

Joson PJ, Kamantigue ME, Chen PP. Learning effects among
perimetric novices in frequency doubling technology perime-
try. Ophthalmology 2002;109:757—-60.

Matsuo H, Tomita G, Suzuki Y, Araie M. Learning effect and
measurement variability in frequency-doubling technology
perimetry in chronic open-angle glaucoma. J Glaucoma 2002;
11:467-73.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Artes PH, NicolelaMT, McCormick TA, et al. Effects of blur
and repeated testing on sensitivity estimates with frequency
doubling perimetry. Invest Ophthalmol Vis Sci 2003;44:646—
52.

Anderson JA, Johnson CA. Frequency-doubling technology
perimetry and optical defocus. Invest Ophthamol Vis Sci
2003;44:4147-52.

Anderson DR, Patella MV. Automated Static Perimetry. 2nd
ed. St. Louis: Mosby; 1999:33.

Quigley HA. Identification of glaucoma-related visual field
abnormality with the screening protocol of frequency doubling
technology. Am J Ophthalmol 1998;125:819—-29.

Cello KE, Nelson-Quigg JM, Johnson CA. Frequency dou-
bling technology perimetry for detection of glaucomatous
visual field loss. Am J Ophthalmol 2000;129:314—22.

Patel SC, Friedman DS, Varadkar P, Robin AL. Algorithm for
interpreting the results of frequency doubling perimetry. Am J
Ophthalmol 2000;129:323—7.

Trible JR, Schultz RO, Robinson JC, Rothe TL. Accuracy of
glaucoma detection with frequency-doubling perimetry. Am J
Ophthalmol 2000;129:740-5.

Bowd C, Zangwill LM, Berry CC, et a. Detecting early
glaucoma by assessment of retinal nerve fiber layer thickness
and visual function. Invest Ophthalmol Vis Sci 2001;42:1993—
2003.

Paczka JA, Friedman DS, Quigley HA, et al. Diagnostic
capabilities of frequency-doubling technology, scanning la-
ser polarimetry, and nerve fiber layer photographs to dis-
tinguish glaucomatous damage. Am J Ophthalmol 2001;
131:188-97.

Thomas R, Bhat S, Muliyil JP, et a. Frequency doubling
perimetry in glaucoma. J Glaucoma 2002;11:46-50.

. Wadood AC, Azuara-Blanco A, Aspinall P, et al. Sensitivity

and specificity of frequency-doubling technology, tendency-
oriented perimetry, and Humphrey Swedish interactive thresh-
old agorithm-fast perimetry in a glaucoma practice. Am J
Ophthalmol 2002;133:327-32.

1507



	Impact of Cataract on the Results of Frequency-Doubling Technology Perimetry
	Materials and Methods
	Results
	Discussion
	References


