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Àπà«¬μâÕÀ‘π ¿“§«‘™“®—°…ÿ«‘∑¬“ §≥–·æ∑¬»“ μ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬ ‚√ßæ¬“∫“≈®ÿÃ“≈ß°√≥å  ¿“°“™“¥‰∑¬

Spectral-domain Optical Coherence Tomo-
graphy: Macular Analysis in Glaucoma

 ÿ≥’ ®—π∑√å· ß‡æÁ™√å, æ.∫.

ºŸâπ‘æπ∏å‰¡à¡’ à«π‡°’Ë¬«¢âÕßÀ√◊Õº≈ª√–‚¬™πå„¥Ê °—∫º≈‘μ¿—≥±å∑’Ë‰¥â°≈à“«Õâ“ß∂÷ß„π∫∑§«“¡π’È

μâÕÀ‘π‡ªìπ‚√§¢Õß¢—È«ª√– “∑μ“ (optic neuropathy)

´’Ëß¡’≈—°…≥–°“√‡ª≈’Ë¬π·ª≈ß∑“ß‚§√ß √â“ß (structural

change) ‰¥â·°à °“√≈¥®”π«π≈ß¢Õß retinal ganglion cells

(RGC)  àßº≈„Àâ¡’°“√∫“ßμ—«≈ß¢Õß retinal nerve fiber

layer (RNFL) ·≈–°“√∫“ßμ—«≈ß¢Õß neuroretinal rim

∑’Ë¢—È«ª√– “∑μ“ √à«¡°—∫°“√‡ª≈’Ë¬π·ª≈ß∑“ßÀπâ“∑’Ë (func-

tional change) ÷́Ëß°Á§◊Õ§«“¡º‘¥ª°μ‘¢Õß≈“π “¬μ“∑’Ë¡’

≈—°…≥–‡©æ“–μ—«¢Õß‚√§μâÕÀ‘π °“√μ√«®∑“ß‚§√ß √â“ß¢Õß

μâÕÀ‘π„πªí®®ÿ∫—π‡ªìπ°“√¥Ÿ≈—°…≥–¢—È«ª√– “∑μ“·≈– retinal

nerve fiber √Õ∫Ê¢—È«ª√– “∑μ“ (peripapillary retinal

nerve fiber layer; pRNFL) ́ ÷Ëß‡ªìπμ”·Àπàß∑’Ë¡’ variability

 Ÿß·¡â„π§πª°μ‘‡Õß ®÷ß‡ªìπ¢âÕ®”°—¥¢Õß°“√π”¡“„™â‡æ◊ËÕ

™à«¬„π°“√«‘π‘®©—¬·≈–μ‘¥μ“¡‚√§μâÕÀ‘π1

Macula and Glaucoma
°“√μ√«®∑’Ë macula ¡’∫∑∫“∑„π‚√§μâÕÀ‘πÕ—π‡π◊ËÕß

¡“®“°

1. Retinal nerve fiber ‡ªìπ  axon ¢Õß RGC ¥—ß

π—Èπ°“√¥Ÿ∑’Ë RGC Õ“®‡ªìπ°“√μ√«®‚√§μâÕÀ‘π∑’Ëμ√ß®ÿ¥¡“°

°«à“ pRNFL1

2. °“√»÷°…“∑“ß histology æ∫«à“¡’ ganglion cell

apoptosis °àÕπ∑’Ë®–¡’°“√∫“ß≈ß¢Õß pRNFL2,3

3. Macula ‡ªìπ∫√‘‡«≥∑’Ë¡’ RGC ‡√’¬ßμ—«°—πÀ≈“¬™—Èπ

¡’®”π«πÕ¬Ÿà¡“°°«à“ 50% ¢Õß RGC ∑—ÈßÀ¡¥„π®Õª√– “∑

μ“ ®÷ß‡ªìπ∫√‘‡«≥∑’Ëßà“¬·°à°“√μ√«®«—¥ RGC4-6

4. ¢π“¥·≈–√Ÿª√à“ß¢Õß RGC ¡’ variability μË”

¥—ßπ—Èπ °“√μ√«®«—¥ RGC Õ“®∑”„Àâ¡’ sensitivity „π°“√

«‘π‘®©—¬μâÕÀ‘π Ÿß°«à“°“√„™â pRNFL7

OCT and Ganglion Cell Analysis

°“√„™â Optical Coherence Tomography (OCT) ∑’Ë

∫√‘‡«≥ macula ‡æ◊ËÕ™à«¬«‘π‘®©—¬∑“ßμâÕÀ‘ππ—Èπ ‡√‘Ë¡·√°„π

 ¡—¬ Time-domain OCT ‡ªìπ°“√«—¥ total macular thick-

ness (TMT) ÷́Ëßæ∫«à“ºŸâªÉ«¬∑’Ë‡ªìπμâÕÀ‘π®–¡’ TMT ∑’Ë∫“ß

°«à“°≈ÿà¡∑’Ë‰¡à‡ªìπμâÕÀ‘π Õ¬à“ß‰√°Áμ“¡æ∫«à“ TMT ¬—ß‰¡à¡’

sensitivity ∑’Ë¥’æÕ„π°“√«‘π‘®©—¬μâÕÀ‘π μàÕ¡“‡¡◊ËÕ¡’°“√

æ—≤π“¢÷Èπ¢Õß Spectral-domain OCT (SD-OCT) ´÷Ëß¡’

axial resolution ∑’Ë¥’¡“°¢÷Èπ∑”„Àâ “¡“√∂·∫àß™—Èπμà“ßÊ

¢Õß retina ÕÕ°®“°°—π‰¥â À√◊Õ∑’Ë‡√’¬°«à“°“√ segmenta-

tion ®÷ßæ∫«à“ à«π¢Õß®Õª√– “∑μ“∑’Ë¡’°“√∫“ßμ—«≈ß„π‚√§
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√Ÿª∑’Ë 1 · ¥ß segmentation ∫√‘‡«≥ macula ¢Õß‡§√◊ËÕß OCT ÕÕ°‡ªìπ™—Èπμà“ßÊ (√Ÿª ’Àπâ“ 155)
ILM = Internal Limiting Membrane; RNFL = Retinal Nerve Fiber Layer; RGC = Retinal Ganglion Cell; IPL =
Inner Plexiform Layer; INL = Inner Nuclear Layer; OPL = Outer Plexiform Layer.

√Ÿª∑’Ë 2 · ¥ß overview printout ¢Õß‡§√◊ËÕß RTVue11; A, Thickness map ¢Õß ganglion cell complex (GCC); B, Deviation
map ·ª≈ß§«“¡Àπ“¢Õß™—Èπ GCC ‡ªìπ§à“‡ªÕ√å‡´πμå‡¡◊ËÕ‡∑’¬∫°—∫ normative database; C, Significance map · ¥ß
º≈‡ªìπ color code ‡¡◊ËÕ‡∑’¬∫°—∫ normative database; D, Trend plot · ¥ß§à“ parameter ¢Õß baseline ·≈–
follow up „π√Ÿª·∫∫¢Õß°√“ø; E, Parameters · ¥ß parameter ‰¥â·°à average GCC, superior GCC, inferior GCC
πÕ°®“°π’È„π printout ¢Õß·μà≈– visit ®–¡’§à“ parameter Õ’° 2 §à“ §◊Õ focal loss volume ·≈– global loss volume
(√Ÿª ’Àπâ“ 156)
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μâÕÀ‘π§◊Õ à«π¢Õß®Õª√– “∑μ“™—Èπ„π ´÷Ëß°Á§◊Õ ™—Èπ macu-

lar RNFL (mRNFL) ·≈– ™—Èπ ganglion cell √«¡°—∫ inner

plexiform layer (IPL) (√Ÿª∑’Ë 1) ®“°°“√§âπæ∫¥—ß°≈à“«

∑”„Àâ¡’°“√æ—≤π“‚ª√·°√¡ automated segmentation ®Õ

ª√– “∑μ“™—Èπ„π ‡°‘¥‡ªìπ protocol  ”À√—∫ ganglion cell

analysis8

Commercial OCT system

Protocol ¢Õß ganglion cell analysis ‰¥â‡√‘Ë¡¡’

°“√ºπ«°‡¢â“°—∫‡§√◊ËÕß OCT ‚¥¬‡§√◊ËÕß OCT μ—«·√°∑’Ë¡’

°“√„™â OCT °—∫ macula „π∑“ßμâÕÀ‘π §◊Õ RTVue (Opto-

vue, Inc., Fremont, California, USA) ‚¥¬∑”°“√ seg-

mentation ·≈–«—¥§«“¡Àπ“¢Õß™—Èπ mRNFL, RGC ·≈–

IPL √«¡‡√’¬°«à“ Ganglion cell complex (GCC) ¡’ pro-

tocol °“√«‘‡§√“–Àå∑’Ë‡√’¬°«à“ Ganglion cell complex ana-

lysis (√Ÿª∑’Ë 2) μàÕ¡“ Cirrus HD-OCT (Carl Zeiss Meditec,

Inc.,Dublin, California, USA) ‰¥â„™â°“√ segmentation

‡©æ“–™—Èπ RGC ·≈– IPL ‚¥¬μ—¥ mRNFL ÕÕ°‰ª‡π◊ËÕß®“°

‡™◊ËÕ«à“§«“¡Àπ“ mRNFL ¡’ variability ¡“° °“√«—¥‡©æ“–

retinal ganglion cell-inner plexiform layer (RGC-IPL)

πà“®–¡’§«“¡·¡àπ¬”„π°“√«‘π‘®©—¬μâÕÀ‘π‰¥â¡“°¢÷Èπ protocol

¢Õß Cirrus „π°“√«‘‡§√“–Àå™—Èπ RGC-IPL π’È‡√’¬°«à“ Gan-

glion cell analysis (GCA) (√Ÿª∑’Ë 3) ¢≥–∑’Ë‡§√◊ËÕß Spectralis

(Heidelberg Engineering, Inc., Heidelberg, Germany)

∂÷ß·¡â ‰¡à¡’ ‚ª√·°√¡°“√ segmentation ·μà¡’ protocol

 ”À√—∫°“√™à«¬«‘π‘®©—¬μâÕÀ‘π‚¥¬°“√«—¥ total macular

√Ÿª∑’Ë 3 · ¥ß printout ¢Õß‡§√◊ËÕß Cirrus HD-OCT; A, Thickness map ¢Õß retinal ganglion cell layer-inner plexiform
layer (GCL-IPL) B, Deviation map · ¥ßº≈§«“¡Àπ“¢Õß GCL-IPL ‡∑’¬∫°—∫ normative database; C, B-scan
¿“æ OCT ¢Õß macula æ√âÕ¡· ¥ß segmentation line; D, Sectors map ·∫àßæ◊Èπ∑’Ë scan ÕÕ°‡ªìπ 6  à«π·≈–· ¥ß
§à“ GCL-IPL „π·μà≈– à«π æ√âÕ¡ color code ‡∑’¬∫°—∫ normative database; E, Parameters · ¥ß parameter
‰¥â·°à average GCL-IPL ·≈– minimum GCL-IPL  (√Ÿª ’Àπâ“ 157)
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thickness ‡ª√’¬∫‡∑’¬∫°—π√–À«à“ßμ“ Õß¢â“ß ·≈–√–À«à“ß

upper-lower hemisphere „πμ“‡¥’¬«°—π ∑’Ë‡√’¬°«à“ Pos-

terior pole asymmetry analysis (√Ÿª∑’Ë 4) ´÷Ëß protocol

¢Õß‡§√◊ËÕß 3D-OCT (Topcon Corporation, Tokyo, Ja-

pan)  “¡“√∂∑”°“√«‘‡§√“–Àå asymmetry analysis π’È ‰¥â

¥â«¬‡™àπ°—π ‡æ‘Ë¡‡μ‘¡®“° protocol °“√· ¥ßº≈ segmen-

tation 3 ·∫∫ ‰¥â·°à RNFL, RGC+IPL (‡∑’¬∫‰¥â°—∫À≈—°

°“√¢Õß GCA „π‡§√◊ËÕß Cirrus HD-OCT), ·≈– RNFL+

RGC+IPL (‡∑’¬∫‰¥â°—∫À≈—°°“√ GCC analysis „π‡§√◊ËÕß

RTVue) (√Ÿª∑’Ë 5) √“¬≈–‡Õ’¬¥„π·μà≈–‡§√◊ËÕß OCT  √ÿª

¥—ßμ“√“ß∑’Ë 19,10

Reproducibitily and Diagnostic Ability

Macular SD-OCT ¡’ reproducibility ∑’Ë¥’¥—ß‡ÀÁπ‰¥â

®“°°“√»÷°…“¢Õß Tan ·≈–§≥–12 æ∫«à“ macular SD-

OCT analysis ‚¥¬ RTVue ¡’ reproducibility ∑’Ë¥’°«à“

pRNFL ®“° TD-OCT ·≈–°“√»÷°…“¢Õß Mwanza ·≈–

§≥–7 ‡ª√’¬∫‡∑’¬∫ macular SD-OCT ‚¥¬ Cirrus HD-

OCT °—∫ TD-OCT æ∫ reproducibility ∑’Ë¥’°«à“®“° SD-

OCT ‡™àπ‡¥’¬«°—π

„π¥â“π¢Õß°“√«‘π‘®©—¬‚√§μâÕÀ‘π¡’À≈“¬°“√»÷°…“‰¥â

‡ª√’¬∫‡∑’¬∫§«“¡ “¡“√∂„π°“√™à«¬«‘π‘®©—¬√–À«à“ß para-

meter μà“ßÊ ¢Õß macular ®“° SD-OCT ´÷Ëß à«π„À≠à„Àâ

¢âÕ √ÿª«à“ GCC ¡’ diagnostic ability ∑’Ë¥’°«à“°“√„™â TMT

·≈– mRNFL12-15 ‡¡◊ËÕ∑”°“√»÷°…“‡ª√’¬∫‡∑’¬∫ macular

parameter °—∫ pRNFL ´÷Ëß‡ªìπμ—«∑’Ë„™â°—π·æ√àÀ≈“¬Õ¬Ÿà‡¥‘¡

π—Èπ æ∫«à“ GCC °—∫ pRNFL ¡’ diagnostic ability ∑’Ë„°≈â

‡§’¬ß°—π16-18 ·μà°“√π”∑—Èß GCC pRNFL √à«¡°—∫°“√¥Ÿ≈—°…≥–

optic disc morphology Õ“®™à«¬‡æ‘Ë¡ diagnostic ability

‰¥â¥’¢÷Èπ16

√Ÿª∑’Ë 4 · ¥ß printout ¢Õß‡§√◊ËÕß Spectralis; A, Retinal thickness map ‚¥¬ macula ∂Ÿ°·∫àßÕÕ°‡ªìπ 64 ™àÕß ·μà≈–™àÕß
· ¥ßº≈§«“¡Àπ“¢Õß total macular thickness (TMT) ¢Õß∫√‘‡«≥π—ÈπÊ; B, Intra-eye asymmetry analysis ‡ª√’¬∫
‡∑’¬∫ superior ·≈–  inferior hemifield ¢Õßμ“¢â“ß‡¥’¬«°—π; C, Inter-eye asymmetry analysis ‡ª√’¬∫‡∑’¬∫ macular
„πμ”·Àπàß∑’Ë —¡æ—π∏å°—π¢Õßμ“∑—Èß Õß¢â“ß; D, Average thickness data · ¥ß§à“‡©≈’Ë¬§«“¡Àπ“ TMT ¢Õßæ◊Èπ∑’Ë
 ·°π∑—ÈßÀ¡¥ superior hemifiled ·≈– inferior hemifield (√Ÿª ’Àπâ“ 157)
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√Ÿª∑’Ë 5 · ¥ß printout ¢Õß‡§√◊ËÕß 3D-OCT10: §Õ≈—¡πǻ â“¬· ¥ß¢âÕ¡Ÿ≈¢Õß macular retinal nerve fiber layer (mRNFL) §Õ≈—¡πå
°≈“ß· ¥ß¢âÕ¡Ÿ≈¢Õß retinal ganglion cell layer ·≈– inner plexiform layer (GCL-IPL) §Õ≈—¡πå¢«“· ¥ß macular
retinal nerve fiber layer, ganglion cell layer ·≈– inner plexiform layer (mRNFL-GCL-IPL); A, Thickness map;
B, Significance map · ¥ßº≈‡ªìπ color code ‡¡◊ËÕ‡∑’¬∫°—∫ normative database; C, Parameters · ¥ß parameter
‰¥â·°à average superior hemifield thickness ·≈– average inferior hemifield thickness; D, Asymmetry analysis
‡ª√’¬∫‡∑’¬∫ superior ·≈– inferior hemifield ¢Õßμ“¢â“ß‡¥’¬«°—π (√Ÿª ’Àπâ“ 158)

μ“√“ß∑’Ë 1 · ¥ß°“√‡ª√’¬∫‡∑’¬∫ macular analysis  ”À√—∫‚√§μâÕÀ‘π®“°‡§√◊ËÕß spectral-domain optical coherence
tomography

Progression
Analysis

Yes

No

No

No

Normative
Database

Yes

Yes

No

Yes

Macular Layers
Analyzed

RNFL*+RGC**+
IPL***
RGC+IPL

TMT****

* RNFL
* RGC+IPL
* RNFL+RGC+IPL

Macular Area of
Analysis

Circular area 7 mm2, centered 1
mm temporal to fovea
Elliptical annulus (vertical radius
of 2 mm, horizontal radius of 24
mm), centered on fovea
Rectangular area 8 x 8 mm, cen-
tered on fovea

Rectangular area 6 x 6 mm, cen-
tered on fovea

OCT Device

RTVue
(Optovue)
Cirrus HD-OCT
(Carl Zeiss
Meditec)
Spectralis
(Heidelberg
Engineering)
3D-OCT
(Topcon)

Macular Imaging
Protocol

Ganglion cell complex
analysis
Ganglion cell analysis

Posterior pole
asymmetry analysis

Glaucoma Analysis in-
cluding asymmetry map

* RNFL = Retinal Nerve Fiber Layer, ** RGC = Retinal Ganglion Cell Layer, *** IPL = Inner Plexiform Layer, **** TMT = Total macular
thickness
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Progression Detection

‡π◊ËÕß®“° macular analysis „π‚√§μâÕÀ‘π ‚¥¬  SD-

OCT ‡ªìπ‡∑§‚π‚≈¬’∑’Ë‡¢â“¡“„π™à«ßÀ≈—ß ª√–°Õ∫°—∫‚√§

μâÕÀ‘π‡ªìπ‚√§∑’Ë progression ™â“ °“√»÷°…“∫∑∫“∑¢Õß

macular analysis μàÕ progression detection ®÷ß¬—ß¡’

®”π«π‰¡à¡“°  Naghizadeh ·≈–§≥–19 æ∫«à“  Global

loss volume ·≈– Focal loss volume ÷́Ëß‡ªìπ GCC pa-

rameter ®“°‡§√◊ËÕß RTVue  “¡“√∂æ∫ progression „π

√–¬–‡√‘Ë¡·√°‰¥â¥’°«à“ optic nerve head parameter,

pRNFL parameter ·≈–§à“ average GCC πÕ°®“°π’È

Anraku ·≈–§≥–20 æ∫«à“§à“ baseline GCC thickness

¢Õß inferior hemifield ¢Õß°≈ÿà¡∑’Ë¡’ progression ‡√Á«®“°

visual field ¡’§«“¡∫“ß°«à“°≈ÿà¡∑’Ë¡’ progression ™â“Õ¬à“ß

¡’π—¬ ”§—≠∑“ß ∂‘μ‘ §à“ baseline  GCC  Õ“®‡ªìπ predic-

tive factor Àπ÷Ëß¢Õß glaucoma progression

Clinical Application
πÕ°‡Àπ◊Õ®“°°“√π” macular SD-OCT analysis

¡“‡ªìπ parameter Àπ÷Ëß∑’Ë™à«¬„π°“√«‘π‘®©—¬μâÕÀ‘π√à«¡°—∫

°“√„™â pRNFL, disc photography ·≈– visual field test

·≈â«π—Èπ macular analysis ¬—ßÕ“®¡’¢âÕ¥’∑’Ë‡Àπ◊Õ°«à“°“√¥Ÿ

structural change ¥â«¬«‘∏‘Õ◊Ëπ„πºŸâªÉ«¬°≈ÿà¡μàÕ‰ªπ’È

ë High myopia - ºŸâªÉ«¬°≈ÿà¡π’È¡’≈—°…≥– optic disc

morphology ∑’Ë variation ¡“°‡ªìπÕÿª √√§„π°“√«‘π‘®©—¬

μâÕÀ‘π Shoji ·≈–§≥–21 æ∫«à“°“√„™â GCC  “¡“√∂«‘π‘®©—¬

μâÕÀ‘π¢Õß°≈ÿà¡ºŸâªÉ«¬ myopia ¡“°°«à“ -5.00 Dioptors ‰¥â

¥’°«à“°“√„™â vertical cup to disc ratio ·≈– pRNFL

ë Large disc - °“√„™â pRNFL ¡’ sensitivity ∑’Ë

πâÕ¬≈ß„π°≈ÿà¡§π‰¢â large disc ‡π◊ËÕß®“°¡—°„Àâ§à“¢Õß

pRNFL ∑’Ë Ÿß°«à“°≈ÿà¡∑’Ë¢π“¥ disc ª°μ‘ Na ·≈–§≥–22

æ∫«à“°“√„™â macular parameter ™à«¬„π°“√«‘π‘®©—¬μâÕÀ‘π

°≈ÿà¡ large disc ‰¥â¥’°«à“ pRNFL

ë Advanced glaucoma - °“√μ√«® progression

¢Õß°≈ÿà¡ advanced glaucoma ¥â«¬ pRNFL ·≈– disc

photography ∑”‰¥â¬“°‡π◊ËÕß®“°¡’ generalized loss ¢Õß

pRNFL ·≈– advanced disc cupping °“√»÷°…“¢Õß Sung

·≈–§≥–23 æ∫«à“ macular parameter  “¡“√∂ª√–‡¡‘π

progression ‰¥â¥’°«à“ pRNFL ·≈–¡’ correlation ∑’Ë¥’°—∫

°“√„™â visual field index

Limitation

¢âÕ®”°—¥¢Õß ganglion cell analysis1, 24 ‰¥â·°à

ë °“√¡’§«“¡º‘¥ª°μ‘∑’Ë macula ‡™àπ macular

edema, macular degeneration, epiretinal membrane

ë Image artifacts ‡™àπ speckle noise, segmen-

tation errors, motion artifacts

ë Signal quality ∑’Ë‰¡à¥’ ‡™àπ media opacities ®“°

corneal clarity, cataract

ë Normative database ∑’Ë¬—ß‰¡à¡’„™â„π∑ÿ° device

·≈–„π‡§√◊ËÕß∑’Ë¡’ database ¬—ß„™â®“°°≈ÿà¡μ—«Õ¬à“ß∑’Ë —¥ à«π

‡ªìπ Caucasians ¡“°°«à“ Asians

 √ÿª
Spectral-domain OCT „Àâ ‰¥â¿“æ∑’Ë¡’§«“¡≈–‡Õ’¬¥

 Ÿß  “¡“√∂·¬°™—Èπμà“ßÊ¢Õß®Õª√– “∑μ“‰¥â™—¥‡®π¢÷Èπ°«à“

Time-domain OCT ®÷ß‡°‘¥°“√æ—≤π“ software ∑’Ë “¡“√∂

«‘‡§√“–Àå·¬°™—Èπ‰¥â ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß™—Èπ mRNFL ·≈–

GC-IPL ́ ÷Ëß¡’∫∑∫“∑ ”§—≠„π‚√§μâÕÀ‘π º≈°“√«‘®—¬‚¥¬ à«π

„À≠àæ∫«à“ macular analysis ¢Õß SD-OCT ¡’ repro-

ducibility ∑’Ë¥’°«à“ pRNFL ·≈–¡’§«“¡ “¡“√∂„π°“√«‘π‘®©—¬

μâÕÀ‘π∑’Ë¥’‡∑’¬∫‡∑à“‰¥â°—∫°“√„™â pRNFL ‚¥¬Õ“®™à«¬‡æ‘Ë¡

ª√– ‘∑∏‘¿“æ„π°“√«‘π‘®©—¬‰¥â¡“°¢÷Èπ ”À√—∫ºŸâªÉ«¬μâÕÀ‘π∫“ß
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