
Viscoelastics in Ophthalmic Surgery
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ºŸâ™à«¬»“ µ√“®“√¬åπ“¬·æ∑¬å»—°¥‘Ï™—¬ «ß»°‘µµ‘√—°…å

¿“§«‘™“®—°…ÿ«‘∑¬“ §≥–·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬∏√√¡»“ µ√å

ªí®®ÿ∫—π°“√ºà“µ—¥µâÕ°√–®°‡°◊Õ∫∑ÿ°√“¬ ®”‡ªìπµâÕß„™â “√ viscoelastics ™à«¬„π°“√ºà“µ—¥ ́ ÷Ëß

viscoelastics „π∑âÕßµ≈“¥¡’¡“°¡“¬À≈“¬™π‘¥ ®—°…ÿ·æ∑¬å®÷ß§«√¡’§«“¡√Ÿâ∂÷ß™π‘¥ ¢âÕ∫àß„™â √“§“

·≈–§ÿ≥ ¡∫—µ‘¢Õß viscoelastics ·µà≈–™π‘¥ ‡æ◊ËÕ “¡“√∂µ—¥ ‘π„®‡≈◊Õ°„™â viscoelastics ‰¥âÕ¬à“ß

‡À¡“– ¡

Introduction :

Usefulness of viscoelastic materials

„π‡«≈“‰¡àπ“π¡“π’È ‰¥â¡’°“√π” viscoelastic

materials ¡“„™â°—πÕ¬à“ß·æ√àÀ≈“¬ „π°“√ºà“µ—¥

∑“ß®—°…ÿ«‘∑¬“ ‡æ√“–‰¥â∑”„Àâ°“√ºà“µ—¥∑’Ë¬ÿàß¬“° ·≈–

¡’¿“«–·∑√° ấÕπ Ÿß„πÕ¥’µ ‡™àπ °“√ºà“µ—¥µâÕ°√–®°

 “¡“√∂∑”‰¥âßà“¬¡“°¢÷Èπ ª√–°Õ∫°—∫°“√æ—≤π“

∑“ß‡∑§‚π‚≈¬’∑’Ë¡’ ‡§√◊ËÕß¡◊Õ°“√ºà“µ—¥ ¡—¬„À¡à

‡™àπ °“√„™â‡∑§π‘§ phacoemulsification, topical

anesthesia, small sutureless incision ·≈– foldable

intraocular lens (IOLs) ´÷Ëß°“√æ—≤π“‡À≈à“π’È

∑”„Àâº≈°“√ºà“µ—¥µâÕ°√–®°ª√– ∫§«“¡ ”‡√Á® Ÿß

¢÷Èπ¡“° ·≈–¡’¿“«–·∑√°´âÕππâÕ¬≈ß ·≈–≈¥‡«≈“

√–¬–æ—°øóôπÀ≈—ß°“√ºà“µ—¥‰¥âÕ¬à“ß™—¥‡®π

 „πªí®®ÿ∫—π °“√ºà“µ—¥µâÕ°√–®° ¡—¬„À¡à ®”‡ªìπµâÕß

„™â viscoelastic materials ‡ ¡Õ ‡æ√“–πÕ°®“°™à«¬

ªÑÕß°—πÕ—πµ√“¬µàÕ‡π◊ÈÕ‡¬◊ËÕ¿“¬„πµ“·≈â« ¬—ß‡ªìπ

«— ¥ÿ‡Õπ°ª√– ß§å ∑’Ë∑”„Àâ°“√ºà“µ—¥‡ªìπ‰ª‰¥â‚¥¬

 –¥«°¬‘Ëß¢÷Èπ ‡™àπ °“√∑”„Àâ¡’ intraocular space ∑’Ë

‡ ∂’¬√ ÷́Ëß¡’ª√–‚¬™πå ∑”„Àâßà“¬µàÕ°“√∑”

capsulorhexis, phacoemulsification, irrigation and

aspiration, capsular bag stretching ·≈– IOL

implantation

 ‡π◊ËÕß®“°ª√–‚¬™πå¢Õß viscoelastic materials ¡’

À≈“¬ª√–°“√ ®÷ß∑”„Àâ®”‡ªìπµâÕß‡¢â“„®„πµ—«¢Õß vis-

coelastic materials „πÀ≈“¬¥â“π ÷́Ëßª√–°Õ∫‰ª¥â«¬

ë ≈—°…≥–‚¥¬∑—Ë«‰ª ‡™àπ transparency,

purity, nontoxicity ·≈– immobility

πÕ°®“°π—Èπ¬—ß¡’‡√◊ËÕß biocompatibility ·≈–

§«“¡ª≈Õ¥¿—¬ ‡¡◊ËÕ©’¥ viscoelastic

materials ‡¢â“‰ª„π anterior chamber

¢Õßµ“

ë ≈—°…≥–∑“ß°“¬¿“æ ·≈–‡§¡’ √«¡∂÷ß

‚§√ß √â“ß‚¡‡≈°ÿ≈ ´÷Ëß°”Àπ¥§ÿ≥ ¡∫—µ‘

∑“ß viscosity, elasticity, pseudoplasticity

ë ‰¡à¡’ viscoelastic materials  Õß™π‘¥ ∑’Ë¡’

§ÿ≥ ¡∫—µ‘‡À¡◊Õπ°—π‚¥¬ ‘Èπ‡™‘ß ·≈–‰¡à¡’

ideal viscoelastic material °“√µ—¥ ‘π„®„™â

viscoelastic materials ™π‘¥„¥¢÷ÈπÕ¬Ÿà°—∫

®—°…ÿ·æ∑¬åºŸâºà“µ—¥µâÕß°“√§ÿ≥ ¡∫—µ‘∑’Ë

 ”§—≠¢Õß viscoelastic materials ™π‘¥π—Èπ

‡æ◊ËÕ„Àâ‰¥â«—µ∂ÿª√– ß§å∑’ËµâÕß°“√¢Õß®—°…ÿ
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·æ∑¬åºŸâºà“µ—¥ „πÕ¥’µ¡’°“√„™â viscoelastic

materials ™π‘¥‡¥’¬«„π°“√∑”ºà“µ—¥·µà≈–

§√—Èß ·µàªí®®ÿ∫—π  “¡“√∂„™â viscoelastic

materials ¡“°°«à“ 1 ™π‘¥„π°“√ºà“µ—¥

·µà≈–§√—Èß ‡æ◊ËÕ„Àâ‰¥âº≈°“√ºà“µ—¥∑’Ë¥’∑’Ë ÿ¥

History

 °“√„™â viscoelastic materials „π°“√ºà“µ—¥∑“ß

®—°…ÿ«‘∑¬“ ‰¥â¡’¢÷Èπ¡“π“πÀ≈“¬ªï ‚¥¬„πªï 1934

Meyer ·≈– Palmer ‰¥â·¬° hyaluronic acid ®“°

vitreous cortex ‡ªìπº≈ ”‡√Á® µàÕ¡“ªï 1958 Balazs

‰¥â‡√‘Ë¡«“ß·ºπ°“√„™â hyaluronic acid ¡“·∑π∑’Ë

vitreous „π°“√ºà“µ—¥ retina detachment ·≈–‡¢“

‰¥â©’¥ hyaluronic acid ‡¢â“‰ª„π vitreous cavity ‡ªìπ

º≈ ”‡√Á®§√—Èß·√°„πªï 1972 ·≈–„πªï 1979 √–À«à“ß

ª√–™ÿ¡ Ocular surgery symposium ∑’Ë‡¡◊Õß§“π å

ª√–‡∑»Ω√—Ëß‡»  ‡¢“‰¥â§“¥°“√≥å§«“¡‡ªìπ‰ª‰¥â„π

°“√π” purified hyaluronic acid (Healon®) ¡“„™â

„π°“√ºà“µ—¥µâÕ°√–®° ‚¥¬„πªï 1977 Miller ‰¥â

∑¥≈Õßºà“µ—¥ IOL implantation „πµ“°√–µà“¬ ‚¥¬„™â

sodium hyaluronate „π°“√ºà“µ—¥ ·≈–„πªï‡¥’¬«°—π

π—Èπ Fechner ‰¥âª√– ∫§«“¡ ”‡√Á®„π°“√π” 1%

methycellulose ¡“„™â„π°“√ maintain space „π

anterior chamber

Rheologic & physical properties

Rheology §◊Õ »“ µ√å°“√‰À≈ ¡’√“°»—æ∑å¡“

®“°¿“…“°√’° ‚¥¬ rheo À¡“¬∂÷ß to flow à«π logos

À¡“¬∂÷ß »“ µ√å§«“¡√Ÿâ ´÷Ëß„™âÕ∏‘∫“¬°“√‰À≈¢Õß

¢Õß‡À≈«

„π à«π¢Õß viscoelastic materials ¡’ªí®®—¬

∑“ß°“¬¿“æ∑’Ëπà“ π„® Õ—πª√–°Õ∫‰ª¥â«¬

◆ Viscosity

◆ Pseudoplasticity

◆ Viscoelasticity

◆ Cohesiveness

◆ Coatability

Viscosity

§«“¡Àπ◊¥ §◊Õ §«“¡µâ“π∑“πµàÕ°“√‰À≈

¢Õß “√∑’Ë‡ªìπ¢Õß‡À≈« ́ ÷Ëß¡’Àπà«¬«—¥∑’Ëπ‘¬¡§◊Õ poise

(‡ªìπ‡°’¬√µ‘·°à Poiseuille π—°«‘∑¬“»“ µ√å™“«

Ω√—Ëß‡» ) Õ“®‡¢â“„®‰¥â‚¥¬æ‘®“√≥“µ“¡ √Ÿª∑’Ë 1

√Ÿª∑’Ë 1 Viscosity. ·ºàπ plate 2 ·ºàπ∑’Ë¡’æ◊Èπ∑’Ë‡∑à“°—π (A)

´÷ËßÕ¬ŸàÀà“ß°—π‡ªìπ√–¬– d ‡¡◊ËÕ‡§≈◊ËÕπ‰ª„π∑‘»∑“ß‡¥’¬«°—π ·µà

¡’§«“¡‡√Á«µà“ß°—π (V1 ·≈– V2) ‚¥¬§«“¡‡√Á«∑’Ë·µ°µà“ß°—ππ’È

‡√’¬°«à“ velocity gradient À√◊Õ shear rate  à«π·√ß∑’Ë∑”„Àâ·ºàπ

plate ‡§≈◊ËÕπ∑’Ë‡√’¬°«à“ shear stress

∂â“¢Õß‡À≈«¡’§«“¡Àπ◊¥∑’Ë Ÿß¢÷Èπ °ÁµâÕß„™â

shear stress ∑’Ë Ÿß¡“°¢÷Èπ‡æ◊ËÕ∑’Ë„Àâ‰¥â§à“ rate of shear

∑’Ë‡∑à“‡¥‘¡ ¥—ßπ—Èπ rate of shear ®–‡ªìπ —¥ à«π

‚¥¬µ√ß°—∫ shear stress ÷́Ëß®–‰¥â«à“

§«“¡Àπ◊¥‡ªìπ§ÿ≥ ¡∫—µ‘∑’Ë ”§—≠¡“°¢Õß

viscoelastic materials ‚¥¬ viscoelastics ∑’Ë¡’

§«“¡Àπ◊¥ Ÿß ®–π”ÕÕ°®“° anterior chamber §àÕπ

¢â“ß¬“°

Viscosity (poise) =
shear stress

shear rate
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§«“¡Àπ◊ ¥¢Õß¢Õß ‡À≈«∑’Ë ¡’ ≈— °…≥–

‚§√ß √â“ß∑“ß‚¡‡≈°ÿ≈·∫∫‚æ≈’‡¡Õ√å random-coil ®–

¢÷ÈπÕ¬Ÿà°—∫¡«≈‚¡‡≈°ÿ≈ ·≈–§«“¡‡¢â¡¢âπ √«¡∂÷ß

Õÿ≥À¿Ÿ¡‘ ·≈–µ—«∑”≈–≈“¬∑’Ë„™â ‚¥¬„πÀâÕßªØ‘∫—µ‘°“√

§«“¡Àπ◊¥ “¡“√∂«—¥‰¥â¥â«¬ Brookfield rotational

viscometer

Viscoelastic materials ∑’Ë¡’¡«≈‚¡‡≈°ÿ≈ Ÿß ®–

¡’§«“¡Àπ◊¥ Ÿß°«à“ ‚¥¬‡©æ“–∑’Ë§à“ zero shear rate

¥—ß√Ÿª∑’Ë 3 ¥â«¬§ÿ≥ ¡∫—µ‘¢âÕπ’È ∑”„Àâ®—°…ÿ·æ∑¬å„™â

viscoelastic materials ¡“ maintain space „π

anterior chamber „π∑“ß°≈—∫°—π®–¡’§«“¡Àπ◊¥

µË” ÿ¥‡¡◊ËÕ¡’ shear rate  Ÿß ÷́Ëßæ∫§ÿ≥ ¡∫—µ‘π’È‰¥â„π

viscoelastic materials ‡¡◊ËÕæ¬“¬“¡©’¥„Àâ‰À≈‡¢â“‰ª

„π anterior chamber ‚¥¬§«“¡Àπ◊¥¢≥–¡’ shear

rate ∑’Ë Ÿß®–¢÷ÈπÕ¬Ÿà°—∫§«“¡‡¢â¡¢âπ¢Õß viscoelastic

materials π—Èπ ‚¥¬¡«≈‚¡‡≈°ÿ≈®–‰¡à‰¥â‡ªìπµ—«

°”Àπ¥§«“¡Àπ◊¥ ‡À¡◊Õπ„π¿“«– zero shear rate

¥—ß√Ÿª∑’Ë 4

√Ÿª∑’Ë 2 °√“ø· ¥ß§«“¡ —¡æ—π∏å¢Õß viscoelasic materials

2 ™π‘¥∑’Ë¡’§«“¡‡¢â¡¢âπ‡∑à“°—π·µà ¡’¡«≈‚¡‡≈°ÿ≈µà“ß°—π ‚¥¬

‡ª√’¬∫‡∑’¬∫°—π„π§à“§«“¡Àπ◊¥∑’Ë¡’ shear rate µà“ßÊ °—π

√Ÿª∑’Ë 3 · ¥ß§«“¡Àπ◊¥¢Õß hyaluronic acid ∑’Ë§à“ 0 shear

rate „π·µà≈–§à“§«“¡‡¢â¡¢âπµà“ßÊ

Pseudoplasticity

‡ªìπ§«“¡ “¡“√∂„π°“√ª√—∫‡ª≈’Ë¬π ¿“æ

¢Õß viscoelastic materials ®“°¿“«–∑’Ë¡’§«“¡Àπ◊¥ Ÿß

·≈–§àÕπ¢â“ß·¢Áßµ—« ¡“ Ÿà ¿“«–∑’Ë “¡“√∂©’¥‰À≈‰¥â

„π·∫∫ ∂“π–¢Õß‡À≈« ‚¥¬®–¡’§à“§«“¡Àπ◊¥µË” ́ ÷Ëß

‡ªìπ§ÿ≥ ¡∫—µ‘∑’Ë ”§—≠ ‚¥¬‡©æ“–„π°≈ÿà¡ flexible

polysaccharide molecule ‡™àπ sodium hyaluronate

‡æ√“–‡°’Ë¬«¢âÕß°—∫ ¿“æ∑’Ë‰ª„™â‡¡◊ËÕµâÕß°“√ maintain

anterior chamber space ·≈–µâÕß°“√©’¥ viscoelas-

tic material ‡¢â“‰ª‰¥â‚¥¬ßà“¬ ‚¥¬®–¡’°“√·ª≈ß

 ¿“æ¿“¬„π¢Õß molecular chain ¢Õß viscoelastic

materials ¥—ß√Ÿª∑’Ë 5 ·≈–‡¡◊ËÕ»÷°…“§ÿ≥ ¡∫—µ‘π’È‡æ‘Ë¡

‡µ‘¡æ∫«à“„π ¿“«– 0 shear rate §à“§«“¡Àπ◊¥®–

¢÷ÈπÕ¬Ÿà°—∫¡«≈‚¡‡≈°ÿ≈ §«“¡‡¢â¡¢âπ ·≈–¢π“¥¢Õß

flexible random coils ·µà‡¡◊ËÕ¡’§à“ shear rate  Ÿß¢÷Èπ

§à“§«“¡Àπ◊¥®–·ª√º—πµ√ß°—∫§«“¡‡¢â¡¢âπ‡ªìπÀ≈—°

‚¥¬¡«≈‚¡‡≈°ÿ≈¡’º≈πâÕ¬¡“°µàÕ§à“§«“¡Àπ◊¥ ∑”„Àâ

‡¡◊ËÕπ” viscoelastic materials ∑’Ë¡’„™â„πªí®®ÿ∫—π ¡“

‡ª√’¬∫‡∑’¬∫§«“¡ —¡æ—π∏å°“√‡ª≈’Ë¬π·ª≈ß¢Õß

§«“¡Àπ◊¥ ‡¡◊ËÕ§à“ shear rate ‡ª≈’Ë¬π‰ª ®÷ß‰¥â· ¥ß

‰«â„π√Ÿª∑’Ë 6
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√Ÿª∑’Ë 4 (a) · ¥ß°“√ºà“π cannula ¢Õß¢Õß‡À≈«∑’Ë¡’ª√‘¡“µ√ºà“π„π

‡«≈“‡∑à“‡¥‘¡ ®–∑”„Àâ¡’§«“¡‡√Á«°“√ºà“π cannula  Ÿß¢÷Èπ (b) · ¥ß§«“¡

 —¡æ—π∏å√–À«à“ß§«“¡Àπ◊¥·≈–¢π“¥¢Õß cannula ∑’ËªíÕß°—π‰¡à„Àâ¡’°“√

‰À≈¢Õß viscoelastic material (c) ‡¡◊ËÕ¡’°“√‡ª≈’Ë¬π·ª≈ß∑“ß

‚§√ß √â“ß‚¡‡≈°ÿ≈¢Õß viscoelastic material ‚¥¬§≈“¬µ—«¡“°¢÷Èπ‡¡◊ËÕºà“π

cannula ·≈–°≈—∫ Ÿà‚§√ß √â“ß‡¥‘¡‡¡◊ËÕºà“π‡¢â“‰ª™àÕß«à“ß∑’Ë„À≠à¢÷Èπ

√Ÿª∑’Ë 5 ‡ª√’¬∫‡∑’¬∫ viscosity curve ¢Õß viscoelastic material ‡¡◊ËÕ¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“ shear rate

„π°“√ª√–‡¡‘π§ÿ≥ ¡∫—µ‘∑“ß Rheology ¢Õß viscoelastic materials πÕ°®“°®–µâÕßª√–‡¡‘π§à“§«“¡

Àπ◊¥·≈â« ®–µâÕß∑√“∫∂÷ß§à“ shear rate Õÿ≥À¿Ÿ¡‘ ·≈– pseudoplasticity curve ¥—ß√Ÿª∑’Ë 6

√Ÿª∑’Ë 6 · ¥ß§à“§«“¡Àπ◊¥¢Õß viscoelastic materials ·µà≈–™π‘¥

‡¡◊ËÕ¡’§à“ shear rate ‡ª≈’Ë¬π‰ª´÷Ëß‰¥â pseudoplasticity curve ¥—ß√Ÿª

«√«‘∑¬å Õ÷Èß¿Ÿ√’‡ ∂’¬√55



µ“√“ß∑’Ë 1 · ¥ß°“√‡ª√’¬∫‡∑’¬∫§à“§«“¡Àπ◊¥·≈– pseudoplasticity ¢Õß viscoelastic materials

Viscoelastics

Viscosity at 0 Shear

Rate (V0)

Viscosity at 1000

Shear Rate

2/sec-25C Ì

Viscosity at 1000

Shear Rate

(V1000)

Index of

Pseudoplasticity

(V0/V1000)

Healon® >200,000 40,000-64,000 150 >1,333

Healon®GV 2,000,000 80,000 200 10,000

Amvisc® 100,000 40,000-42,000 150 909

Amvisc® Plus 102,000 55,000 250 410

Viscoat® 41.000 40,000 200 210

Occucoat® (HMPC) 5,400 4,000 240 23

Elasticity

‡ªìπ§«“¡ “¡“√∂„π°≈—∫§◊π Ÿà ¿“æ‡¥‘¡¢Õß

viscoelastic material ‡¡◊ËÕ‰¥â√—∫·√ß°√–∑”∑—Èß∑’Ë

‡ªìπ°“√¥÷ß¢¬“¬ À√◊Õ°“√°¥∑—∫ ¥—ß√Ÿª∑’Ë 7

√Ÿª∑’Ë 7 · ¥ß§«“¡¬◊¥À¬ÿàπ¢Õß‚§√ß √â“ß∑“ß‚¡‡≈°ÿ≈‡¡◊ËÕ

‰¥â√—∫·√ß®“°¿“¬πÕ°

°≈ÿà¡ viscoelastic materials ∑’Ë¡’§«“¡¬“«

‚¡‡≈°ÿ≈§àÕπ¢â“ß¬“« ‡™àπ Healon®, Healon®GV,

Provisc® ®–¡’§«“¡¬◊¥À¬ÿàπ¡“°°«à“°≈ÿà¡∑’Ë¡’§«“¡

¬“«‚¡‡≈°ÿ≈ —Èπ

§ÿ≥ ¡∫—µ‘ viscoelasticity ‡ªìπ§ÿ≥ ¡∫—µ‘æ◊Èπ

∞“π ∑’Ë™à«¬ªÑÕß°—π·√ß —Ëπ –‡∑◊Õπ®“°°“√∑”

phacoemulsification ·≈–®“°°“√ irrigation & aspi-

ration ·µà°“√¡’ viscoelasticity ¡“°‡°‘π‰ª ®–

∑”„Àâ¡’ªí≠À“√–À«à“ß°“√∑” capsulorhexis ‚¥¬¡’

anterior capsule flap ¢÷Èπ¡“‰¥â

„πµ“√“ß∑’Ë 2 ®–· ¥ß§à“§«“¡¬◊¥À¬ÿàπ¢Õß

viscoelastic materials ™π‘¥µà“ßÊ ´÷ËßæÕ √ÿª‰¥â«à“

§à“§«“¡¬◊¥À¬ÿàπ®–¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß‚æ≈’‡¡Õ√å ·≈–

§«“¡¬“«¢Õß‚¡‡≈°ÿ≈

µ“√“ß∑’Ë 2 Elasticity of the viscoelastic materials
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Cohesiveness

‡ªìπ§«“¡ “¡“√∂„π°“√‡°“–°≈ÿà¡√«¡µ—«

°—π‡Õß¢Õß viscoelastic materials ÷́Ëß¢÷ÈπÕ¬Ÿà°—∫¡«≈

‚¡‡≈°ÿ≈ ·≈–§«“¡¬◊¥À¬ÿàπ ‚¥¬¬‘Ëß¡’¡«≈‚¡‡≈°ÿ≈¡“°

®–∑”„Àâ viscoelastic materials π—Èπ‡°“–°—π

‡Àπ’¬«·πàπ¡“°µ“¡‰ª¥â«¬

Coatability

·√ßµ÷ßº‘«¢Õß viscoelastic materials ∑’Ë¡’µàÕ

·√ßµ÷ßº‘«µàÕ‡π◊ÈÕ‡¬◊ËÕ ‡§√◊ËÕß¡◊Õºà“µ—¥ À√◊Õ‡≈π å‡∑’¬¡

∑’Ë„™â„π°“√ºà“µ—¥ ®–¡’º≈µàÕ°“√‡§≈◊Õ∫º‘«¢Õß

‡π◊ÈÕ‡¬◊ËÕµà“ßÊ „πµ“ (coating ability) πÕ°®“°·√ß

µ÷ßº‘«·≈â« ¬—ß¡’¡ÿ¡ —¡º— √–À«à“ßµ—« viscoelastic

materials °—∫ ‘Ëß∑’Ë —¡º— ¥â«¬ (contact angle) ∑’Ë¡’

º≈µàÕ coating ability ¥—ß√Ÿª∑’Ë 9 ‚¥¬°“√¡’·√ßµ÷ßº‘«

∑’ËµË” ·≈– contact angle µË” ®–‡ªìπ‡§√◊ËÕß∫àß™’È«à“¡’

coating ability ∑’Ë Ÿß

√Ÿª∑’Ë 8 Contact angle

Sodium hyaluronate (Healon®) ¡’ contact

angle = 60 Ì ‡¡◊ËÕ‡∑’¬∫°—∫ Viscoat® ®–¡’ contact

angle = 52 Ì ®÷ß¡’ coatability ∑’Ë Ÿß°«à“

πÕ°®“°π’È¬—ß¡’‡√◊ËÕß¢Õßª√–®ÿ‰øøÑ“‚¡‡≈°ÿ≈

¢Õß viscoelastic materials ‚¥¬¬‘Ëß¡’ª√–®ÿ‰øøÑ“‡ªìπ≈∫

‡™àπ Viscoat? ®–¬‘Ëß “¡“√∂®—∫ À√◊Õ‡§≈◊Õ∫∫π‡π◊ÈÕ‡¬◊ËÕ

À√◊Õ‡§√◊ËÕß¡◊Õºà“µ—¥∑’Ë¡’ª√–®ÿ‡ªìπ∫«° ‰¥â¥’

µ“√“ß∑’Ë 3 · ¥ß°“√ √ÿª§ÿ≥ ¡∫—µ‘∑“ß‡§¡’ °“¬¿“æ ·≈–∑“ß‚§√ß √â“ß ¢Õß viscoelastic products

Physical, Chemical, and rheologic features of the same ves

Product Volume (ml) Viscosity* Pseudoplasticity Contact Angle***

Healon® 0.4/0.55/0.85 40,000 ++++ 78 Ì

Healon®GV 0.55/0.85 60,000 +++++ 80 Ì

IAL® 2.0/5.0 8,000-10,000 ++ 75 Ì

IAL-F® 1.1 20,000-22,000 +++ 73 Ì

Provisc® 0.4/0.55/0.85 25,000-28,000 +++ 78 Ì

Viscoat® 0.5 45,00000 +++ 72 Ì

Ophthalin® 0.5 32,000-35,000 ++++ 78 Ì

* Expressed in pps and measured at sec-1 (shear rate) and 20 ÌC.

** At 35 ÌC under nitrogen on PMMA
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Desirable and undesirable properties

„π√–À«à“ß°“√ºà“µ—¥ viscoelastic materials

∂Ÿ°„™â‡æ◊ËÕªÑÕß°—π‡π◊ÈÕ‡¬◊ËÕ „™â·¬°‡π◊ÈÕ‡¬◊ËÕ ‡æ◊ËÕ„Àâ¡’

space „Àâ “¡“√∂∑”°“√ºà“µ—¥‰¥â‚¥¬ßà“¬ „™â‡æ◊ËÕ

§«∫§ÿ¡°“√¡’‡≈◊Õ¥ÕÕ°‚¥¬∑”„Àâ¡’ capillary oozing

‡æ◊ËÕ„Àâ “¡“√∂∫√√≈ÿ«—µ∂ÿª√– ß§å∑’ËµâÕß°“√„π°“√„™â

viscoelastic materials ®÷ß®”‡ªìπµâÕß¡’§ÿ≥ ¡∫—µ‘

∑’Ë§√∫∂â«π ‡™àπ ¡’ biologically compatible °—∫

‡π◊ÈÕ‡¬◊ËÕ∑“ßµ“ ¡’¡«≈‚¡‡≈°ÿ≈ Ÿß ¡’§ÿ≥ ¡∫—µ‘

pseudoplasticity, cohesive, transparent ·≈–

permeable πÕ°®“°π—Èπ¬—ßµâÕß “¡“√∂π”ÕÕ°®“°

µ“‰¥â‚¥¬ßà“¬, ∂Ÿ°¢®—¥ÕÕ°‰¥âÕ¬à“ß√«¥‡√Á« ‰¡à¡’

¿“«–·∑√°´âÕπ ‡™àπ IOP  Ÿß¢÷Èπ ·≈–∑’Ë ”§—≠§◊Õ

µâÕß¡’√“§“‰¡à·æß ‚¥¬ “¡“√∂·∫àß √ÿª‰¥â‡ªìπ

À—«¢âÕ¥—ßπ’È

A. Maintain anterior chamber

B. Manipulation of tissue

C. Protection of the corneal endothelium

D. Coating ability

E. Facilitation of implant insertion

F. Increased intraocular pressure

A. Maintain anterior chamber

®“°§ÿ≥ ¡∫—µ‘∑“ß‚§√ß √â“ß∑’Ë¡’º≈µàÕ space

maintenance §◊Õ viscosity ·≈– elasticity ´÷Ëß

µ“¡∑ƒ…Æ’·≈â«§«“¡Àπ◊¥∑’Ë Ÿß‡¡◊ËÕ¡’§à“ shear rate =

0 ®–∑”„Àâ maintain anterior chamber ‰¥â¥’ Õ¬à“ß‰√

°Áµ“¡®“°°“√∑¥≈Õß¢Õß Miyauchi ·≈– Iwata(4) æ∫

«à“°“√ maintain anterior chamber ®–¢÷ÈπÕ¬Ÿà°—∫

§«“¡¬◊¥À¬ÿàπ¡“°°«à“§«“¡Àπ◊¥ ‡™àπ

hydroxypropylmethylcellulose (HMPC) ®–¡’§à“

§«“¡¬◊¥À¬ÿàππâÕ¬∑”„Àâ¡’°“√ maintain anterior

chamber ‰¥â‰¡à§àÕ¬¥’ ¢≥–∑’Ë sodium hyaluronate ∑’Ë

¡’§à“§«“¡¬◊¥À¬ÿàπ Ÿß ®– “¡“√∂ maintain anterior

chamber ‰¥â¥’°«à“ „π soft eye ®– “¡“√∂„™â vis-

coelastic substance ‰¥â∑ÿ°™π‘¥‡æ◊ËÕ∑’Ë®– maintain

anterior chamber ‰¥â‚¥¬‰¡à¬“°(5, 6, 7)

B. Manipulation of tissue

°“√„™â viscoelastic materials „π°“√ºà“µ—¥

anterior segment ‡æ◊ËÕ∑’Ë®–¢¬—∫À√◊Õ¥—π‡π◊ÈÕ‡¬◊ËÕ¿“¬„π

anterior chamber ÷́Ëß®”‡ªìπµâÕß¡’§ÿ≥ ¡∫—µ‘

‡™àπ‡¥’¬«°—∫°“√∑’Ë®– maintain anterior chamber

§◊Õ §«“¡Àπ◊¥, §«“¡¬◊¥À¬ÿàπ ·≈– pseudoplasticity

 Ÿß

C. Protection of the corneal endothelium

Epithelial cells ¢Õß cornea ‰¥â√—∫°“√

ª°ªÑÕß®“° heavy layer ¢Õß glycoprotein (mucous

secretion) ·≈– “¡“√∂‡®√‘≠¢÷Èπ„À¡à∂â“∂Ÿ°∑”≈“¬ ·µà

endothelial cells ®–‰¡à¡’°“√ª°ªÑÕß ·≈–‰¡à

 “¡“√∂‡®√‘≠¢÷Èπ„À¡à‰¥â ®÷ß∑”„Àâ¡’°“√„™â viscoelas-

tic substance ¡“ªÑÕß°—π endothelium

Endothelium ®–‰¥â√—∫ compression force

ºà“π viscoelastic materials µ“¡√Ÿª∑’Ë 9 ‚¥¬

viscoelastic materials ∑’Ë¡’§à“§«“¡¬◊¥À¬ÿàπ Ÿß

®–™à«¬≈¥ compressive force ∑’Ë®–¡’º≈µàÕ

endothelium ‰¥â¥’°«à“Õ“°“» À√◊Õ balanced salt

solution  à«π drag force ∑’Ë‡°‘¥¢÷Èπ°—∫ endothelium

®“°°“√¢¬—∫¿“¬„π viscoelastic substance „π·π«

‡¥’¬«À√◊Õ¢π“π°—∫ corneal plane ‚¥¬®–¡’º≈

°√–∑∫°√–‡∑◊ÕπµàÕ endothelium ‰¥â¡“°„πæ«°

viscoelastic materials ∑’Ë¡’§«“¡Àπ◊¥ §«“¡¬◊¥À¬ÿàπ

·≈– cohesiveness  Ÿß ·µà„π balanced salt solution

À√◊ÕÕ“°“» °≈—∫‰¡à‰¥â∑”„Àâ drag force ¡’º≈√â“¬µàÕ

endothelium ·µàÕ¬à“ß‰√°Áµ“¡¬—ß¡’ viscoelastic

materials ∑’Ë¡’§«“¡Àπ◊¥ ·≈–§«“¡¬◊¥À¬ÿàπ Ÿß„π¿“«–

shear rate = 0 ÷́Ëß®–≈¥º≈°√–∑∫¢Õß·√ß°¥∑—∫µàÕ
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endothelium ·≈–¡’ pseudoplasticity ∑’Ë Ÿß ´÷Ëß

‡¡◊ËÕ°“√‡§≈◊ËÕπ‰À«®–≈¥§«“¡Àπ◊¥‰¥âÕ¬à“ß√«¥‡√Á«

°Á®–™à«¬≈¥º≈°√–∑∫¢Õß drag force µàÕ endothe-

lium(8)

√Ÿª∑’Ë 9 Compression and drag force

®“°°“√∑¥≈Õß„πÀâÕßªØ‘∫—µ‘°“√æ∫«à“°“√

ºà“µ—¥µâÕ°√–®°‚¥¬«‘∏’ phacoemulsification ·≈–

Õ—πµ√“¬∑’Ë‡°‘¥®“°°“√„ à‡≈π å‡∑’¬¡µàÕ endothelium

®–æ∫‰¥â¡“°°«à“Õ¬à“ß¡’π—¬ ”§—≠„π°≈ÿà¡∑’Ë „™â

balanced salt solution °—∫ Healon® ¡“°°«à“„π

°≈ÿà¡∑’Ë„™â Viscoat®(9)

Viscoelastic materials ∑’Ë¡’§à“§«“¡Àπ◊¥

ª“π°≈“ß ‡™àπ 20% chondroitin sulfate, 0.17%

sodium hyaluronate ·≈– 1%HMPC ®–™à«¬ªÑÕß°—π

endothelium ‰¥â§àÕπ¢â“ß¥’‡¡◊ËÕ„™â‡æ◊ËÕ‡§≈◊Õ∫ endot-

helium µ√ß°—π¢â“¡°—∫°“√„™â 1% sodium hyaluronate

∑’Ë®–ªÑÕß°—π‰¥â‰¡à¥’ ‡æ√“–‰¡à “¡“√∂≈¥·√ß‡©◊ÕπµàÕ

endothelium ≈ß‰¥â(8)

πÕ°®“°º≈®“°§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ·≈â«

§ÿ≥ ¡∫—µ‘∑“ß‡§¡’∑’Ëæ∫„πÀâÕß∑¥≈Õß æ∫«à“ sodium

hyaluronate, chondroitin sulfate ·≈– HMPC ®–

 “¡“√∂ªÑÕß°—πÕ—πµ√“¬µàÕ endothelium

D. Coating ability

°“√¡’·√ßµ÷ßº‘« ·≈–¡ÿ¡ —¡º—  (contact angle)

∑’Ë Ÿß ‡ªìπ ‘Ëß∑”„Àâ∫Õ°‰¥â«à“¡’§ÿ≥ ¡∫—µ‘°“√‡§≈◊Õ∫º‘«

(coating ability) ∑’Ë‰¡à¥’ ‡¡◊ËÕæ‘®“√≥“ Viscoat® ·≈–

HMPC ∑’Ë¡’ contact angle ·≈–·√ßµ÷ßº‘«∑’ËµË”°«à“

sodium hyaluronate ®÷ß∑”„Àâ “¡“√∂‡§≈◊Õ∫ªÑÕß°—π

∫π‡§√◊ËÕß¡◊Õºà“µ—¥ ·≈–‡≈π å‡∑’¬¡∑’Ë„ à·∑π‡¢â“‰ª ·µà

Õ“®‰¡à‡ ¡Õ‰ª ‡™àπ „π‡«≈“∑’Ë viscoelastic materials

‰ª‡§≈◊Õ∫°—∫ endothelium ‡¡◊ËÕ¡’ drag force À√◊Õ

¢≥–¥Ÿ¥ viscoelastic materials ÕÕ°®“° anterior

chamber ®–∑”„Àâ‡°‘¥§«“¡‡ ’¬À“¬µàÕ endothelium

‰¥â‡™àπ‡¥’¬«°—π

E. Facilitation of implant insertion

°“√„ à‡§√◊ËÕß¡◊Õ™à«¬ºà“µ—¥ À√◊Õ‡≈π å‡∑’¬¡

‡¢â“‰ª„π anterior chamber ‡¡◊ËÕ¡’ viscoelatic

materials ®–æ∫«à“¡’ resistance Õ¬Ÿà∫â“ß ·µà∂◊Õ«à“

‡ªìπº≈‡ ’¬‡≈Á°πâÕ¬‡¡◊ËÕ‡∑’¬∫°—∫º≈¥’∑’Ë‰¥â®“°„™â

viscoelastic materials ‡™àπ °“√ maintain space À√◊Õ

°“√ªÑÕß°—πÕ—πµ√“¬µàÕ endothelium

F. Increased intraocular pressure

‡π◊ËÕß¥â«¬ viscoelastic materials ‡¡◊ËÕ‡À≈◊Õ

§â“ßÕ¬Ÿà„π anterior chamber ®–∂Ÿ°¢—∫ÕÕ°∑“ß

trabecular meshwork ‚¥¬‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß

∑“ß‚§√ß √â“ß‚¡‡≈°ÿ≈ ¥â«¬§«“¡∑’Ë¡’¢π“¥¢Õß

‚¡‡≈°ÿ≈∑’Ë„À≠à ®÷ß∑”„Àâ°“√ diffusion exchange ¢Õß

trabecular meshwork ‡ ’¬‰ª ·≈–‡°‘¥°“√Õÿ¥µ—π

´÷Ëßªí®®—¬∑’Ë¡’º≈µàÕ°“√Õÿ¥µ—ππ’È ‰¥â·°à §«“¡Àπ◊¥

¢π“¥¢Õß‚¡‡≈°ÿ≈ ·≈–ª√–®ÿ‰øøÑ“‚¡‡≈°ÿ≈ πÕ°®“°

ªí®®—¬¢Õß viscoelastic materials ¥—ß°≈à“« ¬—ß¡’

ªí®®—¬Õ◊Ëπ ‡™àπ ª√‘¡“≥∑’Ë„™â §«“¡‡¢â¡¢âπ ª√‘¡“≥∑’Ë

¬—ß‡À≈◊ÕÕ¬Ÿà„π anterior chamber °“√Õ—°‡ ∫À≈—ß°“√

ºà“µ—¥ ·≈–º≈°√–∑∫µàÕ trabecular meshwork ®“°

°“√ºà“µ—¥ ·µàÕ¬à“ß‰√°Á¥’ °“√Õÿ¥µ—π·≈–∑”„Àâ IOP  Ÿß

¢÷Èπ (¢÷Èπ Ÿà√–¥—∫ Ÿß ÿ¥ª√–¡“≥ 4-7 ™—Ë«‚¡ß) π—Èπ æ∫

‡æ’¬ß™—Ë«§√“« ‚¥¬ IOP ®–≈¥°≈—∫ Ÿà√–¥—∫ª°µ‘‡¡◊ËÕ

‡«≈“ºà“π‰ª 24 ™—Ë«‚¡ß
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Viscoelastic Substances

Sodium hyaluronate

‡ªìπ‚¡‡≈°ÿ≈ polysaccharide ¢Õß sodium

glycuronate ·≈– N-acetyl glucosamine ‚¥¬„π·µà≈–

subunit ®–¡’ª√–®ÿ≈∫Õ¬Ÿà ´÷Ëß®–®—∫°—∫ª√–®ÿ∫«°∫π

º‘«¢Õß ocular tissue, instruments ·≈– IOL ‚¥¬¡’

¡«≈‚¡‡≈°ÿ≈µ—Èß·µà 500,000 - 6,000,000 ¥“≈µ—π

´÷ËßÕ“®ª√–°Õ∫‰ª¥â«¬ disaccharide units ∂÷ß

10,000 units

Sodium hyaluronate  “¡“√∂æ∫‰¥â„π

§«“¡‡¢â¡¢âπ∑’Ë§àÕπ¢â“ß Ÿß„π synovial fluid ·≈–„πµ“

‡™àπ∑’Ë vitreous cortex À√◊Õ trabeculum ·≈–Õ“®æ∫

‰¥â∫â“ß„π aqueous À√◊Õ∫π corneal endothelium

„π™à«ßªï 1970 À√◊Õ 20 ªïÀ≈—ß®“°°“√§âπ

æ∫‚§√ß √â“ß∑“ß‚¡‡≈°ÿ≈ ·≈–√–∫∫™’««‘∑¬“¢Õß

polysaccharide ¢Õß intercellular matrix Balazs ‰¥â

·π–π”°“√„™â sodium hyaluronate „π°“√∑¥·∑π

vitreous √–À«à“ß°“√ºà“µ—¥ retinal detachment(11) ·µà

°≈—∫‰¡àª√– ∫º≈ ”‡√Á® µàÕ¡“ Miller ·≈–§≥– ‰¥â

„™â™à«¬„π°“√„ à‡≈π å‡∑’¬¡ ÷́Ëßπ”‰ª Ÿà°“√π”‡ πÕ

„πß“π International congress and First film festival

on Intraocular Lens Implantation ∑’Ë‡¡◊Õß Cannes

ª√–‡∑»Ω√—Ëß‡»  ‡¡◊ËÕªï 1979

‰¥â¡’À≈“¬∫√‘…—∑∑’Ëæ¬“¬“¡º≈‘µ sodium

hyaluronate ÕÕ°¡“„™â ´÷Ëß¢—ÈπµÕπ∑’Ë¬“°§◊Õ°“√

∑”„Àâ¡’§«“¡∫√‘ ÿ∑∏‘Ï ‚¥¬‰¥â¡’°“√ °—¥®“°«— ¥ÿµà“ßÊ

‡™àπ ÀßÕπ‰°à  “¬ –¥◊Õ ·≈–°“√ °—¥®“°‡™◊ÈÕ

streptococci

Sodium hyaluronate µ—«·√°∑’Ë∂Ÿ°º≈‘µÕÕ°

¡“‡æ◊ËÕ°“√æ“≥‘™¬å§◊Õ Healon® ÷́Ëß∂Ÿ°æ—≤π“‚¥¬

Balazs ·Ààß Biomatrix ́ ÷Ëß‰¥â¢“¬ ‘∑∏‘ÏµàÕ„Àâ∑“ß∫√‘…—∑

Pharmacia ª√–‡∑» «’‡¥π Healon® ‰¥â‡¢â“ Ÿàµ≈“¥

‡¡◊ËÕªï 1980 ‚¥¬π”‰ª„™â„π°“√√—°…“¢âÕ‡∑â“Õ—°‡ ∫

¢Õß¡â“·¢àß

Amvisc® ‡ªìπ sodium hyaluronate ∑’Ëº≈‘µ

®“°ÀßÕπ‰°à „πªï 1983 ®“°∫√‘…—∑ MedChem

Products ÷́Ëßªí®®ÿ∫—π®—¥®”Àπà“¬‚¥¬ IOlab Amvisc®

®–¡’§«“¡Àπ◊¥πâÕ¬°«à“ Healon® ·≈–¬—ß¡’º≈¢â“ß‡§’¬ß

√Ÿª∑’Ë 10 · ¥ß°“√‡ª≈’Ë¬π·ª≈ß¢Õß Intraocular pressure „π·¡«‡¡◊ËÕ‰¥â√—∫ viscoelastic materials ‚¥¬°√“ø 4 ‡ âπ∫π· ¥ß

IOP °àÕπ·≈–À≈—ßºà“µ—¥∑—π∑’ ‚¥¬‰¡à‰¥âπ” viscoelastic materials ÕÕ° ·≈–°√“ø 4 ‡ âπ≈à“ß· ¥ß IOP ∑’Ë‰¥âπ” viscoelastic

materials ÕÕ°®“° anterior chamber ‰ªª√–¡“≥ 30 π“∑’
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‡™àπ ∑”„Àâ¡’°“√Õ—°‡ ∫¡“°°«à“ ‡°‘¥ ocular hyper-

tension ·≈–°“√‡ª≈’Ë¬π·ª≈ß¢Õß cornea ®÷ß¡’°“√

ª√—∫ª√ÿß ·≈–º≈‘µ Amvisc Plus® (1.6% sodium

hyaluronate) ÷́Ëß¡’§«“¡Àπ◊¥¡“°°«à“‡¥‘¡ §◊Õ¡’§à“

§«“¡Àπ◊¥‡∑à“°—∫ 55,000 cps ‡¡◊ËÕ‡∑’¬∫°—∫ Amvisc®

∑’Ë¡’§à“§«“¡Àπ◊¥‡∑à“°—∫ 40,000 cps

IAL® ‡ªìπ sodium hyaluronate ∑’Ë¡’¡«≈

‚¡‡≈°ÿ≈µË” ´÷Ëßº≈‘µ®“°ÀßÕπ‰°à‡™àπ‡¥’¬«°—π ·µà

º≈‘µ‚¥¬∫√‘…—∑¢ÕßÕ‘µ“≈’ §◊Õ FIDIA Research

Laboratories ·≈–¬—ß¡’ Opegan® ∑’Ë‡ªìπ sodium

hyaluronate ¡«≈‚¡‡≈°ÿ≈µË”‡™àπ°—π ·≈–º≈‘µ®“°

∫√‘…—∑¢Õßª√–‡∑»≠’ËªÿÉπ

Hydroxypropylmethylcellulose (HPMC)

„πªï 1977 Fechner ‰¥â„™â 1% methylcel-

lulose ÷́Ëß‰¥â‡ª≈’Ë¬π‡ªìπ 2% „π‡«≈“µàÕ¡“ ‚¥¬„π

™à«ß·√°‰¥â„™â‡æ◊ËÕ‡ªìπ viscoadhesive ‡æ◊ËÕ≈¥·√ßµ÷ß

º‘« ·≈–À≈àÕ≈◊ËπµàÕ«— ¥ÿ∑’ËµâÕß°“√ ‡™àπ„π°“√„™â‡≈π å

µ√«®«‘π‘®©—¬  ‘Ëß∑’Ë HPMC µà“ß‰ª®“° hyaluronic acid

§◊Õ ‡ªìπ ‘Ëß∑’Ë∑”¡“®“°æ◊™ ¡‘„™à®“° —µ«å ‚¥¬¡—°®–

π”¡“®“°ΩÑ“¬À√◊Õ‡π◊ÈÕ‰¡â ‚¥¬‡ªìπ polymer ¢Õß

cellulose (methylcellulose) ‚¥¬¡’‚§√ß √â“ß∑“ß

‡§¡’À≈—°‡ªìπ D-glucose ·≈–‡™◊ËÕ¡µàÕ‡ªìπ molecu-

lar chain ¥â«¬æ—π∏–∑“ß‡§¡’¢Õß B-glycosidic

‡π◊ËÕß®“°°“√¡’‚§√ß √â“ß∑’Ë‰¡à¬◊¥À¬ÿàπ ®÷ß∑”„Àâ‰¡à

 “¡“√∂¥Ÿ¥´—∫·√ß°√–·∑°‰¥â

2% HPMC ‰¥â¡’°“√º≈‘µ‚¥¬À≈“¬∫√‘…—∑

‡™àπ Occucoat® ®“°∫√‘…—∑ Storz ophthalmicus ∑’Ë

‡ªìπµ—«·√°∑’Ëº≈‘µ‰¥â ‚¥¬∂Ÿ°æ—≤π“‡æ◊ËÕ≈¥ contact

angle ·≈–·√ßµ÷ßº‘«°—∫ polymethylmethacrylate

(PMMA) ·µà¡’¢âÕ‡ ’¬§◊Õ ¡«≈‚¡‡≈°ÿ≈µË”‡æ’¬ß

86,000 d ·≈–§à“§«“¡Àπ◊¥‡∑à“°—∫ 4,000 cps ®÷ß

·∑∫‰¡à¡’ pseudoplasticity πÕ°®“°π’È¬—ß¡’ 2.2%

HPMC (Cellugel®) ∑’Ë‡ªìπ¢Õß∫√‘…—∑ Vision Biology

Chondroitin sulfate

‡ªìπ à«πÀπ÷Ëß¢Õß extracellular matrix ¢Õß

¡πÿ…¬å ‚¥¬¡“°æ∫„π cartilage  à«π∑’Ë‡ªìπ à«π

ª√–°Õ∫¢Õß‚§√ß √â“ß„πµ“∑’Ë¡’§àÕπ¢â“ß¡“°§◊Õ

cornea ·µà∑’Ëπ”¡“º≈‘µ‡æ◊ËÕ„™â®–π”¡“®“° shark

fin cartilage ·≈–¡’¡«≈‚¡‡≈°ÿ≈‡∑à“°—∫ 20,000 d ·≈–

¡’§«“¡¬“«¢Õß molecular chain ‡∑à“°—∫ 50 nm ‡¡◊ËÕ

‡∑’¬∫°—∫ sodium hyaluronate ∑’Ë¡’§«“¡¬“«∂÷ß

10,000 nm

CDS-1 (20% chodroitin sulfate) „™â‰¥â¥’

„π°“√‡§≈◊Õ∫º‘«‡π◊ÈÕ‡¬◊ËÕµà“ßÊ ·µà°≈—∫‰¡à “¡“√∂

maintain space ·≈–·¬°‡π◊ÈÕ‡¬◊ËÕµà“ßÊ ‰¥â ‡π◊ËÕß®“°

¡’§à“§«“¡Àπ◊¥µË” ¢≥–∑’Ë CDS-2 (50% chondroitin

sulfate) ∑’Ë¡’§«“¡Àπ◊¥‡æ‘Ë¡¢÷Èπ ·µà°Á∑”„Àâ¡’

hyperosmolar ´÷Ëß∑”„Àâ‡°‘¥¿“«– endothelial

dehydration ·≈– cell damage

Viscoat® (®¥∑–‡∫’¬π‡§√◊ËÕßÀ¡“¬°“√§â“

‚¥¬∫√‘…—∑ Cooper Vision-Cilco) ¢Õß∫√‘…—∑ Alcon

∑’Ë¡’ à«πº ¡¢Õß 4% chondroitin sulfate °—∫ 3%

sodium hyaluronate „πÕ—µ√“ à«π 1:3 ‚¥¬„π à«π

¢Õß sodium hyaluronate π—Èπº≈‘µ‚¥¬‡∑§‚π‚≈¬’

∑“ßæ—π∏ÿ«‘»«°√√¡®“° bacterial fermentation ·≈–

„π à«π¢Õß chondroitin sulfate π—Èππ”¡“®“° shark

fin cartilage ∑”„Àâ¡’¡«≈‚¡‡≈°ÿ≈‡∑à“°—∫ 600,000 d

·≈–§à“§«“¡Àπ◊¥‡∑à“°—∫ 50,000 cps ‚¥¬∑“ß

∫√‘…—∑ºŸâº≈‘µ§‘¥«à“®– “¡“√∂√«¡§ÿ≥ ¡∫—µ‘∑’Ë¡’§«“¡

Àπ◊¥ Ÿß ·≈– chamber-maintaining ¢Õß sodium

hyaluronate ·≈–§ÿ≥ ¡∫—µ‘°“√‡§≈◊Õ∫∑’Ë¥’ ·≈–°“√

ªÑÕß°—πÕ—πµ√“¬µàÕ‡´≈≈å¢Õß chondroitin sulfate

Polyacrylamide

Orcolon® ‡ªìπ viscoelastic substance ∑’Ë

∂Ÿ° —ß‡§√“–Àå¢÷Èπ ‚¥¬∫√‘…—∑ Optical Radiation

Corporation ¡’ à«πª√–°Õ∫‡ªìπ polymer ¢Õß

«√«‘∑¬å Õ÷Èß¿Ÿ√’‡ ∂’¬√61



acrylamide ÷́Ëß¡’¡«≈‚¡‡≈°ÿ≈∑’Ë Ÿß¡“°§◊Õ‡∑à“°—∫

1,000,000 d ·≈–¡’§à“§«“¡Àπ◊¥‡∑à“°—∫ 40,000

cps ·≈– “¡“√∂‡§≈◊Õ∫º‘«‰¥â¥’ ‡π◊ËÕß®“°¡’ contact

angle ∑’ËπâÕ¬ πÕ°®“°π’È¬—ß “¡“√∂‡°Á∫‰¥â„π

Õÿ≥À¿Ÿ¡‘ÀâÕß ·µà‡ªìπ∑’Ëπà“‡ ’¬¥“¬∑’ËµâÕß∂Ÿ°π”ÕÕ°

®“°µ≈“¥‡¡◊ËÕªï 1991 Õ—π¡’ “‡Àµÿ®“°°“√ªπ‡ªóôÕπ

¿“¬„π syringe ·≈–∑”„Àâ intraocular pressure  Ÿß

¡’¿“«– uveitis „πºŸâªÉ«¬ 15,000 §π∑’Ë‰¥â„™â

viscoelastics µ—«π’È

Collagen

Collagen ∑’Ëπ”¡“º≈‘µ‡ªìπ viscoelastic

substance π—Èπ ‡ªìπ type IV collagen ∑’Ë °—¥¡“®“°

√°¢Õß¡πÿ…¬å ‚¥¬ “‡Àµÿ∑’Ë type IV collagen ·µ°

µà“ß®“° collagen type Õ◊ËπÊ §◊Õ °“√‰¡à¡’ fibrils

∫√‘…—∑ DomiLens under Chiron Vision Corp.

‰¥âº≈‘µ 1.4% Collagel® ∑’Ë¡’¡«≈‚¡‡≈°ÿ≈ Ÿß∂÷ß

2,000,000 d ·≈–¡’§«“¡Àπ◊¥∂÷ß 500,000 cps ∑’Ë

low shear rate ·µàÕ¬à“ß‰√°Áµ“¡ Collagel® ‰¥â∂Ÿ°

π”ÕÕ°®“°µ≈“¥‡™àπ‡¥’¬«°—π ¥â«¬§«“¡°—ß«≈∑’Ë«à“

Õ“®¡’°“√ªπ‡ªóôÕπ®“°°“√√–∫“¥¢Õß‡™◊ÈÕ HIV

The main viscoelastic material

Healon®

Molecular weight: 4.0 M

Concentration : 1% Hyaluronic acid

Features of Healon®

Injectibility:  “¡“√∂ºà“π cannula No.27 ‰¥âßà“¬

‡π◊ËÕß®“°¡’ pseudoplasticity ∑’Ë Ÿß

Removability : ∑”‰¥âßà“¬‡π◊ËÕß§ÿ≥ ¡∫—µ‘°“√‡ªìπ

cohesive

Adhesiveness / coatability : ¡’§àÕπ¢â“ßπâÕ¬ ‡π◊ËÕß®“°

·√ßµ÷ßº‘« Ÿß

Space maintenance : °“√¡’§«“¡Àπ◊¥ ·≈–¡«≈

‚¡‡≈°ÿ≈ Ÿß∑”„Àâ “¡“√∂ form chamber ·≈–‡ªî¥

capsular bag ‰¥â¥’

Endothelial protection : §àÕπ¢â“ß¥’ ‡π◊ËÕß®“°°“√∑’Ë

 “¡“√∂ maintain chamber ‰¥â °“√∑’Ë¡’

pseudoplasticity  Ÿß ·≈–¡’ hyaluronic acid binding

site ∫πº‘« endothelium

Tissue manipulation : ∑”‰¥â·¡àπ¬” ·≈–‡∑’Ë¬ßµ√ß

‡π◊ËÕß®“°°“√¡’ pseudoplasticity ∑’Ë Ÿß

Syringe : 0.40-0.55-0.85 ml („π‰∑¬ 0.55 ml

; 1,610 ∫“∑) ; 3-year shelf life

Healon®GV

Molecular weight : 5 M

Concentration : 1.4% Hyaluronic acid

Features of Healon®GV

Injectibility :  “¡“√∂ºà“π cannula No.27 ‰¥âßà“¬

‡π◊ËÕß®“°¡’ pseudoplasticity ∑’Ë Ÿß

Removability : ∑”‰¥âßà“¬‡π◊ËÕß§ÿ≥ ¡∫—µ‘°“√‡ªìπ

cohesive

Adhesiveness / coatability : §àÕπ¢â“ßπâÕ¬¡“°

‡¡◊ËÕ‡∑’¬∫°—∫ Viscoat ·µà “¡“√∂∑”„Àâ nuclear

fragment ∑’Ë‡°‘¥À≈—ß®“°°“√ cracking À√◊Õ chopping

Õ¬Ÿà°—∫∑’Ë

Space maintenance : ¥’°«à“ Healon® „π°“√

∑”„Àâ “¡“√∂ form chamber ·≈–‡ªî¥ capsular bag

Endothelial protection : §àÕπ¢â“ß¥’ ‡π◊ËÕß®“°°“√∑’Ë

 “¡“√∂ maintain chamber ‰¥â °“√∑’Ë¡’

pseudoplasticity  Ÿß ·≈–¡’ hyaluronic acid binding

site ∫πº‘« endothelium

Tissue manipulation : ∑”‰¥â·¡àπ¬” ·≈–‡∑’Ë¬ßµ√ß

‡π◊ËÕß®“°°“√¡’ pseudoplasticity ∑’Ë Ÿß
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Provisc®

Molecular weight : 1.9-2.5 M

Concentration : 1% Hyaluronic acid (bacterial

fermentation)

Features of Provisc®

Injectibility :  “¡“√∂ºà“π cannula ‰¥âßà“¬‡π◊ËÕß®“°

¡’ pseudoplasticity ∑’Ë Ÿß

Removability : §≈â“¬°—∫ Healon® ‡π◊ËÕß§ÿ≥ ¡∫—µ‘

°“√‡ªìπ cohesive

Adhesiveness / coatability : §àÕπ¢â“ßπâÕ¬‡¡◊ËÕ

‡∑’¬∫°—∫ Viscoat® ·µà§≈â“¬°—∫ Healon®

Space maintenance : ∑”‰¥â‰¡à¥’‡∑à“ Healon® „π

°“√∑”„Àâ “¡“√∂ form chamber ·≈–‡ªî¥ capsular

bag ·µà∑” IOL implantation ‰¥âßà“¬

Endothelial protection : §àÕπ¢â“ß¥’

Tissue manipulation : ∑”‰¥â¥’æÕÊ °—∫ Healon®

‡π◊ËÕß®“°°“√¡’ pseudoplasticity ∑’Ë Ÿß

Syringe : 0.55-0.85 ml (1,400 -1,710 ∫“∑)

; 2-year shelf life

Viscoat®

Molecular weight : 500 K (hyaluronic acid) + 25

K (chondroitin sulfate)

Concentration : 3% hyaluronic acid, 4% chon-

droitin sulfate

Features of Viscoat®®®®®

Injectibility :  “¡“√∂ºà“π 27-G cannula ‰¥âßà“¬

·µà¬“°°«à“ Healon® ·≈– Amvisc®

Removability : „™â‡«≈“π“π°«à“ Healon® 4-5 ‡∑à“

‡π◊ËÕß®“°¡’°“√‡§≈◊Õ∫∑’Ë¥’∫πº‘« —¡º— µà“ßÊ ·µà°≈—∫¡’

cohesive ‰¡à¥’

Adhesiveness / coatability : ¥’¡“° ‚¥¬‡©æ“–°—∫

intraocular tissue, implants ·≈–‡§√◊ËÕß¡◊Õµà“ßÊ

Space maintenance : §àÕπ¢â“ß¥’ ·µà∂â“‡∑’¬∫°—∫

high-MW viscoelastic material µ—«Õ◊Ëπ ®–‰¥â‰¡à¥’‡∑à“

‡æ√“–°“√ maintain space ¢÷ÈπÕ¬Ÿà°—∫¡«≈‚¡‡≈°ÿ≈

Endothelial protection : ¥’ ·µàÕ“®¡’ drag force °—∫

endothelium ‰¥â

Tissue manipulation : ‰¡à¥’‡∑à“ Healon® ‡π◊ËÕß®“°

¡’ pseudoplasticity ∑’ËµË” ·µà “¡“√∂∑”„Àâ nuclear

fragments Õ¬Ÿà°—∫∑’Ë‰¥â¢≥–∑” phacoemulasification

Syringe : 0.55 ml of product (2,140 ∫“∑), vertical

storage of the package ; 2-year shelf life

Amvisc®

Molecular weight : 2 M

Concentration : 1.2% Hyaluronic acid (bacterial

fermentation)

Features of Amvisc®

Injectibility :  “¡“√∂ºà“π cannula ‰¥âßà“¬

Removability : §≈â“¬°—∫ Healon®

Adhesiveness / coatability : πâÕ¬°«à“ Viscoat® ·µà

„°≈â‡§’¬ß°—∫ Healon®

Space maintenance : πâÕ¬°«à“ Healon®

Endothelial protection : ¥’

Tissue manipulation : „°≈â‡§’¬ß°—∫ Healon®

‡π◊ËÕß®“°¡’ pseudoplasticity ∑’Ë Ÿß

Syringe : 0.5-0.8 ml of product ; 2-year shelf

life

Amvisc Plus®

Molecular weight : 1.5 M

Concentration : 1.6% Hyaluronic acid (bacterial

fermentation)
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Features of Amvisc® Plus

Injectibility :  “¡“√∂ºà“π 27-G cannula ‰¥âßà“¬
Removability : ¬“°°«à“ Healon® ·µàßà“¬°«à“
Viscoat® ‡π◊ËÕß®“°§«“¡¬“«¢Õß molecular chain
¢Õß Amvisc®Plus Õ¬Ÿà√–À«à“ß Healon® °—∫ Viscoat®

Adhesiveness / coatability : πâÕ¬°«à“ Viscoat ·µà
¥’°«à“ Healon®, Amvisc®, Provisc®

Space maintenance : πâÕ¬°«à“ Healon®

Endothelial protection : ¥’
Tissue manipulation : „°≈â‡§’¬ß°—∫ Healon®

‡π◊ËÕß®“°¡’ pseudoplasticity ∑’Ë Ÿß
Syringe : 0.5-0.8 ml of product („π‰∑¬ 0.8 ml
ª√–¡“≥ 1,000 ∫“∑) ; 18 months shelf life

IAL®

Molecular weight : 500 K
Concentration : 1% Hyaluronic acid ( °—¥®“°
ÀßÕπ‰°à)

Features of IAL®

Injectibility :  “¡“√∂ºà“π cannula ‰¥âßà“¬
Removability : §àÕπ¢â“ßßà“¬
Adhesiveness / coatability : §àÕπ¢â“ßπâÕ¬
Space maintenance: ‰¡à¥’ √–À«à“ß∑”ºà“µ—¥®–ÕÕ°
®“° space ‰ª‡°◊Õ∫À¡¥ ‡π◊ËÕß¡’§«“¡Àπ◊¥µË”
Endothelial protection : ‰¡à¡’¢âÕ¡Ÿ≈¬◊π¬—π ·µà‡™◊ËÕ
«à“πâÕ¬°«à“ Healon®

Tissue manipulation : ‰¡à¥’
Syringe : 2-5 ml of product („π‰∑¬ 2 ml 1,770
∫“∑) ; 2-years shelf life

IAL-F®

Molecular weight : 1.2 M
Concentration : 1.8% Hyaluronic acid ( °—¥®“°

ÀßÕπ‰°à)

Features of IAL-F®

Injectibility :  “¡“√∂ºà“π 27-G cannula ‰¥âßà“¬

‡π◊ËÕß®“°¡’ pseudoplasticity ∑’Ë Ÿß

Removability : §àÕπ¢â“ßßà“¬

Adhesiveness / coatability : §àÕπ¢â“ß¥’

Space maintenance : maintain ‰¥âæÕ ¡§«√

Endothelial protection : ™à«¬≈¥ pressure ∑’Ë¡’µàÕ

corneal endothelium

Tissue manipulation : ∑”‰¥â¥’æÕ ¡§«√

Syringe: 1.1 ml of product (1,760 ∫“∑)
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