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Influence of Scan Radius Correction for Ocular Magnification
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Purpose: To investigate how optical coherence tomography (OCT) modifies the
preset scan parameters to correct the errors resulting from ocular magnification, the
influence of examiner's final correction of those already modified parameters on
retinal nerve fiber layer (RNFL) thickness measurements, the induced change on
RNFL thickness measurements and RNFL estimated integrals (RNFL __,,,,,., i5,.,.2is)
by adjusting the actual scan radius during RNFL examinations performed by OCT.

Methods: Thirty-five healthy patients underwent an RNFL examination by OCT
four times using different scan radii. The first scan was performed with the preset
circular scan diameter of 3.46 mm; the actual scan diameter was different, however,
because it was modified by the OCT instrument. The second, third, and fourth scans
were generated after readjusting the already modified scan diameter by the examiner
to 3.46, 3.20, and 3.60 mm. The relationship of axial length and refractive error with
the actual scan radius (with ocular magnification calculated by OCT), with the influ-
ence of the examiner's final correction on RNFL thickness measurements, with the
relationship between scan radius with RNFL thickness measurements, and with
RNFL were investigated.

Results: The actual scan diameter was found to be primarily determined by axial
length (R = 0.97, P < 0.0001), but the influence of refractive error was small (R =
-0.26, P = 0.067). Final correction of the actual scan radius by the examiner had a
significant influence on RNFL thickness measurements (P = 0.025). RNFL thickness
measurements obtained without correction of the actual scan radius for magnification
were found to be inversely correlated with axial length (R = -0.54, P = 0.001),
whereas no similar relationship was found when RNFL thickness measurements were
obtained with correction (R = 0.21, P = 0.11). A reciprocal relationship between
I/scan radius with RNFL thickness measurements (they tended to be thinner as scan
radii were increased) was found (R = 0.41, P = 0.169), but RNFL
areas were found to be independent of the scan radius (P = 0.521).

Conclusion: To increase the accuracy of RNFL thickness measurements, it will be
appropriate for the examiner to manually correct the actual scan parameters to the
desired or preset ones after their automatic modification performed by the OCT in-
strument. Keeping the actual scan radius constant for repeated exams is also recom-
mended because RNFL thickness measurements were found to depend on scan size.
Alternatively, RNFL ;. . .- i, uls could be used because they were found to be
independent of the scan size.
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ror—Retinal nerve fiber layer thickness—Scan radius.
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Retinal nerve fiber layer (RNFL) thickness has been
shown to be accurately measured by optical coherence
tomography (OCT).'""* Axial and lateral resolutions of
the OCT instrument have been reported to be approxi-
mately 10 xm and reproducibility has been reported to
be between 11 and 25 xm.>’ Because of these advan-
tages, OCT has been increasingly used for detection of
new glaucoma cases and monitoring of established glau-
coma cases.’” "’

Some examiner-dependent issues of the OCT exami-
nation for RNFL investigation, such as the best clinically
useful scan radius or diameter, have not been thoroughly
studied. Because of the topographical anatomy of the
human RNFL, the circumference and location of the
scanning circle should be kept constant with respect to
the optic nerve head over repeated measurements to de-
crease interobserver and intraobserver variability. The
maintenance of a constant scan radius and circumference
are also important for the development of normal data-
bases.

When the patient's axial length and refractive error
data were entered during an OCT examination, the preset
scan radius was modified by the instrument. The aim of
this automatic modification process was to cancel out the
influence of magnification during the test. After modifi-
cation of the preset parameters, the actual scan radius
that was calculated by the software was displayed on the
monitor.

This study was planned to investigate how the OCT
instrument modifies the selected scan parameters (i.e.,
influence of factors such as axial length and refractive
error on that modification process, the influence of
corrections made by the operator to readjust the
already modified scan radii to the preset or desired
ones, the relationship between RNFL thickness mea-
surements and the scan radius, and the usefulness of
RNFLT,,,  ica inee.ais areas instead of RNFL thickness
measurements as a measure of total nerve fiber count
independent of the scan diameter).

PATIENTS AND METHODS

Thirty-five healthy patients who were admitted to our
eye clinic for the correction of their refractive errors were
enrolled into this study. The following criteria were used
for exclusion from the study: best-corrected visual acuity
poorer than 20/20; macular or retinal disease interfering
with fixation; media problems, such as cataracts and cor-
neal or vitreus opacities; inadequate pupillary dilation
(less than 5 mm); and definite or probable signs of glau-
coma, such as intraocular pressure (IOP) greater than 17
mm Hg, glaucomatous optic disc changes (cup-to-disc
ratio greater than or equal to 0.4 or asymmetric cup-to-
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disc ratios between fellow eyes greater than 0.2), or fam-
ily history of glaucoma.

A routine ophthalmologic examination, including vi-
sual acuity testing, objective refraction with cycloplegia,
biomicroscopic examination, IOP measurement by ap-
planation tonometry, and a dilated fundus examination,
especially of the optic disc, was performed in all patients
before the RNFL thickness measurements. Axial length
was also measured by A scan biometry before the OCT
examination.

Twenty men and 15 women were enrolled into the
study. Patient characteristics are shown in Table 1. The
mean age was 42.6 = 13.8 years (range, 18-68 years).
The mean spherical equivalent of the refractive error was
-1.38 £ 5.65 diopters (D) (range, -6.50 to +4.25 D). The
mean axial length was 23.79 £1.51 mm (range, 21.08-
26.82 mm).

Retinal nerve fiber layer thickness measurements were
done by the commercially available optical coherence
tomography device developed by Humhprey Instru-
ments, (San Leandro, CA). This instrument, which uses
the principle of low coherence interferometry, has been
reported to measure RNFLT directly with a high degree
of accuracy. It uses a low coherent diode light with a
wavelength of 810 nm as a light source for scanning.
Because the OCT device has several clinical applica-
tions, such as retinal disease, glaucoma, and anterior seg-
ment disease, several scanning modes are integrated in
its software. For glaucoma detection and monitoring, use
of circular scanning modes is recommended. The optic
nerve head is located at the center of those circles, and
images are taken from 100 points along the circumfer-
ence. RNFLT at each of those 100 points can be auto-
matically calculated by special software. Then sector
(30°), quadrant (90°), and whole retinal averages are au-
tomatically calculated and displayed.

In this study, before initiating the scanning process, a
personal file for the patient was created and included file
number, name, date of birth, refraction, and axial length
for the two eyes separately. The patient's pupils were
dilated, and the patient was properly seated in the ex-
amination chair and asked to fixate on an internal yel-
low-green light. Then circular scans around the optic disc
were obtained.

An operator monitoring the patient's fundus image on

TABLE 1. Patient characteristics
Mean *
Characteristic standard deviation Range
Age (yrs) 42.6 £ 13.8 18 to 68
Refractive error (diopters) -1.38 +£5.65 -6.50 to +4.25
Axial length (mm) 23.79 £ 1.51 21.08 to 26.82
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a real-time infrared monitor could make fine adjustments
using a control knob or a joystick to locate the optic
nerve head exactly at the center of the circle selected for
scanning. The time required to obtain a single scan was
approximately 1 second, and during that time, the patient
was asked not to blink and to maintain his or her gaze on
the internal fixation light.

The scans were accepted for the study only if the
signal-to-noise ratio was greater than or equal to 56 dB
because our previous observations showed that lower
ratios were associated with reduced reproducibility and
precision (unpublished data). Because patients with me-
dia opacities and poorly dilated pupils were excluded
from the study, scans with high signal-to-noise ratios
could be achieved in al eyes with fine focusing of a low
coherence light beam on the RNFL. In addition to sharp
focusing, equal illumination in al segments of the fundus
image and complete elimination of eye and head move-
ments were also essential for obtaining images of supe-
rior quality.

For this study, the scanning process was repeated at
least four times for both eyes of each patient by using a
different scan radius, diameter, and circumference. Ad-
justments of the scan radius, diameter, and circumfer-
ence were done in the following steps. For the first scan,
one of the most commonly used preset circular scanning
modes (i.e., optic nerve head R = 173 mm) was se-
lected. In this mode, the preset scan radius was 1.73 mm,
the diameter 3.46 mm, and th circumference 10.87 mm.
However, actual projected scan radius, diameter, and cir-
cumference would be different from those preset values
above because they were modified by the OCT instru-
ment to reduce or eliminate the errors resulting from
ocular magnification that occurred during the test. The
actual projected scan radius would be automatically cor-
rected by the OCT instrument and displayed on the
monitor after the patient's axia length and refractive
error data were entered. Therefore, because of that auto-
matic modification, the first scan was obtained aong
different radii, diameters, and circumferences in each
eye, despite the selection of the identical preset param-
eters.

By using an adjustment knob on the control pand of
the instrument, the actual projected scan radius, aready
modified by the OCT software, was then adjusted (cor-
rected) by the examiner to 1.73 mm, and a second scan
was generated. Therefore, in al patients, the second
scans were obtained along the identical and exact scan
actual radius of 173 mm, diameter of 346 mm, and
circumference of 10.87 mm. The examiner adjusted (cor-
rected) the actua projected scan radius to 160 mm in
each patient, and then the third scans were generated by

using the identical actual scan radius of 1.60 mm, diam-
eter of 3.20 mm, and corresponding scan circumference
of 10.05 mm. Fina scans were generated by using the
identical actual projected scan radius of 1.85 mm, diam-
eter of 3.70 mm, and scan circumference of 11.62 mm
for each patient after adjustment (correction) made by
the examiner.

Example

For the particular eye of a patient whose axia length
was 26 mm and refraction was -6 D, the sequence of
scans would be as follows: first scan with actual pro-
jected radius of 18 mm, second scan with actual pro-
jected radius of 173 mm, third scan with actual projected
radius of 160 mm, and fourth scan with actual projected
radius of 180 mm. To decrease intermeasurement vari-
ability, the average of the thickness values obtained on
each of the 100 points aong the whole circumference of
the circular scans (whole retina averages) was used for
data analysis and comparison in the current study. In the
previous studies, the use of quadrant (90°) and sector
(30°) averages was shown to be associated with consid-
erably more variation and thus low reproducibility.”

Data and Statistical Analysis

To calculate the modification of the preset scan radius
by the OCT instrument, the difference between actual
projected scan radius and preset radius (1.73 mm)
was calculated for each eye: radius,,....... (mm) = ra
dius «ma ("") - 173 - - (radius press )

The relationship of axia length and refractive error
with the actua projected scan radius (calculated by the
OCT instrument and displayed on its monitor) was in-
vestigated by using single and multiple linear regression
analysis. Then average RNFL thickness measurements
obtained from the first (using the preset values, no cor-
rection by the examiner) and second (correction by the
examiner and actuad projected scan radius adjusted to
173 mm) scans were compared in each of the eyes with
a paired-samples / test to find out the influence of actua
scan radius correction by the examiner on RNFL thick-
ness measurements. The differences in RNFL thickness
measurements between those two scans were calculated
for each eye, and their correlation with axiad length and
refractive error was also determined.

To investigate the influence of scan radius change on
RNFL thickness measurements, the average RNFL thick-
ness measurements obtained from the second, third, and
fourth scans were compared for each eye by using a
repeated-measures analysis of variance.
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Two assumptions were made: In the peripapillary area,
there is no change in the total number of nerve fibers, and
the RNFL spreads uniformly in each direction. It was
then predicted that a reciprocal relationship should exist
between RNFL thickness and I/scan radius. To test this
model, a correlation analysis was performed between
RNFL thickness measurements and 1/corresponding
scan radii.

Finally, average RNFL thickness measurements ob-
tained from the second, third, and fourth scans taken
from each eye were multiplied with their corresponding
scan circumferences to estimate the integral values of
the total RNFL area: RNFLT,,  vea inreerars (XM°) =
RNFLT,,...,. (XM) x scan circumference (XM).

Then three different products calculated for the sec-
ond, third, and fourth scans were compared by using a
repeated-measures analysts of variance. All the statistical
tests were performed by using the computer program
SPSS for Windows Release 7.0 (SPSS Inc., Chicago, IL).

RESULTS

Modification of the Preset Scan Radius by the OCT
Instrument, Influence of Axial Length, and
Refractive Error

Despite the selection of the preset radius of 1.73 mm,
the actual projected scan radius that was calculated by
the OCT instrument and displayed on the monitor was
found to be between 1.51 and 1.87 mm (1.68 &+ 0.09 mm)
for the study eyes. The mean difference between those
actual projected scan radii with the preset value of 1.73
mm was found to be 0.05 £ 0.09 mm. The actual pro-

jected scan radius was found to have statistically signifi-
cant positive correlation with axial length (correlation
coefficient R = 0.97, R® = 0.94, and P < 0.0001).
However, the relationship between refractive error and
the actual projected scan radius was weak and there was
no statistically significant correlation (correlation coef-
ficient R= -0.26, R* = 0.07, and P = 0.067).

Simple Regression Equations

Simple regression equations are as follows: ra-
clius, ,,;enee (mm) = -1.483 + 0.061 x axial length
(mm): radius.actual (mm) = 0.247 + 0.061 x axial length
(mm); radius,; ... (mm) = -0.072 - 0.0039 x refrac-
tive error (D); and radius (mm) = 1.658 - 0.0039 x
refractive error (D).

actual

Multiple Regression Equations

Multiple regression equations are as follows: ra-
dius, ;..  (mm) = -1.468 + 0.060 x axial length (mm)
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- 0.0032 x refractive error (D); and radius.actual (mm) =
0.262 + 0.060 x axial length (mm) - 0.0032 x refractive
error (D).

It was concluded that the actual projected scan radius
was dependent on axial length but relatively independent
of refractive error, because refractive error was not found
to have any statistical correlation with the actual scan
radius in the simple regression model. If it were included
in the multiple regression model, the R value of the
model would decrease from 0.97 to 0.96 and R* would
decrease from 0.94 to 0.92.

Influence of the Adjustment of Projected Scan
Radius By the Examiner on RNFL
Thickness Measurements

This was done by comparing RNFL thickness mea-
surements obtained in the first and second scans. The
average RNFL thickness was 98.58 + 15.66 xm in the
first scan and 95.09 = 9.06 xm in the second scan. Be-
cause of the use of different actual scan parameters in
each eye, the measurements obtained in the first scans
showed a larger scatter and greater standard deviation as
compared with the ones of second scans, which were
obtained along the fixed actual scan circumference of
10.87 mm. The difference of RNFL thickness measure-
ments in those two scans was found to be statistically
significant (P = 0.025) and inversely correlated with
axial length (correlation coefficient R = -0.63, R* =
0.40, P < 0.0001). Also, RNFL thickness measurements
obtained from the first scan (without correction or ad-
justment of the actual projected scan radius by the ex-
aminer) showed a significant inverse correlation with
axial length (correlation coefficient R = -0.54, R® =
0.29, P = 0.001). In other words, if no final correction
(adjustment) of the actual projected scan radius was
made by the examiner, thinner RNFL thickness measure-
ments would be found for the longer eyes and thicker
RNFL thickness measurements for the shorter ones. No
statistically significant correlation was found between
RNFL thickness measurements with axial length if ap-
propriate correction of the actual projected scan radius
was made (correlation coefficient R = -0.21, R® =
0.04. P = 0.11).

Influence of Scan Radius Change on RNFL
Thickness Measurements and RNFLT Estimated
Integral Areas

Average of RNFL thickness measurements obtained
from the first, second, third, and fourth scans were shown
in Table 2. The influence of the scan radius change on
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TABLE 2. Average (RNFLT) measurements obtained in four
consecutive seans using different radii

Average Range
Radius RNFLT (xm) (xm)
Variable (average, 1.68 mm;
range, 1.51-1.87 mm) 98.58 + 15.56 63-124
1.60 mm 103.29 +9.38 85-123
1.73 mm 95.09 + 9.06 77-113
1.85 mm 88.60 £9.05 69-102

the RNFL thickness measurements was statistically sig-
nificant by a repeated-measures analysis of variance (P <
1).0001). It could be easily seen that average RNFL thick-
ness decreased as the scan radius increased. A strong and
statistically significant correlation wvas found betvveen
RNFL thickness and 1/scan radius (correlation co-
efficient R = 0.411, R* = 0.169, P < 0.0001). The
average RNFLT . . . ..., areas for the second, third,
and fourth seans are shovwn in Table 3. Those three
RNFLT,es e @r€as were close to each other, and
no statistically significant difference betvveen those vvas

found by a repeated-measures analysis of variance (P -
0.521).

DISCUSSION

Although OCT technology allows high-quality cross-
sectionai images of the retina in vivo, quantitative mea-
surement of RNFL thickness and contour stili pose some
technical difficulties. Some researchers have pointed out
that OCT seans vvere closely matched wvith retinal his-
tology, vvhereas others have failed to show such a cor-
respondence.'™'""'* Also, despite the increasing use of
OCT for detection of new glaucoma cases and follow-up
of established cases, disproportionate results betvveen
OCT and other structural tests, such as red-free nerve
fiber layer photography, nerve fiber analyzer (NFA), and
Heidelberg Retina Tomograph (HRT), could occasion-
ally.be detected in some instances.’

The following issues could be suggested as potential
sources of the discrepancy betvween RNFL thickness
measurements obtained by OCT with those found in his-
tologic measurements in the same retinal locations: in-
adequate resolution power and light source,"” limited
TABLE-3. Average

(RNFLT i e Values for the

repeated seans
Average
(RNFLT s imtegear) Range
Radius (xm2) (xm2)

1.60 mm or 1,6(X) u.m
1.73 mm or 1,730 um
1.85 mm or 1,850 j.m

1,038,020 94,232
1,034,2<X)+ 99,700
1,030,300 £ 105.260

854,250-1,236,150
836,990-1,228,310
801,780-1,185.240

number of test points,™"’ directional reflectance property
of RNFL""'" (deviation from perpendicular orientation
of only 8° wvould cause RNFL signal to decrease by a
factor of 10), instrument's softvvare which delineates the
borders of RNFL and calculating RNFL thickness," in-
adequate pupillary dilation, media opacities, ocular mag-
nification," natural variability of axon count, inadequate
histologic data on topographic anatomy of human
RNFL, """ and patient age. Because of these difficulties,
normal databases could not be developed. Because the
causes are diverse, solutions must be different for each of
these technieal issues. Resolution povver, light source,
number of test points, and softvvare improvements have

been recently addressed in a second-generation OCT de-
19

vice.

More clinical studies are needed to understand the
influence of pupil size, media opacities, and patient age
on RNFL thickness measurements, and histologic studies
are necessary for improving our understanding of normal
topographical anatomy of the RNFL and axon count of
patients with and without glaucoma. Conversely, im-
proving the accuracy of RNFL thickness measurements
can also be possible vvithout any need for modifying the
softvvare or hardware of the currently available instru-
ment by simply taking the measurements along identical
cireles in every circumstance and trying to keep the ac-
tual scan parameters constant. To our knowledge, there
has been no published study investigating the patient-
related factors influencing the actual scan size projected
onto the peripapillary RNFL by the OCT instrument. The
effects of magnification during optic nerve head topo-
graphic measurements vvere published, and appropriate
softvvare for its correction vvas integrated into optic nerve
head analysers such as HRT.?*' In a study in wvhich
various methods for correction of ocular magnification
vvere compared, it was found that axial length wvas the
most important parameter, and keratometry and refrae-
tive error vvere not found to be as accurate as axial
length.” In another study, the magnification character-
istics of various fundus imaging systems vvere investi-
gated and the researehers found that there vvere two dif-
ferent groups of instruments. In most of them, the mag-
nification vvas found to depend only on the axial length
(telecentric systems), vvhereas the magnification in the
remaining instruments vvas found to be somewhat influ-
enced by the refractive error also (nontelecentric sys-
tems).” In the telecentric systems, any emergent ray of
light from the fundus becomes parallel to the optical axis
after refraction by the camera's imaging system.”

During an OCT examination, the selected preset scan
radius is automatically modified by the instrument's soft-
vvare and the calculated actual scan radius is displayed on

./ Glmuomu. Vat. 10. No. .i. 2001


http://ally.be

168 S. BAYRAKTAR ET AL.

the monitor. This modification of the preset scan radius
is assumed to be performed to overcome the magnifica-
tion produced by the patient's eye. However, the auto-
malic correction of ocular magnification by the OCT
instrument does not mean that adjustment of the scan
radius has been completed. A final correction should be
made to reach the desired scan parameters because the
actual scan radius has been already changed by the in-
strument. The OCT instrument does not automatically
make that final correction and the examiner herself must
make it by using a control knob, not by changing the
preset parameters.

In the current study, the first investigated issue was
how the OCT instrument could calculate the ocular mag-
nification and modify the preset scan parameters. To an-
swer this, we used statistical methods to find out the
influence of some patient-related parameters, such as
axial length and refractive error, because no information
was given by the manufacturer in the instruction manual.
It was found that axial length was the primary determi-
nant of the actual scan size projected on the RNFL,
whereas the influence of refractive error was small and
could be negligible. It was found that for each 1-mm
increase in axial length, the actual projected scan radius
increased approximately 0.06 mm or 3.5% (e.g., from
1.73 to 1.79 mm). Whereas large changes in refractive
error, for example = 10 D would result in only a 0.03-mm
(£2%) change in actual scan diameter. Because the mag-
nification of the OCT instrument highly depended on
axial length, it could be classified as a telecentric imag-
ing device.

In our study, RNFL thickness measurements that were
obtained after final correction made by the examiner
were found to be statistically different from those found
by merely entering the preset scan radius without cor-
rection of the scan radius by the examiner. If final cor-
rection was not performed by the examiner, the RNFL
thickness would be found to be thinner than it was in
long eyes, probably because scans were generated at
much longer distances from the optic disc, and thicker in
short eyes because of the proximity of the scanning
circles to the optic disc. The amount of measurement
error was found to be statistically correlated with axial
length data. This will ultimately lead to increased inci-
dence of glaucoma diagnosis (because of a thinner
RNFL) in myopic eyes with longer axiallength and de-
creased incidence (because of a thicker RNFL) in hyper-
opia patients with short axial lengths during OCT exami-
nations. This is an important finding and implies that
final correction of the actual projected scan radius, al-
ready modified by the instrument, should be done in
every patient and especially in the studies investigating
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the relationship of RNFL thickness measurements with
axial length or refractive error. Although not investigated
in the current study, estimates of sensitivity, specificity,
and areas under the receiver operating characteristic
(ROC) curve for differentiating between eyes with and
without glaucoma may be improved by obtaining RNFL
thickness measurements after appropriate correction of
actual scan radius.

The optimal scan radius or circumference along which
RNFL thickness measurements should be performed has
not been adequately investigated and is still unknown.
Schumann et al.”> recommended the use of a 3.45-mm
circumference because they pointed out that it was asso-
ciated with better reproducibility. In our study, RNFL
thickness was found to become thinner as the scan radius
and circumference were increased. This was evident also
after final correction of the actual scan radius by the
examiner. A reciprocal relationship was found between
the RNFLT and scan radius. RNFL thickness measure-
ments were found to be proportional to I/scan radius.
This was not an unexpected result because it was as-
sumed that there was no change in the total number of
nerve fibers in the peripapillary region and that the
RNFL spread uniformly in each direction. Because of the
dependence of RNFL thickness measurements to the
scan radius and thus circumference as shown in the cur-
rent study, separate nomograms must be developed for
each particular scan radius or other measures indepen-
dent of and not influenced by the scan radius must be
found.

Retinal nerve fiber layer total area could be such a
parameter. It was assumed to give a more meaningful
estimation of the total amount of retinal nerve fiber
bundles, whereas RNFL thickness showed only the den-
sity. We knew from histologic studies that RNFL thick-
ness and density decrease as the distance from optic
nerve head increases.””'* Also, especially in cases of
high myopia and tilted discs, RNFL thickness may show
localized differences that do not usually imply an abnor-
mality and RNFL total area can be in the normal range.

In the current study, RNFL total area could be only
roughly estimated by multiplying the average RNFL
thickness by its corresponding scan diameter along
which it was obtained. Because it was only an estima-
tion, we termed it RNFL_ ... e Although we
used RNFL_, ... i iDStead of the true RNFL total
area, we found that three different RNFL ;. i
calculated for three consecutive scans (by using different
scan radii) taken from the same eye were found to be
statistically similar. Because RNFL_, 0o iegs WETE
found to be independent of the scan radius and were
relatively constant for a particular eye, it was concluded
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that their use as a measure of total number of nerve fiber
bundles seemed to be justified. Precise calculation of
RNFLA automatically wvith a special softvvare integrated
into the OCT instrument wiil be more ideal and undoubt-
edly will improve our estimation of calculating the total
number of surviving RNFL bundles and is thus strongly
recommended.

In conclusion, we think that it vvould be possible to
increase the accuracy and precision of RNFL thick-
ness measurements with the current OCT instrument
and softvvare by simply trying to keep the scan param-
eters constant in all patients. In order to get rid of the
magnification produced by the patient's eye, readjust-
ment of the already OCT instrument-modified scan pa-
rameters by the examiner is found to be necessary. Also,
the use of other measures independent of scan size, such
as RNFL mess 18 8IS0 recommended because
RNFL thickness measurements vvere found to be largely
dependent on scan radius.

‘cstimated

REFERENCES

1. Hee MR, Izatt JA, Svvanson EA, et al. Optical coherence tomog-
raphy of the human retina. Arch Ophthalmol 1995;! 13: 325-32.

2. Schuman JS, Hee MR, Puliafuo CA, et al. Quantification of nerve
fiber layer thickness in normal and glanicomatous eyes using op-
tical coherence tomography. Arch Ophthalmol. 1995;! 13:586-96.

3. Picroth L, Schuman JS, Hertzmark E, et al. Evaluation of focal
defects of the nerve fiber layer using optical coherence tomogra-
phy. Ophthalmology 1999;106:570-9.

4. Parisi V, Manni G, GandolR SA, et al. Visual function correlates
wvith nerve fiber layer thickness in eyes affected by ocular hyper-
tension. Invest Ophthalmol Vis Sci 1999;40:1828-33.

5. Gurses-O/.den R, Ishikavva H, Hoh ST, et al. Increasing sampling
density improves reproducibility of optical coherence tomography
measurements. J Glaucoma 1999;8:238-41.

6. Mistlberger A, Lichmann JM. Greenfield DS, el al. Heidelberg
retina tomography in normal, ocular-hypertensive and glaucoma-
touseyes. Ophthalmology 1999;106:2027-32.

7. Bowd C, VVeinreb RN, VVilliams JM, el al. The relinal nerve fiber

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

layer thickness in ocular hyperiensive, normal and glancomatous
eyes with optical coherence tomography. Arch Ophthalmol 2000;
118:22-6.

. Hoh ST, Greenfield DS, Mistlberger A, et al. Optical coherence

tomography and scanning laser polarimetry in normal, ocular hy-
periensive and glancomatous eyes. Am J Ophthalmol 2000; 129:
129-35.

. Teesalu P, Tuulonen A, Airaksinen PJ. Optical coherence tomog-

raphy and localized defects of the retina! nerve fiber layer. Acta
Ophthalmol Scand 2000;78:49-52.

Zangwill LM, Williams J, Berry CC, et al. A comparison of optical
coherence tomography and retinal nerve fiber layer photography
for detection of nerve fiber layer damage in glaucoma. Ophthal-
mology 2000;-107:1309-15.

Huang Y, Cideciyan AV, Papastergiou Gl. Relation of optical
coherence tomography to microanalomy in normal and rd chick-
ens.-invest Ophthalmol Vis Sci. 1998;39:2405-16.

Chauhan DS, Marshall J. The interpretation of optical coherence
tomography images of the retina. Invest Ophthalmol Vis Sci. 1999;
40:2332-42.

Varma R, Skaf M, Barron E. Retinal nerve fiber layer thickness in
normal human eyes. Ophthalmology 1996; 103:2114-9.

Dichtl A, Jonas JB, Naumann GO. Retinal nerve fiber layer thick-
ness in human eyes. Graefes Arch Clin Exp Ophthalmol 1999;237:
474-9.

Huang D, Swanson EA, Un CP, et al. Optical coherence tomog-
raphy. Science. 199 1;254:1178-81.

Knighton RW, Bavarez C, Bhattacharya A. The directional reflec-
tance of the retinal nerve fiber layer of Ihe toad. Invest Ophthalmol
Vis Sci 1992;33:2603-11.

Knighton RW, Huang X-R. Directional and spectral reflectanee of
rat retinal nerve fiber layer. Invest Ophthalmol Vis Sci 1999:40:
639-47.

Raasch T. Funduscopic systems. Magnification in amelropia and
aphakia. 4m J Optom Physiol Opt\985;62:19-24.

Drexler W, Morgner U, Ghanta RK, et al. Ultrahigh resolution and
spectroscopic optical coherence tomography of the human relina.
ARVO Ahstracts 2000;41:93.

Garway-Healh DF, Rudnicka AR, Lowe T, et al. Measurements of
optic disc size: equivalence of methods to correct for ocular mag-
nification. Br J Ophthalmol 1998;82:643-9.

Hosking SL, Flanagan JG. Prospective study design for ithe Heidel-
berg Retina Tomograph: the effect of change in focus setting.
Graefes Arch Clin Exp Ophthalmol 1996;234:306-10.

Rudnicka AR, Burk ROW, Edgar DF, et al. Magnification char-
acteristics of fundus imaging systems. Oplithalmolouv 1998; 105:
2186-92.

J Ulmtcomu. Vol. 1. \o. .2. 20DI



