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Figure 1. Distribution of visual field (VF) zones and asso-
ciated short-wavelength automated perimetry test points relative
to temporal (T) and nasal (N) retinal positions. Odd-numbered
VF zones are shaded gray.
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Figure 2. Optical coherence tomography 30-degree sectors in
a clock hour distribution relative to temporal (T) and nasal (N)
retinal positions.
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Table 1. Patient characteristics

PSD ZHe AAH
(p<0.05, Table 1).

2). Humphrey AFgAloMAIE
Z7A Al AloFdaAR= 2, 4, 5, 6,
19, 205+, MD Z12]aL PSDof 4

o8t o7} YA 27 Al

r
)
I
<
.>|i

JAkot 30 309k
15.37} °J(8~387H

QFTH(p<0.05, Table
l_-;_LH;d—;L T} HAFLO]
. 15, 16, 17, 18,
fs} | Zjolz

Study subjects (n = 60) (mean + standard deviation)

Control (n = 30) NTG (n = 30) p value’

Male/Female 30 (14/16) 30 (13/17) 0.332
Age (yr) 414 +16.1 452 + 127 0.203
Refractive error (D sph) -1.211 £ 1.101 -1.411 £ 2.911 0.354
IOP* (mmHg) 13.8 +£2.3 14.1+26 0.553
Follow up (mon) 20.74 + 15.22 25.88 + 15.90 0.364
Frequency of OCT® 2.83 +0.74 3.13 £ 0.93 0.391
Frequency of VF!I 2.93 +0.89 3.03 £ 0.85 0.372
Cup/Disc ratio 0.28 + 0.08 0.67 + 0.16 <0.01

Mean deviation (MD) -3.13 +£2.37 -7.92 + 6.83 <0.01

Pattern standard deviation (PSD) 1.91 £ 0.52 6.99 4+ 4.85 <0.01

"NTG = normal tension glaucoma; Tp value = Unpaired 7-test; 0P =

visual field.

Table 2. Baseline retinal nerve fiber layer thickness (um) of control and NTG

intraocular pressure; ocT = optical coherence tomography; Myg =

Clock hour position Mean + standard deviation (um) +
5 w p value
(0’clock) Control group NTG group

1 105.50 + 40.51 100.20 + 24.65 0.596

2 75.79 + 24.06 79.90 + 15.13 0.561

3 52.14 + 12.84 58.13 + 10.37 0.134

4 61.86 + 20.19 62.93 + 11.10 0.853

5 95.57 +23.19 80.40 + 20.12 0.041

6 128.79 + 36.50 95.83 + 28.95 0.050

7 123.93 + 28.47 97.77 + 36.74 0.013

8 66.93 +21.32 65.07 + 20.44 0.786

9 54.64 +12.08 56.33 + 12.13 0.668

10 74.21 + 26.07 75.20 + 14.70 0.896

11 118.36 + 27.95 103.47 + 23.12 0.090

12 122.57 +23.08 100.83 + 29.61 0.011
Total 90.11 + 17.11 81.34 + 16.26 0.116

*NTG = normal tension glaucoma; iv value = Unpaired #-test.

1608 www_ophthalmology.org
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Aol A 24 A9 Akt & bR g
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A foldt MslE Rolz| o¥kth(p>0.05, Table 4). 12|
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Table 3. Baseline visual field parameter of control and NTG

r
—_)‘4:1“
=
ol
o Jo rx
1o
ot

r (e

Lo)5k H3lE B ItH(p<0.05, Table 5).
AlZFASte] g WA RS T W S 1, 2,

3,6, 7, 10, 11, 124] 1

3 AAFEANA YA f

Mean + standard deviation

Visual field zone Control group NTG' group p value'
1 -1.29 +£2.23 -1.80 £ 3.63 0.629
2 -1.21 £ 1.31 -3.83 +£6.20 0.034
3 -1.46 + 0.77 -3.52 £ 6.76 0.111
4 -1.45 + 0.82 -4.44 +6.70 0.022
5 -2.29 + 1.16 -5.08 £+ 6.05 0.021
6 -1.83 + 0.84 -4.61 +6.23 0.023
7 -1.82 + 0.94 -5.71 £+ 8.98 0.026
8 -1.97 +£1.33 -7.27 + 8.97 0.003
9 -1.29 + 1.64 -4.73 +£9.40 0.060
10 -1.00 + 0.96 -1.47 +£3.72 0.648
11 0 0
12 -1.07 + 0.92 -3.80 + 7.92 0.208
13 -1.79 £+ 1.48 -4.33 + 8.60 0.125
14 -2.16 + 1.32 -7.30 £+ 8.21 0.002
15 -1.88 + 0.73 -6.68 + 8.31 0.004
16 -1.79 £ 0.81 -7.43 £+ 8.80 0.002
17 -1.73 £ 1.20 -7.06 +7.23 <0.001
18 -1.50 £+ 2.34 -7.38 + 8.06 0.001
19 -1.29 +1.33 -5.78 £ 7.49 0.003
20 -0.93 + 1.44 -3.37 £5.35 0.026
21 -0.64 + 1.78 -2.97 £5.35 0.122

MD* -2.81+ 1.87 -7.93 +6.83 0.001
PSD* 1.92 +0.52 6.9 + 4.85 <0.001

"NTG = normal tension glaucoma; +p value = Unpaired #-test; ‘MD = mean deviation; ‘PSD = pattern standard deviation.

Table 4. Changes in retinal nerve fiber layer thickness (um) for control and NTG (mean + standard deviation)

Clock hour Control (20.74 + 15.22 months follow up) NTG" (25.88 + 15.90 months follow up)
position (0’clock) Baseline Follow up p value' Baseline Follow up p value'
1 105.50 + 24.65 107.93 + 22.64 0.414 100.20 + 40.51 95.30 + 40.20 0.225
2 75.79 + 15.13 79.64 + 12.53 0.223 79.90 + 24.06 74.97 + 25.92 0.079
3 52.14 + 10.37 54.79 + 11.46 0.498 58.13 + 12.84 52.53 + 17.07 0.069
4 61.86 + 11.10 61.57 £10.63 0.941 62.93 +20.19 56.37 + 18.79 0.021
5 95.57 +20.12 96.79 + 18.66 0.730 80.40 + 23.19 69.83 + 23.52 0.019
6 128.79 + 28.95 132.29 £ 25.20 0.242 95.83 £ 36.50 84.63 £ 33.88 0.008
7 123.93 + 36.74 119.86 + 31.10 0.285 97.77 + 28.47 86.30 + 24.73 0.001
8 66.93 £ 20.44 63.50 £+ 20.95 0.122 65.07 + 21.32 63.53 £ 22.27 0.402
9 54.64 + 12.13 52.57 + 12.25 0.348 56.33 + 12.08 55.03 + 13.44 0.604
10 74.21 + 14.70 72.29 + 13.24 0.377 75.20 £+ 26.07 74.10 + 26.30 0.510
11 118.36 + 23.12 110.93 + 24.55 0.198 103.47 + 27.95 97.20 + 32.47 0.011
12 122.57 + 29.61 119.21 + 27.02 0.417 100.83 + 23.08 90.30 + 24.34 0.001
Total 90.11 + 16.26 89.27 + 14.42 0.697 81.34 + 17.11 75.10 + 16.09 <0.001

"NTG = normal tension glaucoma. ;

Tp value = Paired r-test.

vw . ophthalmology.org
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A wE EHE2 HTH(p<0.05, Table 6). S Lol Al

O] A A ARS A MEF $a= 0.38 pm/month, A AFoLOF= | RO oFoto] AAFH O]o] 3 TEE ZAto]

ol Ao A A FA Bt o A £ 0.1 9lo] to] Lolx| 1 Asto] AFbHE FaE o WA

um/month 2 WER Ui ApstoflAl o] 3has &7t HAd<te] Sl Ao} wol 27|tk 29 o] ZhzE o] gt o

3.54[o] 9t} 2 ola] ujrel 27|AThS 95 whe olTrel 7 AR
S0] AAE U il ofgt o ¥eks & gl

Table 5. Changes in visual fields parameters (db) for control and NTG (mean + standard deviation)

Zone Control (20.74 + 15.22 months follow-up) NTG" (25.88 + 15.90 months follow-up)
(o’clock) Baseline Follow-up p value’ Baseline Follow up p value'

1 -1.29 +£2.23 -4.21 +7.86 0.128 -1.80 + 3.63 -1.77 £ 2.56 0.965
2 -1.21 £1.31 -2.29 £ 2.16 0.037 -3.83 £ 6.20 -2.70 + 4.50 0.145
3 -1.46 + 0.77 -1.61 + 1.48 0.755 -3.52 £ 6.76 -3.48 + 4.70 0.958
4 -1.45 +0.82 -2.60 + 1.90 0.028 -4.44 4+ 6.70 -4.62 +7.02 0.773
5 -2.29 + 1.16 -3.12 £ 1.77 0.072 -5.08 + 6.05 -6.37 + 7.41 0.034
6 -1.83 +0.84 -1.64 + 1.48 0.657 -4.61 +6.23 -5.94 + 8.06 0.068
7 -1.82 + 0.94 -1.73 £ 1.20 0.797 -5.71 + 8.98 -6373 +9.37 0.207
8 -1.97 +1.33 -1.69 + 0.89 0.411 -7.27 + 8.97 -7.47 + 8.92 0.733
9 -1.29 + 1.64 -1.50 £ 1.91 0.711 -4.73 +9.40 -6.27 + 10.13 0.327
10 -1.00 + 0.96 -1.39 + 1.76 0.518 -1.47 £ 3.72 2.17 + 3.43 0.099
11 0 0 0 0
12 -1.07 £ 0.92 -2.29 + 1.64 0.023 -3.80 + 7.92 -4.67 + 7.95 0.271
13 -1.79 + 1.48 -2.00 + 1.30 0.690 -4.33 + 8.60 -5.03 + 7.68 0.430
14 -2.16 + 1.32 -2.29 + 1.77 0.815 -7.30 + 8.21 -7.61 + 7.69 0.675
15 -1.88 £ 0.73 -2.00 + 1.42 0.705 -6.68 + 8.31 -6.30 + 7.46 0.700
16 -1.79 + 0.81 -1.66 + 1.32 0.751 -7.43 4+ 8.80 -7.07 +£7.92 0.674
17 -1.73 £ 1.20 -2.36 + 3.03 0.373 -7.06 + 7.23 -8.34 + 6.84 0.213
18 -1.50 +2.34 -1.82 +2.18 0.644 -7.38 + 8.06 -6.88 + 6.81 0.658
19 -1.29 +£1.33 -1.64 + 1.75 0.502 -5.78 + 7.49 -6.15 + 6.57 0.706
20 -0.93 + 1.44 -2.00 + 4.66 0.289 -3.37 £5.35 -4.93 + 6.58 0.126
21 -0.64 + 1.78 -1.71 £ 2.05 0.073 -2.97 +£5.35 2.47 +3.50 0.554

MD? -2.81+ 1.87 -3.20 £ 2.76 0.902 -7.93 + 6.83 -9.04 + 7.46 0.055

PSD* 1.92 + 0.52 2.76 + 1.90 0.064 6.99 +4.85 7.52 +4.74 0.272

"NTG = normal tension glaucoma; p value = Paired r-test; “MD = mean deviation; *PSD = pattern standard deviation.

Table 6. Rate of changes in retinal nerve fiber layer thickness parameters (um/month) for control and NTG (mean + standard deviation)

*

Clock hour position Control NTG "
(0’clock) (20.74 + 15.22 months follow-up) (25.88 + 15.90 months follow-up) p value

1 0.10 + 0.75 20.46 + 0.11 0.01

2 -0.09 + 0.65 -0.37 + 0.10 0.02

3 -0.08 + 0.58 -0.26 + 0.09 <0.01

4 -0.09 +0.73 -0.27 + 0.08 0.33

5 0.09 + 0.83 -0.37 +0.14 0.60

6 0.11 +0.64 0.45 +0.18 0.01

7 -0.11 +0.75 -0.49 +0.22 0.01

8 0.11 + 0.45 -0.31 + 0.09 0.07

9 -0.09 + 0.36 -0.26 + 0.05 0.07

10 -0.08 + 0.46 -0.37 +0.11 <0.01

11 -0.12 + 0.80 -0.48 + 0.17 0.03

12 -0.13 +0.87 -0.46 + 0.10 0.02

Total 0.11 +0.35 -0.38 + 0.06 <0.01

*NTG = normal tension glaucoma; 1Lp value = Unpaired #-test.
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=ABSTRACT=

Comparison Between Retinal Nerve Fiber Layer Change and Visual
Field Change in Normal Tension Glaucoma

Won Hyuk Lee, MD, Mi Sun Sung, MD, Jun Woo Shin, MD, Joo Hwa Lee, MD

Department of Ophthalmology, Sanggye Paik Hospital, Inje University College of Medicine, Seoul, Korea

Purpose: To evaluate longitudinal changes in retinal nerve fiber layer thickness (RNFL) and visual field in patients with nor-
mal tension glaucoma (NTG).

Methods: Thirty eyes of 30 NTG patients and 30 eyes of 30 normal control subjects were enrolled in the present study.
RNFL thickness was measured using optical coherence tomography (OCT), and visual field tests were performed using a
Humphrey visual field analyzer at baseline and 23.3 £ 15.3 months later. Changes in RNFL thickness at each clock-hour
segment and visual field sensitivities were analyzed. The rates of change in RNFL thickness were also calculated.
Results: Significant differences in RNFL thickness were observed between NTG patients and normal control subjects at
the 5, 6, 7 and 12 o'clock positions at baseline (p < 0.001). At follow-up, the RNFL thickness change was not significant for
normal control subjects, although it was significant for NTG patients at the 4, 5, 6, 7, 11 and 12 o'clock positions (p < 0.001).
Visual field parameters did not change significantly in the normal control subjects or NTG patients. The reduction rates of
RNFL thickness were 0.38 pym/month for the NTG patients and 0.11 um/month for the normal control group, displaying a
3.5-fold faster reduction rate for NTG patients.

Conclusions: The NTG group showed greater reductions in RNFL thickness in the upper and lower sectors over time; how-
ever, the visual field parameters did not change significantly. The results suggest that progression of glaucoma can be de-
tected in an earlier stage using OCT than can be detected using a visual field test.

J Korean Ophthalmol Soc 2010;51(12):1606-1613

Key Words: Longitudinal study, Normal tension glaucoma, Optical coherence tomography, Retinal nerve fiber layer thick-
ness, Visual field test

Address reprint requests to Joo Hwa Lee, MD

Department of Ophthalmology, Sanggye Paik Hospital

#761 Sanggye-dong, Nowon-gu, Seoul 139-707, Korea

Tel: 82-2-950-1096, Fax: 82-2-935-6904, E-mail: jhlee@paik.ac.kr

vww ophthalmology.org 1613




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


