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Objective: Evaluate the diagnostic performance of spectral-domain optical coherence tomography (OCT) parameters to
distinguish between healthy, glaucoma suspect, and glaucomatous eyes.

Material and Method: Forty-eight eyes of glaucoma, 48 glaucoma suspect eyes, and 35 healthy eyes were included. The
circumpapillary and macular retinal nerve fiber layer (RNFL) thickness were measured using the Cirrus™ OCT (Carl Zeiss
Meditec, Inc., Dublin, CA, USA). One-way analysis of variance was used to compare the different parameters among groups.
Calculating areas under receiver operating characteristic (AROC) curves evaluated the discriminating power of each
parameter.

Results: The average circumpapillary RNFL thickness in normal, glaucoma suspects, and glaucomatous eyes were
100.31£7.69 um, 90.27+9.22 um, and 71.40+£13.08 um, respectively (p<0.001). The largest AROC curve among the
circumpapillary parameters was the inferior quadrant thickness (0.974, p<0.001). The macular volume had the largest
AROC curves (0.898, p<0.001) of all macular parameters. For glaucoma suspect eyes versus early glaucomatous eyes, the
best value of circumpapillary parameters was inferior quadrant thickness (0.835, p<0.001). Among the macular parameters,
the best value was the macular cube volume (0.766, p<0.001).

Conclusion: Circumpapillary parameters have better diagnostic performance than macular parameters especially the

inferior quadrant thickness that has the best discriminating power.

Keywords: Spectral-domain, Optical coherence tomography, Discrimination, Glaucoma suspect, Glaucoma

J Med Assoc Thai 2013; 96 (6): 689-95
Full text. e-Journal: http://jmat.mat.or.th

Glaucoma manifests clinically as retinal nerve
fiber layer (RNFL) thinning and optic disc cupping
with corresponding functional visual field loss. RNFL
thinning has been accepted as the glaucomatous
structural change that precedes achromatic visual field
(VF) defects. RNFL thickness measurements in the
circumpapillary and macular areas offer early glaucoma
detection®.

Because of the subjective and qualitative
manner of the standard stereoscopic optic disc
photography, several tissue-imaging techniques have
been developed®*. Optical coherence tomography
(OCT) facilitates objective, quantitative, and
reproducible assessment for glaucoma diagnosis.
Several studies confirmed the diagnostic performance
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of time-domain OCT (TD-OCT) for early glaucoma
detection with excellent reproducibility®®. The
introduction of a spectral-domain OCT (SD-OCT)
has offered higher quality RNFL imaging?®.

The purpose of the present study was to
evaluate the diagnostic performances of the Cirrus™
OCT (Carl Zeiss Meditec, Inc., Dublin, CA, USA)
parameters in the circumpapillary and the macular
areas for distinguishing between healthy, glaucoma
suspect and glaucomatous eyes.

Material and Method

A prospective cross-sectional study was
carried out between September 2009 and April 2010.
The research followed the Declaration of Helsinki
guidelines. After the Ethics Committee of Prince of
Songkla University approved the present study, written
informed consent was obtained from each subject.
A complete ophthalmic examination was performed,
including visual acuity (VA), refractive error,
intraocular pressure (IOP) measurement by applanation
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tonometer and stereoscopic disc and macular
examination.

For all subjects, the inclusion criteria included
age 18 to 80 years, best-corrected VA not less than
20/60, refractive error within +5.0 diopters sphere
and 3.0 diopters cylinder, normal anterior segments,
open angles, and normal posterior segments. The
subjects that had any other intraocular or neurologic
diseases that affected the circumpapillary RNFL
(cpRNFL) at the optic disc and macular region,
secondary causes for increased IOP, previous ocular
trauma, previous intraocular surgery or laser surgery,
unqualified VF testing, and poor signal strength
OCT were excluded. After a complete ophthalmic
examination, all subjects underwent pupil dilation
using a drop of 1% tropicamide. A pupil diameter of
at least 5 mm was required for good signal strength.
Cirrus OCT software version 3.0.0.64 (Carl Zeiss
Meditec, Inc., Dublin, CA, USA) was used for RNFL
thickness measurement in this study. All scans were
performed in the same visit for all patients.

Both eyes of each subject were scanned using
the optic disc cube and macular cube algorithms. An
experienced ophthalmic photographer performed all
OCT imaging in the same session. A good quality OCT
image was defined as an image with generalized signal
distribution, no missing sections, and a signal strength
score of at least 7).

An optic disc cube algorithm was used for
cpRNFL thickness assessment. The acquired data
were displayed as an RNFL thickness map, RNFL
thickness deviation, and RNFL TSNIT plot. The global
or average thickness, the thickness in each quadrant
and the thickness in each clock-hour sector were
reported.

A macular cube algorithm was used for the
thickness assessment at the macula. The instruments
then reported the RNFL thickness map in regions
according to the Age Related Eye Disease Study
(AREDS) subfields. The Cirrus software also calculated
a macular cube volume and a macular cube average
thickness.

VFs were tested with achromatic automated
static perimetry with the Swedish Interactive
Threshold Algorithm (SITA) standard 24-2 mode of
the Humphrey Field Analyzer (Humphrey Field
Analyzer; Humphrey Instrument, Dublin, CA). The
qualifying VF was defined as the result that had fewer
than 20% fixation loss and fewer than 33% false
negative and false positive responses in at least two
tests. The VF that had a better pattern standard
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deviation (PSD) was selected for analysis. Two
consecutive VF examinations were accomplished
within three months after OCT examinations. A single
well-trained operator did all the tests. Only one eye of
each subject was randomly chosen for division into
three major diagnostic groups: normal, glaucoma
suspect and glaucoma.

The subjects were classified as normal when
they had an IOP <21 mmHg, open angle, normal
stereoscopic optic disc appearance, and a normal result
on VF testing that was defined as mean deviation (MD)
and PSD values within a 95% confidence limit and a
normal result in the Glaucoma Hemifield Test (GHT).
The subjects were classified as glaucoma when they
had both glaucomatous optic neuropathy and
corresponded VF defects. A glaucomatous optic
neuropathy was defined as including one of the
following criteria: a vertical cup-to-disc ratio that was
>(.6 or an asymmetrical vertical cup-to-disc ratio that
was >0.2, as compared with the contralateral eye, or a
visible RNFL defect. A glaucomatous VF defect was
defined in a SITA standard 24-2 program as including
at least one of the following criteria: a cluster of three
or more contiguous points with a sensitivity loss of
p-value less than 0.5, one of which must have a p-value
of less than 0.01 in a single hemifield of a pattern
deviation map or a PSD that was outside the 95%
normal confidence limits or an abnormal result in a
GHT. The preceding defect, if repeatable on at least
two consecutive VFs, was considered a glaucomatous
field defect. Glaucoma subjects were subdivided into
mild, moderate and severe glaucoma according to the
Hodaap-Parrish-Anderson criteria.

The subjects were classified as glaucoma
suspect based on optic disc appearances that suspected
having glaucomatous optic neuropathy with a normal
result on VF testing and an IOP <21 mmHg.

One eye of each subject in each group was
randomly chosen for analysis. The receiver operating
characteristic (ROC) curves were obtained by
calculating the sensitivity and specificity of a test at
every possible cut-off point. In determining the optimal
cut-off point that best differentiated subjects with the
disease and those without the disease, the best point
for balancing the sensitivity, and specificity of a test
was the point on the curve closest to the (0,1) point.
The minimum value of the expression (1-sensitivity)?
+ (1-specificity)* was used as the best point!?. The
area under the ROC (AROC) and 95% confidence
interval (95% CI) of the AROC were used to assess
the capability of discrimination. A likelihood ratio of
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each test parameter was also calculated. Statistical
analyses were performed using SPSS version 14.0
(SPSS Inc., Chicago, IL) and MedCalc version 9. A
p-value of <0.05 was considered as statistically
significant.

Results

Forty-eight glaucomatous eyes, 48 glaucoma
suspect eyes, and 35 normal healthy eyes were included
in the final analysis. In the glaucoma group, 25 eyes
had early glaucoma, 10 eyes had moderate glaucoma,
and 13 eyes had severe glaucoma. The baseline
demographic data showed no statistical significance
between any of the parameters for the three groups,
except for the vertical cup to disc ratio (p<0.001) and
the MD on visual testing (p<0.001).

The average cpRNFL in normal, glaucoma
suspect, and glaucomatous eyes were 100.31+£7.69 pm,
90.2749.22 pum, and 71.40+13.08 pum, respectively
(p<0.001). The average cpRNFL thicknesses and
thicknesses in each quadrant are summarized in
Table 1. Comparing the quadrant parameters among
the normal, glaucoma suspect and glaucoma group,
all study groups were significantly different from each
other (p<0.001) in the superior, inferior and temporal
quadrants.

The average macular thickness in normal,
glaucoma suspect and glaucomatous eyes were
277.66£8.53 um, 272.19£18.45 um, and 257.02+14.55
pum, respectively (p<0.001). The macular thicknesses
at each OCT parameter are shown in Table 2. ANOVA
and post hoc multiple comparisons tests were used to
compare each parameter among the normal, glaucoma
suspect and glaucoma group. The glaucoma group was
significantly different from the other groups (p<0.05)
in all-macular parameters.

The 2-best AROC values and their best cut-off
points from both optic disc and macular algorithms for
distinguishing between normal versus glaucomatous
eyes and between glaucoma suspect versus early
glaucomatous eyes are shown in Table 3 and 4,
respectively. To discriminate between normal and
glaucomatous eyes, the highest AROC value among
the cpRNFL parameters was the inferior quadrant
RNFL (IQ-RNFL) thickness parameter (0.974,
p<0.001). The macular cube volume had the highest
AROC value (0.898, p<0.001) of all macular parameters
evaluated. For glaucoma suspect eyes versus early
glaucomatous eyes, the best AROC value of cpRNFL
parameters was the IQ-RNFL thickness (0.835,
p<0.001). Among the macular parameters, the highest
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Table 1. The results of circumpapillary RNFL thickness in average and each quadrant of OCT parameters in the normal group, glaucoma suspect group, glaucoma group,

and glaucoma subgroup by severity

p-value*

Glaucoma subgroup
Moderate (n = 10)

p-value*

Glaucoma suspect Glaucoma

Normal

RNFL thickness (microns)

mean (SD)

Severe (n = 13)

25)

75.44 (11.67)

Early (n

<0.001*

62.15 (11.70)

73.03 (13.22)

<0.001*

90.27 (9.22) 71.40 (13.08)

100.31 (7.69)

Average

Quadrants

<0.001
<0.001
<0.001

68.77 (13.43)
65.38 (18.94)
5531 (15.28)
59.62 (9.06)

91.80 (21.24)
80.10 (25.16)
58.80 (7.58)
61.60 (8.26)

92.32 (15.64)
94.48 (20.38)
57.92 (9.71)
63.24 (8.67)

<0.001
<0.001
<0.001

85.83 (19.18)
83.60 (24.13)
57.40 (10.98)
61.92 (8.65)

109.29 (13.74)
116.71 (19.44)
65.13 (8.32)

68.00 (9.21)
optical coherence tomography; SD = standard deviation

129.17 (13.74)
* Analysis of variance (Scheffe post-hoc test)

135.63 (16.18)

Superior

Inferior

69.63 (9.10)
68.00 (9.11)

Temporal

Nasal
RNFL = retinal nerve fiber layer; OCT

0.006

0.001

* Each glaucoma subgroup is significantly different from each other

# Each group is significantly different from each other
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Table 2. The results of RNFL thickness at macular area in each OCT parameters in the normal group, glaucoma suspect group, glaucoma group, and glaucoma subgroup
by severity

692

p-value*

Glaucoma subgroup
Moderate (n = 10)

p-value*

Glaucoma suspect Glaucoma

Normal

RNFL thickness (microns)

mean (SD)

Severe (n = 13)

~25)

Early (n

Areas

<0.001
<0.001
<0.001
<0.001

246.54 (15.03)

264.90 (20.69)
242.50 (18.05)

259.00 (17.16)

<0.001
<0.001
<0.001
<0.001

256.85 (18.32)
244.52 (18.85)

271.13 (13.68)
261.42 (12.14)

257.29 (11.40)

277.97 (12.99)
265.31 (11.08)

260.94 (9.73)

Superior

233.15(21.35)
233.23 (11.94)

251.24 (15.06)
251.76 (21.69)

280.96 (17.06)

Inferior

251.30 (16.24)
282.30 (23.90)

246.65 (19.88)

Temporal

Nasal
Macular cube

264.31 (13.50)

276.73 (19.06)

292.54 (12.66)

294.40 (18.68)

<0.001
<0.001

244.62 (8.63)

260.60 (16.07)

262.04 (12.86)

<0.001
<0.001

257.02 (14.55)
optical coherence tomography; SD = standard deviation

277.66 (8.53) 272.19 (18.45)

Cube average thickness
Cube volume (mm?)

8.80 (0.29)

9.37 (0.57)

9.41 (0.45)

10.03 (0.32) 9.68 (1.29) 9.23 (0.51)

RNFL = retinal nerve fiber layer; OCT

* Analysis of variance

AROC value was the macular cube volume (0.766,
p<0.001).

Discussion

OCT allows direct measurement of RNFL
thickness by in vivo visualization of the retina and
RNFL. Objective methods for measuring the RNFL
thickness may aid physicians in making an early
diagnosis of glaucoma. A good correlation has been
found between the in vivo RNFL thickness and
histomorphometric measurements‘'?.

AROC values have been reported according
to the area and parameters in evaluating the capacity
of cpRNFL parameters. The present study also
confirmed that the highest AROC value was the
IQ-RNFL thickness with a specificity of 100% and
sensitivity of 87.5%, followed by average and superior
quadrant RNFL (SQ-RNFL) thicknesses. Several
studies reported that the IQ-RNFL parameter had
the best diagnostic performance in discriminating
between normal eyes and glaucomatous eyes. The best
AROC ranged from 0.820-0.9711219,

Leite et al evaluated the performance of
SD-OCT according to severity staging based on a VF
index. The largest pooled AROC was for an average
cpRNFL thickness (0.892) followed by IQ-RNFL
thickness (0.881) and SQ-RNFL thickness (0.874)19.
It was difficult to compare the present results with
this study because the staging of glaucoma in the
study was based on a MD value. However, the 3-best
cpRNFL parameters were the same as our results.

A reason why the IQ-RNFL thickness had
the greatest capacity, even in early glaucomatous
damage, might be explained by the study of Leung
et al. They used a Cirrus SD-OCT to analyze the RNFL
defect pattern. A defect at the inferotemporal meridian
accounted for 75% to 80% of the glaucoma patients.
This indicated that the inferior quadrant area might be
most vulnerable for glaucomatous damage and may
explain the results in the study and why the three best
parameters were IQ-RNFL, the average cpRNFL
and SQ-RNFL. They showed that the most common
pattern of early glaucomatous RNFL loss was the
diffuse loss in the inferior quadrant. In moderate to
advanced glaucoma, diffuse loss involving both the
inferior and superior quadrants was the most common
pattern. This might explain why the temporal and
nasal quadrant parameters had less diagnostic capacity
than the inferior or superior quadrants!”.

Concerning the macular area, the thickness
of the macula has been shown to be less than that of
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Table 3. The area under the receiver operating characteristic curves and the best cut-off point for the 2-best parameters
from optic disc and macular algorithm for distinguishing between the normal and glaucomatous eyes

Parameters AROC:s (SE) 95% CI p-value Best cut-off point
Value  Sensitivity  Specificity =~ PLR ~ NLR

Optic disc algorithm

Inferior quadrant ~ 0.974 (0.01)  0.95-0.99  <0.001 111.0 87.50 100.00 0 0.13

Average 0.964 (0.02)  0.93-0.99  <0.001 85.0 89.58 100.00 0 0.10
Macular algorithm

Cube volume 0.898 (0.03)  0.83-0.97  <0.001 9.4 72.92 100.00 0 0.27

Cube average 0.880(0.04)  0.80-0.96  <0.001  262.0 72.92 100.00 0 0.27

AROCs = areas under the receiver operating characteristic curves; 95% CI = 95% confidence interval; SE = standard error;
PLR = positive likelihood ratio; NLR = negative likelihood ratio

Table 4. The area under the receiver operating characteristic curves and the best cut-off point for the 2-best parameters
from optic disc and macular algorithm for distinguishing between the glaucoma suspect and early glaucomatous

eyes
Parameters AROC:s (SE) 95% CI p-value Best cut-off point
Value  Sensitivity ~ Specificity = PLR  NLR

Optic disc algorithm

Inferior quadrant ~ 0.835 (0.05)  0.74-0.93  <0.001 107.0 80.00 81.25 427 025

Average 0.833(0.05)  0.73-0.94  <0.001 85.0 84.00 72.92 310  0.22
Macular algorithm

Cube volume 0.766 (0.06)  0.64-0.89  <0.001 9.3 60.00 89.58 576 045

Cube average 0.765(0.06)  0.64-0.89  <0.001  259.0 60.00 89.58 576 045

AROCs = areas under the receiver operating characteristic curves, 95% CI = 95% confident interval, SE = standard error,
PLR = positive likelihood ratio, NLR = negative likelihood ratio

healthy eyes even in the early stages of the disease!®.
In addition, a significant correlation was found
between the macular thickness obtained by OCT and
VF loss in glaucomatous eyes!"”. However, any
changes in the macula in glaucoma were mostly not
detected clinically. For this reason, several investigators
used OCT and showed the capacity of macular volume
analysis in glaucoma diagnosis!>?*2D, Naithani et al
found that the best macular parameter was the
temporal area (AROC = 0.790)". In the present study,
the macular volume as well as all the thicknesses in
different macular areas of glaucomatous eyes were
shown to be significantly lower than that of healthy
and glaucoma suspect eyes. The macular cube volume
was the best among the macular parameters with an
AROC 0f 0.898 (p<0.001), a sensitivity of 72.92% for
100% specificity. The inferior thickness, however, was
the fourth-best parameter with an AROC of 0.807
(p<0.001). These differences from previous studies
might be due to differences in race and OCT technology.

According to the present study results, the
macular parameters had less discriminating power
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than the cpRNFL parameters, similar to what has been
reported in the aforementioned studies. Guedes et al
also reported that the maximal AROC among macular
parameters was only 0.770 for distinguishing
glaucomatous from healthy eyes. The maximal AROC
among the cpRNFL parameter, however, was 0.940%2,
Recently, Mori et al used the RTvue-100 (Optovue,
Fremont, CA, USA) SD-OCT and specifically measured
the volume of the ganglion cell complex (GCC). The
AROC of the GCC volume (0.922) was significantly
greater than the AROC of the total macular volume
(0.857). The AROC of the GCC volume was still less
than the AROC of the cpRNFL thickness (0.971),
however, the difference was statistically insignificant
(p=0.112)*,

The present study had certain limitations.
First, the sample size was small and patient ages tended
toward an increasing age with glaucoma. Second, the
difference in our AROC values from other studies could
be due to several factors, one of which was ethnicity.
All patients in the present study were Thai. The results
cannot be applied confidently to other ethnic groups.
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Even in studies in other Asian populations, the results
were different among different ethnicities. A study in
a Japanese population by Ojima et al found that the
performance of cpRNFL was better than the macular
parameters. This is the same as our results. However,
the average cpRNFL showed the largest AROC. The
inferior segment was the best among the macular
thicknesses and total macular volume was the
second®. Thus, ethnicity should be taken into
account. Third, ocular hypertension and preperimetric
glaucoma patients whose achromatic visual fields were
still normal were included in the glaucoma suspect
group. Thus, the overlapping of subjects should be a
concern when considering the capacity of SD-OCT
in preperimetric glaucoma discrimination. Further
investigations need to answer the question about the
capability of SD-OCT parameters for progression
prediction and for follow-up. The selective inner
macular layers, GCC, should also be evaluated with
a Cirrus SD-OCT to confirm a better diagnostic
performance. In addition, larger studies with long-term
follow-up are needed to validate our results.

In conclusion, the authors have confirmed that
the overall best performing Cirrus SD-OCT parameter
was the IQ-RNFL thickness. Even though the macular
cube volume also served as the best macular parameter,
the performance was less than the cpRNFL parameter.
The SD-OCT has high-resolution optical imaging
technology that can objectively discriminate healthy
and glaucoma suspect eyes from glaucomatous eyes
even in the early stages of the disease.

Acknowledgement

The present study was supported and
funded by the Faculty of Medicine, Prince of Songkla
University (EC52-336-02-1-2).

Potential conflicts of interest
None.

References

1. Sommer A, Katz J, Quigley HA, Miller NR, Robin
AL, Richter RC, et al. Clinically detectable nerve
fiber atrophy precedes the onset of glaucomatous
field loss. Arch Ophthalmol 1991; 109: 77-83.

2. Quigley HA, Katz J, Derick RJ, Gilbert D,
Sommer A. An evaluation of optic disc and nerve
fiber layer examinations in monitoring progression
of early glaucoma damage. Ophthalmology 1992;
99: 19-28.

3. Tanito M, Itai N, Ohira A, Chihara E. Reduction

694

10.

11.

12.

13.

14.

of posterior pole retinal thickness in glaucoma
detected using the Retinal Thickness Analyzer.
Ophthalmology 2004; 111: 265-75.

Hong S, Ahn H, Ha SJ, Yeom HY, Seong GJ,
Hong YJ. Early glaucoma detection using the
Humphrey Matrix Perimeter, GDx VCC, Stratus
OCT, and retinal nerve fiber layer photography.
Ophthalmology 2007; 114: 210-5.

Sehi M, Grewal DS, Sheets CW, Greenfield DS.
Diagnostic ability of Fourier-domain vs time-
domain optical coherence tomography for
glaucoma detection. Am J Ophthalmol 2009; 148:
597-605.

Li G, Fansi AK, Boivin JF, Joseph L,
Harasymowycz P. Screening for glaucoma in
high-risk populations using optical coherence
tomography. Ophthalmology 2010; 117: 453-61.
Park SB, Sung KR, Kang SY, Kim KR, Kook MS.
Comparison of glaucoma diagnostic capabilities
of Cirrus HD and Stratus optical coherence
tomography. Arch Ophthalmol 2009; 127: 1603-9.
Schuman JS. Spectral domain optical coherence
tomography for glaucoma (an AOS thesis). Trans
Am Ophthalmol Soc 2008; 106: 426-58.

Huang D, Swanson EA, Lin CP, Schuman JS,
Stinson WG, Chang W, et al. Optical coherence
tomography. Science 1991; 254: 1178-81.
Akobeng AK. Understanding diagnostic tests 1:
sensitivity, specificity and predictive values. Acta
Paediatr 2007; 96: 338-41.

Budenz DL, Michael A, Chang RT, McSoley J,
Katz J. Sensitivity and specificity of the Stratus
OCT for perimetric glaucoma. Ophthalmology
2005; 112: 3-9.

Medeiros FA, Zangwill LM, Bowd C, Vessani RM,
Susanna R Jr, Weinreb RN. Evaluation of retinal
nerve fiber layer, optic nerve head, and macular
thickness measurements for glaucoma detection
using optical coherence tomography. Am J
Ophthalmol 2005; 139: 44-55.

Manassakorn A, Nouri-Mahdavi K, Caprioli J.
Comparison of retinal nerve fiber layer thickness
and optic disk algorithms with optical coherence
tomography to detect glaucoma. Am J Ophthalmol
2006; 141: 105-15.

Naithani P, Sihota R, Sony P, Dada T, Gupta V,
Kondal D, et al. Evaluation of optical coherence
tomography and heidelberg retinal tomography
parameters in detecting early and moderate
glaucoma. Invest Ophthalmol Vis Sci 2007; 48:
3138-45.

J Med Assoc Thai Vol. 96 No. 6 2013



15. Gyatsho J, Kaushik S, Gupta A, Pandav SS, Ram neuropathy detected using optical coherence

J. Retinal nerve fiber layer thickness in normal, tomography. Arch Ophthalmol 2003; 121: 41-6.
ocular hypertensive, and glaucomatous Indian 20. Wollstein G, Schuman JS, Price LL, Aydin A,
eyes: an optical coherence tomography study. Beaton SA, Stark PC, et al. Optical coherence
J Glaucoma 2008; 17: 122-7. tomography (OCT) macular and peripapillary
16. Leite MT, Zangwill LM, Weinreb RN, Rao HL, retinal nerve fiber layer measurements and
Alencar LM, Sample PA, et al. Effect of disease automated visual fields. Am J Ophthalmol 2004;
severity on the performance of Cirrus spectral- 138: 218-25.
domain OCT for glaucoma diagnosis. Invest 21. Wollstein G, Ishikawa H, Wang J, Beaton SA,
Ophthalmol Vis Sci 2010; 51: 4104-9. Schuman JS. Comparison of three optical
17. Leung CK, Choi N, Weinreb RN, Liu S, Ye C, coherence tomography scanning areas for
LiuL, et al. Retinal nerve fiber layer imaging with detection of glaucomatous damage. Am J
spectral-domain optical coherence tomography: Ophthalmol 2005; 139: 39-43.
pattern of RNFL defects in glaucoma. 22. Guedes V, Schuman JS, Hertzmark E, Wollstein
Ophthalmology 2010; 117: 2337-44. G, Correnti A, Mancini R, et al. Optical coherence
18. Ojima T, Tanabe T, Hangai M, Yu S, Morishita S, tomography measurement of macular and nerve
Yoshimura N. Measurement of retinal nerve fiber fiber layer thickness in normal and glaucomatous
layer thickness and macular volume for glaucoma human eyes. Ophthalmology 2003; 110: 177-89.
detection using optical coherence tomography. 23. Mori S, Hangai M, Sakamoto A, Yoshimura N.
Jpn J Ophthalmol 2007; 51: 197-203. Spectral-domain optical coherence tomography
19. Greenfield DS, Bagga H, Knighton RW. Macular measurement of macular volume for diagnosing
thickness changes in glaucomatous optic glaucoma. J Glaucoma 2010; 19: 528-34.

d’ _Q = U aQ d’ 74 24 a
aussausvadinsadaananaaladssulnlunnWlumsuenuesszniramilnamnaidesiudanuuas
d’ I~ Y a
minsiluaaity

o [ v oa

Jrzdand Aad, 53% duAmsma, yyve wiigadan

[

P A Aaa o ” a = ' a o
Inadszadd: vietszdiuanssauzmsidadeveainsedeananealpasulnlunsin lumsuenuezseniaing masde

q
Y a

< A ¥ oa
udenty uazminiludaiiu

o~

[

Jaauaz35ms: aviduderiu 48 m minasdedludeniu 48 m uaza1nd 35 1 sumaAaie Tanamnlyszam
4 o o A a = ' o QY A s
vomsevIszammuazeniumw lneldinsoseendnealndisulnluns juwessa lWmsaiansianuuysysiuuuy
o ~ 44' ~ . N Pz . o & o oy . . P
TuunmaneuiewSouinevuaazsimes luudazag AIAUTIALAY receiver operating characteristic (e
UssidumMaamsduunveausazmnines
wamsanwy: ledszamaamsevinszameanlunguannd eiavdeidludony waseindluderiu danunuunay
100.31£7.69, 90.27£9.22 uas 71.40+13.08 lupseu ewary (p<0.001) wuildlnananiigalungumsiimes
souvIszammAeanumnaudeian (0.974, p<0.001) Usuasgasummianunlalaunnigalungumsimes
7 ’ 4
U3IAsUATN (0.898, p<0.001) Tumsvunmiasdedoniuuazmiiudenuszozusnnyilungumnimessouad
I} 14 ! ! 4 !
Uszamanignuilalasnniigafennumndiudygidn (0.835, p<0.001) dwlungumsidimasusoueasummwig
14 ! ! ’
wunlalnansnnigafeysinasgninadgasummn (0.766, p<0.001)
agy: madwnessevialszamminnuannsalumsitedeanimninesusnaeasummn lagamzeg9ginum

[} dy U S o a N d’
AINAGITNNMAIMTUYNUEEZANGA

J Med Assoc Thai Vol. 96 No. 6 2013 695



