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the Management of Retinal Disorders
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∫∑§—¥¬àÕ

Optical Coherence Tomography (OCT)

‡ªìπ‡§√◊ËÕß¡◊Õµ√«®«‘π‘®©—¬‚√§®Õª√– “∑µ“∑’Ë‡√‘Ë¡π”

¡“„™â·æ√àÀ≈“¬¡“°¢÷Èπ ‡§√◊ËÕß OCT  “¡“√∂· ¥ß

¿“æµ—¥¢«“ß‡ ¡◊Õπ°“√µ—¥™‘Èπ‡π◊ÈÕ„π™—Èπ‡√µ‘π“·≈–

§Õ√Õ¬¥å ·≈–„Àâ§«“¡≈–‡Õ’¬¥¢Õß¿“æ Ÿß∂÷ß 1-15

‰¡§√Õπ „π∑“ß®—°…ÿ«‘∑¬“¬—ß “¡“√∂π”¡“„™â„π°“√

µ√«®µâÕÀ‘π·≈– à«π¥â“πÀπâ“¢Õß≈Ÿ°µ“

∫∑π”

‡§√◊ËÕß Optical Coherence Tomography

(OCT) ‡√‘Ë¡¡’°“√æ—≤π“·≈–π”¡“„™â§√—Èß·√°„πªï §.».

1991 ‚¥¬ Dr. Haung µàÕ¡“¡’°“√æ—≤π“À≈“¬√ÿàπ

‰¥â·°à OCT1 „πªï 1996, OCT2 „πªï 2000 ·≈– OCT3

„πªï 2002 ´÷Ëß§◊Õ√ÿàπªí®®ÿ∫—ππ—Ëπ‡Õß À≈—°°“√∑”ß“π

¢Õß‡§√◊ËÕß OCT Õ“»—¬À≈—°°“√¢Õß low coherence

interferometry ÷́Ëßæ—≤π“¡“®“°°“√∑”ß“π¢Õß

fiberoptic ‚¥¬¡’·À≈àß°”‡π‘¥· ß‡ªìπ superlum-

inescence diode „Àâ§«“¡¬“«§≈◊Ëπ· ß„π™à«ß 820

π“‚π‡¡µ√ (infrared) ́ ÷Ëß®–·¬°≈”· ß‡ªìπ Õß≈”· ß

· ß‡¡◊ËÕ‡¥‘π∑“ß∂÷ß‡π◊ÈÕ‡¬◊ËÕ∑’Ë¡’§ÿ≥ ¡∫—µ‘·µ°µà“ß°—π

®–‡°‘¥°“√°√–®“¬· ß(backscattering) ·≈–°“√

 –∑âÕπ°≈—∫ (backreflectivity) ∑’Ëµà“ß°—π ≈”· ß

≈”Àπ÷Ëß®– –∑âÕπ°≈—∫∑—π∑’‡ ¡◊Õπ‡ªìπ reference  à«π

≈”· ßÕ’°≈”®–©“¬‰ª∑’Ë intraocular structures °àÕπ

∑’Ë®–‡¥‘π∑“ß°≈—∫¡“‡¢â“‡§√◊ËÕß photodetector °“√

√«¡°—π¢Õß Õß≈”· ß∑’Ë –∑âÕπ°≈—∫π’È®–‡°‘¥°“√

·∑√° Õ¥ (interference) °—π·≈–‡°‘¥· ß‡ ¡◊Õπ wave

´÷Ëß‰¥â¿“æ∑—π∑’ (real time) À≈—ß®“°π—Èπ‡§√◊ËÕß®–

«‘‡§√“–Àå·ª≈º≈√–¬–∑“ß·≈–§«“¡Àπ“¢Õß‡π◊ÈÕ‡¬◊ËÕ

™—Èπµà“ßÊ „π°“√‡°‘¥¿“æ

√Ÿª· ¥ß °“√∑”ß“π‡§√◊ËÕß OCT ‚¥¬À≈—° Low

Coherence Interferometry

‡§√◊ËÕß OCT ¬—ß·∫àßÕÕ°‡ªìπ Õßª√–‡¿∑

‰¥â·°à Time domain OCT ·≈– Fourier À√◊Õ Spec-

tral domain OCT ́ ÷Ëßµà“ß°—π∑’Ë detector ‚¥¬„π‡§√◊ËÕß

time domain OCT ®–¡’ detector µ—«‡¥’¬«„π¢≥–

∑’Ë‡§√◊ËÕß fourier À√◊Õ spectral domain OCT ¡’

detectors À≈“¬µ—«∑”„Àâ “¡“√∂√—∫· ß‰¥âæ√âÕ¡°—π

À≈“¬µ—«µàÕ«‘π“∑’ ‡ªìπ°“√‡æ‘Ë¡ —≠≠“≥·≈–§«“¡‡√Á«

„π°“√∫—π∑÷°¿“æ



68  ÿπ∑√’ ∏‘µ‘«‘‡™’¬√‡≈‘», °‘µµ‘™—¬ Õ—§√æ‘æ—≤πå°ÿ≈

Image resolution ¡’ 2  à«π¥—ß· ¥ß„π√Ÿª

1. Axial (longitudinal) resolution

À≈—°°“√§≈â“¬°—∫ A-scan ultrasound ‚¥¬

©“¬≈”· ß·≈–«—¥ intensity ·≈– time delay „π

·µà≈–≈”· ß∑’Ë –∑âÕπ°≈—∫ÕÕ°¡“ «—¥„π·π«µ—Èß„Àâ 10

microns resolution

„π·ßà¢Õß intensity À√◊Õ peak ¢Õß≈”· ß

®–‡∑’¬∫‡∑à“°—∫√–¥—∫¢Õß backscattering ¢Õß opti-

cal interface  à«π time delay «—¥®“°√–¬–Àà“ß

¢Õß≈”· ß·µà≈– peak §”π«≥°≈—∫‰¥â‡ªìπ√–¬–∑“ß

√Ÿª· ¥ß  ‡ª√’¬∫‡∑’¬∫°“√∑”ß“π¢Õß‡§√◊ËÕß Fourier domain OCT ·≈– Time domain OCT

2. Transverse resolution

À≈—°°“√§≈â“¬°—∫ B-scan ultrasound ‡¡◊ËÕ

‰¥â axial scan „π·µà≈–À≈“¬Ê µ”·Àπàß „π·π«

transverse points °Á®–√«¡°—π„Àâ 20-25 microns

resolution °“√«—¥·π«πÕπ ấ“¬‰ª¢«“¢÷Èπ°—∫ focused

spot size ¢Õß optical beam Õ’°∑—Èß¬—ß·∫àß¬àÕ¬‡ªìπ

high ·≈– low resolution ́ ÷Ëß§≈â“¬§«“¡≈–‡Õ’¬¥Àπà«¬

Pixel ¢Õß°≈âÕß∂à“¬√Ÿª ‚¥¬„π high (512) transverse

pixel density ‡§√◊ËÕß®– scan 400 axial scans µàÕ
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«‘π“∑’ ´÷Ëß‡«≈“∑’Ë„™â§”π«≥®“° 512/400 = 1.28

seconds π—Ëπ§◊Õ 1 ¿“æ„™â‡«≈“ scan ª√–¡“≥ 1.3

«‘π“∑’  à«π„π low (128) transverse pixel density

®–§”π«≥‡«≈“‰¥â‡ªìπ128/400 = 0.32 seconds §◊Õ

1 ¿“æ„™â‡«≈“ scan ª√–¡“≥ 0.3 «‘π“∑’

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫‡§√◊ËÕß ultrasound ‡§√◊ËÕß

OCT ¡’¢âÕ·µ°µà“ß¥—ßπ’È

1. ‡ªìπ non-contact instrument

2. Õ“»—¬·À≈àß°”‡π‘¥· ß„Àâ§≈◊Ëπ· ß‡ªìπ

infrared

3. «—¥ª√‘¡“≥≈”· ß (intensity) ¢Õß

≈”· ß∑’Ë –∑âÕπ°≈—∫

4. ‡§√◊ËÕß∑’Ë„™â∑—Ë«‰ª„Àâ§«“¡≈–‡Õ’¬¥ Ÿß∂÷ß 10

microns

(„π‡§√◊ËÕß ultrahigh resolution OCT „Àâ

resolution ‰¥â Ÿß∂÷ß 3 microns)

·µà OCT ¡’¢âÕ®”°—¥„π°√≥’µàÕ‰ªπ’È ‰¥â·°à

1. ¿“«–°√–®°µ“∫«¡ (corneal edema)

2. ‡≈π å·°â«µ“¢ÿàπ¡“° (lens opacity)

3. ¿“«–«ÿâ ππÈ”µ“¢ÿà πÀ√◊ Õ¡’ ‡ ≈◊ Õ¥ÕÕ°

(vitreous opacity, vitreous hemorrhage)

4. √Ÿ¡à“πµ“‡≈Á° (miosis)

5. ¿“«–µ“·Àâß (impair tear film)

6. °“√°≈Õ°µ“¢ÕßºŸâªÉ«¬ (eye motion)

7. °“√‡ª≈’Ë¬π·ª≈ß§à“§«“¡¥—π≈Ÿ°µ“ (IOP

fluctuation)

8. Tremor

9. µâÕß°“√»÷°…“∫√‘‡«≥∑’ËÕ¬ŸàπÕ°‡Àπ◊Õ®“°

posterior pole

 à«π ultrasound ‡ªìπ contact instrument

Õ“»—¬·À≈àß°”‡π‘¥§≈◊Ëπ‡ ’¬ß„π¬à“π§«“¡∂’Ë Ÿß «—¥

ª√‘¡“≥§«“¡‡¢â¡¢Õß§≈◊Ëπ‡ ’¬ß∑’Ë –∑âÕπ°≈—∫ ¢âÕ

®”°—¥§◊Õ¬—ß„Àâ low resolution 150 microns (20

microns „π‡§√◊ËÕß anterior segment ultrasound)

√Ÿª· ¥ß  Scan Protocols ¡’ 19 Protocols
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Retinal applications π”¡“„™â„πÀ≈“¬‚√§ µ—«Õ¬à“ß‡™àπ

1. Macular hole, pseudohole

2. Vitreo-retinal interface

3. Vitreomacular traction

4. Macular edema

5. Retinal pigment epithelial detachment

6. Age related macular degeneration

7. Diabetic retinopathy

8. Choroidal neovascular membrane

(CNVM), Tumors

°“√·ª≈º≈ OCT

1. Qualitative analysis · ¥ßº≈ 2  à«π

‰¥â·°à

(1) Morphology

❖ Morphological change

❖ Anomalous structure by region

(2) Reflectivity

‡§√◊ËÕß®–· ¥ßº≈‡ªìπ cross-sectional

imaging ‚¥¬„™â color scale  ’∑’Ëµà“ß°—πµ—Èß·µà ’·¥ß

· ¥ß high À√◊Õ hypereflectivity ‰ª®π∂÷ß ’øÑ“· ¥ß

low À√◊Õ hyporeflectivity

√Ÿª· ¥ß  Protocols ∑’Ëπ”¡“„™âª√–‚¬™πå„π°“√»÷°…“‚√§∑“ß®Õª√– “∑µ“

√Ÿª· ¥ß  Color scale: Red §◊Õ hyperreflectivity, Blue §◊Õ hyporeflectivity
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Normal reflectivity of retinal layers

❖ High reflectivity ‰¥â·°à™—Èπ nerve fiber

layer

❖ Medium reflectivity ‰¥â·°à™—Èπ plexiform

layer ·≈– nuclear layer

❖ Low reflectivity ‰¥â·°à™—Èπ photoreceptors

layer

2. Quantitative analysis

‡§√◊ËÕß· ¥ßº≈‡ªìπ surface mapping

area ́ ÷Ëß®–· ¥ß thickness ·≈– volume ‚¥¬¡’ color

scale ‡™àπ°—π·µà ’µà“ßÊ ‡∑’¬∫°—∫ normal thickness

´÷Ëßµà“ß®“° reflectivity

µ—«Õ¬à“ß§«“¡º‘¥ª°µ‘∑’Ëæ∫„π‚√§µà“ßÊ

1. Abnormal high reflectivity

1.1  Superficial causes ‡™àπ ERM (epiretinal membrane), cotton wool spots

√Ÿª· ¥ß  Retinal map analysis

√Ÿª· ¥ß OCT ¢Õß hyper-reflective membrane extend from disc both nasally and temporally causing

peripapillary traction „πºŸâªÉ«¬ epiretinal membrane ™π‘¥ macular pucker
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1.2 Intraretinal causes ‡™àπ intraretinal hemorrhage, hard exudates, retinal fibrosis and scar

with reduced thickness

√Ÿª· ¥ß  OCT ¢Õß Intraretinal hemorrhage ‡ÀÁπ‡ªìπ hyperreflectivity „π™—Èπ inner retinal layers

√Ÿª· ¥ß OCT ¢Õß macular thickening with reduced backscatter due to fluid accumulation in outer

retinal layers. circinate rings of hard exudates çhyper-reflective lesionsé within retinal layers

with shadowing effect

1.3 Deep causes ‡™àπ RPE hyperplasia, drusen ∑’Ë¡’ increase thickness of RPE, pre-intrasubretinal

choroidal neovascular membrane (CNVM), retinal scarring ®“° choroiditis, trauma À√◊Õ°“√¬‘ß laser

‡ªìπµâπ

√Ÿª· ¥ß OCT ¢Õß hard drusens as small disruptions in RPE projecting into overlying photoreceptor

layer and area of RPE atrophy showed hyper-reflectivity from underlying choroid
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√Ÿª· ¥ß OCT ¢Õß area of hyperreflectivity ®“° occult CNV ·≈– area of hyporeflectivity under fovea

suggest subretinal fluid, reflection from choroid underlying RPE detachment were not attenuated

and optical backscatter was seen in subRPE space suggest of an underlying CNV „πºŸâªÉ«¬

neovascular AMD

√Ÿª· ¥ß  OCT ¢Õß hyperreflectivity band ®“° scar

2. Abnormal hyporeflectivity

2.1 Cystoid macular edema

√Ÿª· ¥ß OCT ¢Õß macular thickening with two nearly full thickness cystoid spaces under fovea with

intervening septae „πºŸâªÉ«¬ diabetic macular edema
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2.2 Serous retinal detachment (serous RD), Pigment epithelial detachment (PED)

√Ÿª· ¥ß OCT ¢Õß PED under fovea 410 microns with surrounding serous fluid „πºŸâªÉ«¬ atypical

central serous chorioretinopathy

3. Abnormal vitreoretinal traction

√Ÿª· ¥ß OCT ¢Õß perifoveal detachment of posterior hyaloids but still attached to foveola, an intraretinal

pseudocyst in inner foveola with focal adhesion of vitreous to macula leads to mechanical

deformation of fovea with pseudocyst „πºŸâªÉ«¬ macular hole stage I (foveal pseudocyst)

√Ÿª· ¥ß OCT ¢Õß increased retinal thickening with vitreoschisis (splitting of posterior vitreous phase

into two lamellae), posterior lamina of vitreoschisis caused focal traction on fovea resulting

in underlying TRD „πºŸâªÉ«¬ diabetic macular edema ∑’Ë‡°‘¥ tractional detachment of fovea
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√Ÿª· ¥ß OCT ¢Õß full thickness dehiscence surrounding retina, thickening 390 microns from buttom

of hole along with cystic change (hyporeflective spaces in neurosensory retina), macular

detachment results in swelling, cystoid spaces and inward curvature of edges bordering

holes „πºŸâªÉ«¬ macular hole stage III without posterior vitreous detachment

Future Development

1. Three-dimensional (3D) OCT (Topcon) „Àâ√“¬≈–‡Õ’¬¥¿“æ‡ªìπ “¡¡‘µ‘

√Ÿª· ¥ß ‡§√◊ËÕß Three-dimensional (3D) OCT

2. Ultrahigh resolution OCT

ªí®®ÿ∫—π “¡“√∂µ—¥‰¥â≈–‡Õ’¬¥∂÷ß 1-2 microns axial resolution ·≈–æ—≤π“„™â spectral detection ∑”„Àâ

‡æ‘Ë¡ image sensitivity ·≈–ª√–À¬—¥‡«≈“‡√Á«¢÷Èπ 40 ‡∑à“‡¡◊ËÕ‡∑’¬∫°—∫‡§√◊ËÕß standard OCT  “¡“√∂»÷°…“√“¬

≈–‡Õ’¬¥·µà≈–™—Èπ¢Õß retina √«¡∑—Èß™—Èπ external limiting membrane ·≈– photoreceptor outer segments

√Ÿª· ¥ß  ‡§√◊ËÕß Ultrahigh resolution OCT
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 √ÿª

OCT ‡ªìπ‡§√◊ËÕß¡◊Õ non-contact · ¥ßº≈‡ªìπ

real-time „Àâ¿“æ cross-section ¢Õß≈Ÿ°µ“∑’Ë¡’ high

resolution ªí®®ÿ∫—π¡’§«“¡ ”§—≠„π°“√™à«¬«‘π‘®©—¬

·≈–µ‘¥µ“¡°“√√—°…“‚√§∑“ß®Õª√– “∑µ“À≈“¬Ê‚√§

·µà∑—Èßπ’È¬—ßµâÕßÕ“»—¬º≈°“√µ√«®∑“ß§≈‘π‘°, slit-lamp

biomicroscopy, indirect ophthalmoscopy À√◊Õ FFA

ª√–°Õ∫¥â«¬ ·≈–‡§√◊ËÕß OCT ‰¥â¡’°“√æ—≤π“

‚ª√·°√¡´÷Ëß„πÕπ“§µπà“®–„Àâª√–‚¬™πå¡“°¬‘Ëß¢÷Èπ
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