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Abstract

Conventional glaucoma surgery, mainly trabeculectomy, has been known for its effectiveness on IOP

lowering, however, the procedure involves a large conjunctival incision from which various unwanted

sequelae may ensue. Minimally invasive glaucoma surgery (MIGS)†is a group of new alternative glaucoma

procedures. With the concept of being an ab interno microincisional approach, MIGS makes the glaucoma

procedure need no conjunctival incision, therefore, it could be done in safer and faster way than the

conventional one. MIGS can provide more convenient to the surgeons along with faster recovery to the

patients. Current studies show relative satisfaction on IOP lowering effect albeit their final pressure is still

higher than trabeculectomy. This constrained efficacy limits their uses to mild - moderate glaucoma cases.

The long term safety and efficacy are still under investigation. Most evidence shows the additional benefit of

their combination with cataract surgery. Thai J Ophthalmol 2016; January-June 30(1): 11-23.

Keywords: minimally invasive glaucoma surgery (MIGS), ab interno microincisional approach, glaucoma
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‡√◊ËÕß¬àÕ

°“√ºà“μ—¥μâÕÀ‘π∑’Ë„™â°—π¡“°§◊Õ«‘∏’ trabeculectomy ÷́Ëß‡ªìπ«‘∏’∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß„π°“√≈¥§«“¡¥—πμ“ ·μà

Õ¬à“ß‰√°Áμ“¡«‘∏’π’È¡’°“√μ—¥‡≈“–‡¬◊ËÕ∫ÿμ“∑’Ë°«â“ß ®÷ßÕ“® àßº≈„Àâ¡’¿“«–·∑√°´âÕπ·≈–º≈¢â“ß‡§’¬ß‰¥â Minimally invasive

glaucoma surgery (MIGS) ‡ªìπ«‘∏’°“√ºà“μ—¥∑“ß‡≈◊Õ°·∫∫„À¡à À≈—°°“√§◊Õ‡ªìπ ab interno microincisional approach

´÷ËßÀ≈’°‡≈’Ë¬ß°“√μ—¥‡≈“–‡¬◊ËÕ∫ÿμ“  àßº≈„Àâ·º≈À“¬Õ¬à“ß√«¥‡√Á« ·≈–¡’§«“¡ª≈Õ¥¿—¬°«à“°“√ºà“μ—¥·∫∫‡¥‘¡ °“√»÷°…“

ªí®®ÿ∫—πæ∫«à“ª√– ‘∑∏‘¿“æ„π°“√≈¥§«“¡¥—πμ“‡ªìπ∑’Ëπà“æÕ„® ·μàÕ¬à“ß‰√°Áμ“¡§«“¡¥—πμ“À≈—ßºà“μ—¥π—Èπ¬—ß Ÿß°«à“„π°“√

ºà“μ—¥  trabeculectomy ¥—ßπ—Èπ°“√ºà“μ—¥π’È¬—ß®”°—¥„πºŸâªÉ«¬∑’Ë‡ªìπμâÕÀ‘π„π√–¬–·√°∂÷ß√–¬–°≈“ß  à«πª√– ‘∑∏‘¿“æ·≈–

§«“¡ª≈Õ¥¿—¬„π√–¬–¬“«¬—ßÕ¬Ÿà„π√–À«à“ß°“√»÷°…“«‘®—¬‡æ‘Ë¡‡μ‘¡ ·μà°Áæ∫«à“°“√ºà“μ—¥™π‘¥π’È ‰¥âº≈¥’‡¡◊ËÕ∑”√à«¡°—∫°“√

ºà“μ—¥μâÕ°√–®° ®—°…ÿ‡«™ “√ 2016; ¡°√“§¡-¡‘∂ÿπ“¬π 30(1): 11-23.

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

®“°μâÕ°√–®° „πªï 2010 ¡’ª√–¡“≥ 60.5 ≈â“π§π∑—Ë«‚≈°

‡ªìπμâÕÀ‘π ·≈–Õ“®¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ∂÷ß 80 ≈â“π§π„π

ªï 20201

À≈—°°“√√—°…“μâÕÀ‘π ‡æ◊ËÕ≈¥§«“¡¥—πμ“ (intraocu-

lar pressure; IOP) „ÀâÕ¬Ÿà„π√–¥—∫∑’Ëª≈Õ¥¿—¬μàÕ¢—È«ª√– “∑

μ“¢Õß§π‰¢â ‚¥¬«‘∏’μà“ßÊ ¥—ßπ’È

ë °“√„™â¬“ ¡’∑—Èß¬“À¬Õ¥μ“ ‡™àπ °≈ÿà¡ prostaglan-

din analogs, beta-adrenergic antagonists, adrenergic

agonists ·≈–¬“°‘π ‡™àπ oral carbonic anhydrase

inhibitors

ë °“√„™â‡≈‡´Õ√å ‡™àπ selective laser trabeculo-

plasty (SLT), laser iridoplasty, trans-scleral laser

ë °“√ºà“μ—¥ ‡™àπ trabeculectomy (standard treat-

ment), tube shunts (Ahmed, Baerveldt, Moltino)

ªí®®ÿ∫—π¡’°“√ºà“μ—¥∑’Ë‡√’¬°«à“ minimally invasive

glaucoma surgery (MIGS) §◊Õ °“√ºà“μ—¥∑’Ë‡ªìπ ab interno

microincisional approach ÷́ËßÀ≈’°‡≈’Ë¬ß°“√μ—¥‡≈“–‡¬◊ËÕ

∫ÿμ“ μà“ß®“°°“√ºà“μ—¥ trabeculectomy ·∫∫‡¥‘¡  àßº≈

„Àâ·º≈À“¬Õ¬à“ß√«¥‡√Á« ª≈Õ¥¿—¬·≈– “¡“√∂≈¥§«“¡¥—π

μ“‰¥â2,3

§π‰¢â∑’Ë‡À¡“– ”À√—∫ MIGS4

ë §π‰¢âμâÕÀ‘π„π√–¬–·√°∂÷ß√–¬–°≈“ß„π°≈ÿà¡¢Õß

μâÕÀ‘π¡ÿ¡‡ªî¥ª∞¡¿Ÿ¡‘ (Primary open angle glaucoma;

POAG) μâÕÀ‘π™π‘¥ pseudoexfoliation (pseudoexfolia-

tion glaucoma;PXG) ·≈–μâÕÀ‘π™π‘¥ pigmentary dis-

persion

ë ‚√§μâÕÀ‘π∑’Ë§ÿ¡‰¡à‰¥â·¡â®–„Àâ¬“‡μÁ¡∑’Ë·≈â« (maxi-

mum medical treatment)

ë §π‰¢â∑’Ë‰¡à “¡“√∂„™â¬“≈¥§«“¡¥—πμ“‰¥â

ë §π‰¢â¡’μâÕ°√–®°√à«¡ ‡æ◊ËÕ®–∑”ºà“μ—¥‰ªæ√âÕ¡

°—π„π§√—Èß‡¥’¬«

§π‰¢â∑’Ë‰¡à‡À¡“– ”À√—∫ MIGS4

ë §π‰¢â„π°≈ÿà¡μâÕÀ‘π¡ÿ¡ªî¥ μâÕÀ‘π∑’Ëμ“¡¡“®“°

 “‡ÀμÿÕ◊Ëπ ·≈–μâÕÀ‘π√–¬–°≈“ß∂÷ß√–¬– ÿ¥∑â“¬

ë ‡§¬ºà“μ—¥μâÕÀ‘πÀ√◊Õºà“μ—¥·°â ‰¢ “¬μ“º‘¥ª°μ‘

ë §«“¡¥—πμ“√–¥—∫ Ÿß∑’Ë§«∫§ÿ¡‰¡à‰¥â

ë §π‰¢â∑’Ë¡’¥«ßμ“¡Õß‡ÀÁπ‰¥â‡æ’¬ß¢â“ß‡¥’¬«

·∫àß MIGS μ“¡À≈—°°“√¢Õß°“√≈¥§«“¡¥—πμ“ ‰¥â

¥—ßπ’È3

1. Increasing trabecular outflow ‚¥¬°“√ bypass

juxtacanalicular trabecular meshwork ´÷Ëß«‘∏’∑’Ë®–°≈à“«

∂÷ß §◊Õ trabectome, iStent, hydrus microstent, excimer

laser trabeculotomy (ELT), high frequency deep scle-

rotomy (HFDS)

2. Increasing uveoscleral outflow ‚¥¬„™â supra-

choroidal shunt (CyPass microstent)

3. Reducing aqueous production ®“° ciliary

body ‚¥¬°“√∑” endocyclophotocoagulation

4. Creating subconjunctival drainage pathway

‚¥¬„™â XEN gel stent

1. Increasing trabecular outflow
Trabectome

Trabectome device ‡ªìπ single-use, disposable

hand piece†∑’Ëª≈“¬¢Õß trabectome ®–¡’ active elec-

trode† ‡æ◊ËÕª≈àÕ¬°√–· ‰øøÑ“ ≈“¬ trabecular meshwork

·≈– inner wall ¢Õß Schlemmûs canel ·≈–¡’ protective

footplate ‚§âß 90 Õß»“ ‡æ◊ËÕªÑÕß°—π¢≥–‡§≈◊ËÕπ‡§√◊ËÕß¡◊Õ

„π canal †∂—¥≈ß¡“°Á®–¡’ aspiration ·≈– irrigation

port ‡æ◊ËÕ°”®—¥‡»…‡π◊ÈÕ‡¬◊ËÕ·≈–√–∫“¬§«“¡√âÕπ§«∫§ÿ¡

Õÿ≥À¿Ÿ¡‘†Õÿª°√≥å®–μàÕ°—∫‡§√◊ËÕß°”‡π‘¥‰øøÑ“ high fre-

quency ·≈–§«∫§ÿ¡°“√∑”ß“πºà“π 3-stage foot pedal

´÷Ëß®–‡ªìπ°“√ irrigation, aspiration ·≈– electrocautery

μ“¡≈”¥—∫ Õÿª°√≥åπ’Èºà“π°“√√—∫√Õß CE mark „π¬ÿ‚√ª·≈–

FDA ¢Õß À√—∞Õ‡¡√‘°“ (√Ÿª∑’Ë 1)

¢âÕ¥’

ë ‡ªìπ°“√ √â“ß∑“ß√–∫“¬πÈ”®“° trabecular mesh-

work ‡¢â“ Ÿà Schlemmûs canal ‚¥¬μ√ß

ë °“√°”®—¥∫√‘‡«≥∑’Ë¡’·√ßμâ“π∑“π¡“°μàÕ°“√‰À≈

ÕÕ°¢Õß aqueous ·≈–‡»…‡π◊ÈÕ‡¬◊ËÕ°ÁÕ“®®–≈¥°√–∫«π°“√

Õ—°‡ ∫·≈–·º≈‡ªìπ∑’ËÕ“®‡°‘¥¢÷Èπ‰¥â
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ë ‡ªìπ°“√ ß«π‡¬◊ËÕ∫ÿμ“‰«â ·≈–‰¡à¡’≈—°…≥–¢Õß

bleb

ë °“√ºà“μ—¥π’È “¡“√∂∑”√à«¡°—∫°“√ºà“μ—¥μâÕ°√–®°

μ“√“ß∑’Ë 15-8 · ¥ßº≈¢Õß°“√∑” trabectome æ∫

«à“§à“‡©≈’Ë¬§«“¡¥—πμ“°àÕπºà“μ—¥„°≈â‡§’¬ß°—π§◊Õ 25-26 +

7-8 mmHg ¬°‡«âπ§π‰¢â°≈ÿà¡ PXG „πß“π«‘®—¬¢Õß Ting

·≈–§≥–∑’Ë Ÿß°«à“§◊Õ 29 + 7.5 mmHg ‡¡◊ËÕ¥Ÿ§à“‡©≈’Ë¬§«“¡

¥—πμ“À≈—ßºà“μ—¥„π·μà≈–ß“π«‘®—¬æ∫«à“≈¥≈ß¡“‰¥â„°≈â‡§’¬ß

°—π§◊Õ 16-17 + 3-4 mmHg ·≈– à«π„À≠à¡’°“√„™â¬“

À¬Õ¥μ“‡æ◊ËÕ≈¥§«“¡¥—πμ“∑’Ë≈¥≈ß

μ“√“ß∑’Ë 25,6,9 · ¥ßº≈¢Õß°“√∑” trabectome √à«¡

°—∫ phacoemulsification + IOL æ∫«à“ §à“‡©≈’Ë¬§«“¡¥—π

≈Ÿ°μ“°àÕπºà“μ—¥ π—Èπ„°≈â‡§’¬ß°—π§◊Õ 19-21 + 6-8 mmHg

·≈–§à“‡©≈’Ë¬§«“¡¥—π≈Ÿ°μ“À≈—ßºà“μ—¥ „π·μà≈–ß“π«‘®—¬≈¥≈ß

‰¥â„°≈â‡§’¬ß°—π§◊Õ 15-16 + 2-3 mmHg

¿“«–·∑√° ấÕπ¢Õß°“√∑” trabectome

ë ‡≈◊Õ¥ÕÕ°®“° Schlemmûs canal ·≈–‡≈◊Õ¥ÕÕ°

„π™àÕßÀπâ“≈Ÿ°μ“ (0-59%)

ë º—ßº◊¥∑’Ë¡ÿ¡μ“ (goniosynechiae) (0-14%)

ë §«“¡¥—πμ“ Ÿß„π«—π·√°À≈—ßºà“μ—¥ (0-5%)

ë ¡’°“√∫“¥‡®Á∫μàÕ ciliary body ·≈– zonule (0-

3%)

ë ¡’°“√∫“¥‡®Á∫μàÕ Descemetûs membrane (0-

2%)

¢âÕ‡ ’¬·≈–¢âÕ®”°—¥¢Õß°“√∑” trabectome

ë ‡π◊ËÕß®“°∫√‘‡«≥∑’Ë abrasion §◊Õ 90-120 Õß»“

®÷ß¢“¥ circumferential flow ¢Õß aqueous

ë ™àÕß∑’Ë∑”Õ“®ªî¥®“° peripheral anterior syne-

chiae

ë °“√≈¥ IOP ∂Ÿ°®”°—¥‚¥¬ episcleral venous

pressure (EVP) ·≈– Schlemmûs canal resistance

¥—ßπ—Èπ§π‰¢â∑’ËμÕ∫ πÕß¥’§«√¡’ normal EVP†·≈–¡’√–¥—∫†

IOP ∑’Ë¡“°°«à“ EVP

ë ¢≥–π’È¬—ß‰¡à¡’ randomized controlled trials ¢Õß

°“√„™â trabectome

√Ÿª∑’Ë 1 · ¥ß°“√‡§≈◊ËÕπ Trabectome device ‡æ◊ËÕ ≈“¬ trabecular meshwork ·≈– inner wall ¢Õß
Schlemmûs canel
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iStent
‡ªìπ non-ferromagnetic titanium stent Õÿª°√≥å

π’È®– √â“ß∑“ßºà“π∑’Ë‡ªìπ√Ÿ‡ªî¥∑’Ë∂“«√®“° anterior chamber

ºà“π trabecular meshwork ‡¢â“ Ÿà Schlemmûs canal  μ—«

Õÿª°√≥å à«π∑’Ë‡ªìπ snorkel ¡’¢π“¥ Ÿß 0.3 ¡¡. ∑àÕ¡’¢π“¥

120 ‰¡§√Õπ ·≈–¬“« 1 ¡¡. μ—«∑àÕ®–‡ªî¥§√÷ËßÀπ÷Ëß ¡’

retension arches ªÑÕß°—π°“√‡§≈◊ËÕπ ·≈–ª≈“¬¡’≈—°…≥–

‡ªìπ self-trephining ‡æ◊ËÕ™à«¬„π°“√‡®“–‡¢â“ Õÿª°√≥å∂Ÿ°

‡§≈◊Õ∫¥â«¬ heparin ‡æ◊ËÕ™à«¬‡æ‘Ë¡°“√√–∫“¬ÕÕ°¢Õß aque-

ous  Õÿª°√≥åπ’Èºà“π CE mark ·≈– FDA ‚¥¬ FDA √—∫√Õß

°“√„ à iStent √à«¡°—∫ºà“μ—¥μâÕ°√–®°

μ“√“ß∑’Ë 310-12 · ¥ßº≈¢Õß°“√„ à iStent √à«¡°—∫

ºà“μâÕ°√–®°¥â«¬«‘∏’ phacoemulsification + IOL ‡¡◊ËÕ‡∑’¬∫

°—∫°“√ºà“μâÕ°√–®°‡æ’¬ßÕ¬à“ß‡¥’¬«æ∫«à“ §à“‡©≈’Ë¬§«“¡

¥—π≈Ÿ°μ“°àÕπºà“μ—¥„°≈â‡§’¬ß°—π§◊Õ 17-18 + 3 mmHg

‚¥¬„πß“π«‘®—¬¢Õß Fea ·≈– Samuelson æ∫«à“ §à“‡©≈’Ë¬

§«“¡¥—π≈Ÿ°μ“À≈—ßºà“μ—¥¢Õß°≈ÿà¡∑’Ë„ à iStent ‡∑’¬∫°—∫‰¡à

„ àπ—Èπ¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘†‚¥¬§à“

‡©≈’Ë¬§«“¡¥—π≈Ÿ°μ“À≈—ßºà“μ—¥ ≈¥≈ß¡“Õ¬Ÿà„π™à«ß 14.8 + 1.2

mmHg ·μàß“π«‘®—¬¢Õß Craven ·≈–§≥–‰¡àæ∫§«“¡

·μ°μà“ß¢Õß„π∑—Èß Õß°≈ÿà¡ Õ’°∑—Èß¡’°“√≈¥≈ß¢Õß°“√„™â¬“

À¬Õ¥μ“‡æ◊ËÕ≈¥§«“¡¥—πμ“∑’Ë„°≈â‡§’¬ß°—π

μ“√“ß∑’Ë 413 · ¥ßº≈¢Õß°“√„ à iStent 2 μ—«√à«¡

°—∫ºà“μâÕ°√–®°¥â«¬«‘∏’ phacoemulsification + IOL ‡¡◊ËÕ

‡∑’¬∫°—∫°“√ºà“μâÕ°√–®°‡æ’¬ßÕ¬à“ß‡¥’¬«æ∫«à“ „π°≈ÿà¡∑’Ë„ à

iStent 2 μ—«¡’ IOP ≈¥≈ß°«à“Õ’°°≈ÿà¡Õ¬à“ß¡’π—¬ ”§—≠ ·≈–

¡’°“√„™â¬“À¬Õ¥μ“‡æ◊ËÕ≈¥§«“¡¥—πμ“∑’Ë≈¥≈ß∂÷ß 91% ·μà

Õ¬à“ß‰√°Áμ“¡ §à“‡©≈’Ë¬§«“¡¥—π≈Ÿ°μ“À≈—ßºà“μ—¥Õ¬Ÿà„π™à«ß

§àÕπ¢â“ß Ÿß§◊Õ 17.6 + 2.8 mmHg

μ“√“ß∑’Ë 514 · ¥ßº≈¢Õß°“√„ à iStent 2 μ—«√à«¡

°—∫ºà“μâÕ°√–®°¥â«¬«‘∏’ phacoemulsification + IOL ‡¡◊ËÕ

‡∑’¬∫°—∫°“√„ à iStent 3 μ—«√à«¡°—∫ºà“μâÕ°√–®°¥â«¬«‘∏’

Minckler et al5 738 24 25.7 + 7.7 16.6 + 4 35 N/A 2.9 --->  1.2
Ting et al6 517 12 POAG 25.5 + 7.9 16.8 + 3.9 34 < 0.01 2.7 --->  2.1

PXG 29.0 + 7.5 16.1 + 4.0 44 (between 2 groups) 3.1 --->  2.2
Ahuja et al7 88 24 25.9 + 8.9 16.8 + 2.8 35 < 0.01 3.3 --->  2.2

(p = 0.07)
Maeda et al8 80 6 26.6 + 8.1 17.4 + 3.4 29 < 0.05 4 --->  2.3

 (p < 0.05)

μ“√“ß∑’Ë 1  · ¥ßº≈¢Õß°“√∑” trabectome

Author Patients
(n)

F/U time
(mo)

Mean
baseline

IOP

Mean
Post-op

IOP

%
decreased

IOP

P value No of medication
(pre-op --->
post op)

μ“√“ß∑’Ë 2  · ¥ßº≈¢Õß°“√∑” trabectome √à«¡°—∫ phacoemulsification + IOL

Francis et al9 304 12 20.0 + 6.3 15.5 + 2.9 16 no 2.7 --->  1.4
Minckler et al5 366 12 20.0 + 6.2 15.9 + 3.3 18 no 2.6 --->  1.5
Ting et al6 308 12 POAG 19.0 + 5.4 15.6 + 3.2 22 <0.01 2.4 --->  1.6

PXG 21.7 + 8.4 14.3 + 3.2 35 (between 2 groups) 2.5 --->  1.5

Author Patients
(n)

F/U time
(mo)

Mean
baseline

IOP

Mean
Post-op

IOP

%
decreased

IOP

P value No of medication
(pre-op --->
post op)
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μ“√“ß∑’Ë 3 · ¥ßº≈¢Õß°“√„ à iStent √à«¡°—∫ºà“μâÕ°√–®°¥â«¬«‘∏’ phacoemulsification + IOL ‡∑’¬∫°—∫°“√ºà“μ—¥
phacoemulsification + IOL (PE)

Author Fea, et al10 Samuelson, et al11 Craven, et al12

  (n) 36 240 240

Follow-up time (mo) 15 12 12

Mean baseline IOP (mm.Hg)
iStent+ PE 17.9 + 2.6 18.7 + 3.3 18.6 + 3.4
PE                                         17.3 + 3 18.0 + 3.0 17.9 + 3.0

Mean Post-op IOP (mean reduction)
iStent+ PE 14.8 + 1.2 1.5 + 3 17.0 + 2.8
PE 15.7 + 1.1 1 + 3.3 17.0 + 3.1

% decreased IOP
iStent+ PE 17.3 8.0 8.6
PE 9.2 5.5 5.0

P-value 0.042 0.003 0.09

% decreased medication
iStent+ PE 80 87 88
PE 31.6 73 73

μ“√“ß∑’Ë 4 · ¥ßº≈¢Õß°“√„ à iStent 2 μ—«√à«¡°—∫ºà“μâÕ°√–®°
¥â«¬«‘∏’ phacoemulsification + IOL ‡∑’¬∫°—∫
°“√ºà“μ—¥ phacoemulsification + IOL (PE)

Author Fernändez, et al13

(n) 33

Follow-up time (Mo) 12

Mean baseline IOP
2iStent+ PE 24.8 + 1.8
PE 23.6 + 1.5

Mean Post-op IOP
2iStent+ PE 14.8 + 1.2
PE 19.8 + 2.3

% decreased IOP
2iStent+ PE 27
PE 16

P-value 0.04

% decreased  medication
2iStent+ PE 91
PE 42

μ“√“ß∑’Ë 5 · ¥ßº≈¢Õß°“√„ à iStent À≈“¬μ—«√à«¡°—∫ºà“μâÕ
°√–®°¥â«¬«‘∏’ phacoemulsification + IOL (PE)

Author Belovat, et al14

(n) 53

Follow-up time (mo) 12

Mean baseline IOP
2iStent+ PE 17.3 + 4.9
3iStent+ PE 18.6 + 4.0

Mean Post-op IOP
2iStent+ PE 13.8
3iStent+ PE 14.8

% decrease IOP
2iStent+ PE 20
3iStent+ PE 20

P-value 0.73

% decreased  medication
2iStent+ PE 64
3iStent+ PE 85
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μ“√“ß∑’Ë 6 · ¥ßº≈¢Õß°“√„ à hydrus microstent √à«¡°—∫ºà“
μâÕ°√–®°¥â«¬«‘∏’ phacoemulsification + IOL ‡∑’¬∫
°—∫°“√ºà“μ—¥ phacoemulsification + IOL (PE)

Author Pfeiffer, et al15

(n) 100

Follow-up time (mo) 24

Mean baseline IOP
hydrus+ PE 26.3 + 4.4
PE 26.6 + 4.2

Mean Post-op IOP
hydrus+ PE 16.9 + 3.3
PE 19.2 + 4.7

% decreased IOP
hydrus+ PE 50
PE 28

P-value 0.0093

P-value (decease medication) 0.0189

phacoemulsification + IOL æ∫«à“ §à“‡©≈’Ë¬§«“¡¥—π≈Ÿ°

μ“À≈—ßºà“μ—¥„π∑—Èß Õß°≈ÿà¡π—Èπ‰¡à¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’

π—¬ ”§—≠∑“ß ∂‘μ‘

¿“«–·∑√° ấÕπ¢Õß iStent

ë ‡≈◊Õ¥ÕÕ°™àÕßÀπâ“≈Ÿ°μ“‡≈Á°πâÕ¬ (0-70%)

ë §«“¡¥—πμ“ ŸßÀ≈—ßºà“μ—¥™—Ë«§√“« (0-30%)

ë Õÿª°√≥åÕ¬Ÿàº‘¥μ”·Àπàß (0-21%)

ë °√–®°μ“∫«¡ (0-20%)

ë ∑àÕÕÿª°√≥åÕÿ¥μ—π®“°°âÕπ‡≈◊Õ¥À√◊Õ¡à“πμ“‰ªÕÿ¥

(4-15%)

¢âÕ®”°—¥¢Õß iStent

ë °“√ √â“ß∑“ß√–∫“¬∂Ÿ°®”°—¥¥â«¬¢π“¥∑’Ë‡≈Á°¢Õß

∑àÕÕÿª°√≥å

ë °“√„ à iStent √à«¡°—∫°“√ºà“μâÕ°√–®° πà“®–„Àâ

º≈°“√√—°…“∑’Ë¥’°«à“∑’Ë„ à iStent Õ¬à“ß‡¥’¬« ‡æ√“–°“√‡Õ“

‡≈π åμ“ÕÕ°™à«¬‡ªî¥¡ÿ¡μ“„Àâ°«â“ß¢÷Èπ

ë °“√„ à iStents À≈“¬μ—«πà“®–„Àâº≈°“√√—°…“∑’Ë¥’

°«à“μ—«‡¥’¬«

Hydrus microstent
Õÿª°√≥å‡ªìπ super-elastic, biocompatible, nickel-

titanium alloy (nitinol) ¬“« 8 ¡¡. μ√ßª≈“¬¡’ inlet por-

tion 1 ¡¡. ́ ÷Ëß‡ªìπ à«π∑’Ë®–Õ¬Ÿà„π anterior chamber  ·≈–

¡’ à«π¢Õß scaffold ‡æ◊ËÕ¢¬“¬ Schlemmûs canal ́ ÷Ëß¢¬“¬

‰¥â 4-5 ‡∑à“¢Õß§«“¡°«â“ßª°μ‘ Õÿª°√≥å®–∂Ÿ°„ à‚¥¬„™â

preloaded injector ºà“π clear corneal incision ‡¢â“‰ª

Õ¬Ÿàμ”·Àπàß intracanalicular „π Schlemmûs canal

Õÿª°√≥åºà“π CE mark ·μà FDA ¬—ßÕ¬Ÿà„π phase IV clini-

cal trials (√Ÿª∑’Ë 2)

μ“√“ß∑’Ë 615 · ¥ßº≈¢Õß°“√„ à hydrus microstent

√à«¡°—∫ºà“μâÕ°√–®°¥â«¬«‘∏’ phacoemulsification + IOL

‡¡◊ËÕ‡∑’¬∫°—∫°“√ºà“μâÕ°√–®°‡æ’¬ßÕ¬à“ß‡¥’¬«æ∫«à“ §à“‡©≈’Ë¬

§«“¡¥—π≈Ÿ°μ“À≈—ßºà“μ—¥∑’Ë 24 ‡¥◊Õπ ¡’§«“¡·μ°μà“ß°—π

Õ¬à“ß¡’π—¬ ”§—≠ ‚¥¬¡’§à“‡©≈’Ë¬§«“¡¥—π≈Ÿ°μ“À≈—ßºà“μ—¥

¢Õß°≈ÿà¡∑’Ë„ à hydrus microstent §◊Õ 16.9 + 3.3 mmHg

·≈–æ∫«à“¡’°“√„™â¬“À¬Õ¥μ“‡æ◊ËÕ≈¥§«“¡¥—πμ“∑’Ë≈¥≈ß

μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠ πÕ°®“°π—Èπß“π«‘®—¬π’Èæ∫«à“§«“¡

ª≈Õ¥¿—¬„π°≈ÿà¡∑’Ë„ à hydrus microstent √à«¡°—∫ºà“μâÕ°√–®°

‡∑à“°—∫°≈ÿà¡§«∫§ÿ¡∑’Ëºà“μ—¥μâÕ°√–®°‡æ’¬ßÕ¬à“ß‡¥’¬« æ∫¡’

focal peripheral anterior synechiae ®”π«π 12% ¢Õß

§π‰¢â°≈ÿà¡∑’Ë„ à hydrus microstent ·μà‰¡à —¡æ—π∏å°—∫

ª√– ‘∑∏‘º≈¢ÕßÕÿª°√≥å

Excimer laser trabeculotomy (ELT)
‡ªìπ°“√„™â xenon chloride pulsed excimer laser

(XeCl 308 nm, spot size 200 μm, pulse energy

1.2 mJ, duration 80 ns) ∑”°“√ photoablative „Àâ‡°‘¥

cooling effect ‡æ◊ËÕ„Àâ¡’°“√ √â“ß√Ÿ‡≈Á°Ê ∑’Ë anterior trabe-

cular meshwork ‚¥¬„™âÀ—« laser probe ÷́ËßμâÕß¡’ gonio-

scopy lens ™à«¬„π°“√¥Ÿ¡ÿ¡™àÕßÀπâ“¡à“πμ“ À√◊Õ„™â‡ªìπÀ—«

endoscopic laser probe ∑’Ë¥Ÿ¿“æºà“π∑“ßÀπâ“®Õ ‚¥¬

∑”®”π«π 8-10 laser spots ·≈–·μà≈–®ÿ¥Àà“ß°—πª√–¡“≥

500 μm

μ“√“ß∑’Ë 716 · ¥ßº≈¢Õß°“√∑” ELT ‡¡◊ËÕ‡∑’¬∫°—∫

°“√∑” SLT (°≈ÿà¡§«∫§ÿ¡) æ∫«à“ §à“‡©≈’Ë¬§«“¡¥—π≈Ÿ°μ“
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μ“√“ß∑’Ë 7  · ¥ßº≈¢Õß°“√∑” ELT ‡¡◊ËÕ‡∑’¬∫°—∫°“√∑” SLT

Babighian et al16 30 24 25.0 + 1.9 17.6 + 2.2 30 <0.001 62
23.9 + 0.9 19.1 + 1.8 21 <0.001 60

Author Patients
(n)

F/U time
(mo)

Mean baseline
IOP
ELT
SLT

Mean
Post-op IOP

ELT
SLT

% decreased
IOP
ELT
SLT

P value % decreased
medication

ELT
SLT

μ“√“ß∑’Ë 8  · ¥ßº≈¢Õß°“√∑” ELT ·≈– CyPass

ELT alone Têteberg- 28 12 19.8 + 5.3 4.5 + 5.9 23 <0.001 38.9
Harms et al17 (IOP reduced)

CyPass alone García- 65 12 24.5 + 2.8 16.4 + 5.5 35 <0.001 36
Feijoo et al18

Type of
surgery

Author Patients
(n)

Mean
baseline

IOP

Mean
Post-op

IOP

%
decreased

IOP

P value %
decreased
medication

F/U
time
(mo)

°àÕπºà“μ—¥„°≈â‡§’¬ß°—π§◊Õ  23-25 mmHg ‚¥¬¡’ §à“‡©≈’Ë¬

§«“¡¥—π≈Ÿ°μ“À≈—ßºà“μ—¥∑’Ë 24 ‡¥◊Õπ„π°≈ÿà¡∑’Ë∑” ELT §◊Õ

17.6 + 2.2 mmHg ·≈–„π°≈ÿà¡∑’Ë∑” SLT (°≈ÿà¡§«∫§ÿ¡) §◊Õ

19.1 + 1.8 mmHg ·≈–∑—Èß Õß°≈ÿà¡ “¡“√∂≈¥ IOP ‰¥â

Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ ‚¥¬¡’°“√„™â¬“≈¥§«“¡¥—πμ“

À≈—ßºà“μ—¥∑’Ë≈¥≈ß„°≈â‡§’¬ß°—π§◊Õ 60%

μ“√“ß∑’Ë 817  · ¥ßº≈¢Õß°“√∑” ELT æ∫«à“ §à“‡©≈’Ë¬

§«“¡¥—π≈Ÿ°μ“À≈—ßºà“μ—¥∑’Ë 12 ‡¥◊Õπ ≈¥≈ß 4.5 + 5.9 mmHg

®“°°àÕπºà“μ—¥Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘

 √Ÿª∑’Ë 2   · ¥ßμ”·Àπàß hydrus microstent ∑’ËÕ¬Ÿà„π Schlemmûs canal
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¿“«–·∑√° ấÕπ·≈–¢âÕ®”°—¥

ë Õ“®‡°‘¥‡≈◊Õ¥ÕÕ°‡≈Á°πâÕ¬‰¥â„π√–À«à“ß∑”

ë °“√ √â“ß√Ÿ‡≈Á°Ê ∑’Ë anterior trabecular mesh-

work ¡’‚Õ°“ ∑”„Àâ‡°‘¥·º≈‡ªìπ

ë «‘∏’π’È ‰¥âº≈¥’„π§π‰¢â∑’Ë¡’ normal EVP ·≈– base-

line IOP  Ÿß°«à“ EVP

ë °“√∑” ELT μâÕß°“√ª√– ∫°“√≥å¢Õß·æ∑¬å∑’Ë

ºà“μ—¥„π°“√„™â direct goniolens Õ’°∑—Èß‡§√◊ËÕß¡◊Õ¡’√“§“

·æß

High frequency deep sclerotomy (HFDS)
‡ªìπ°“√„™â diathermic probe ´÷Ëß¡’ª≈“¬¬“« 1 ¡¡.

 Ÿß 0.3 ¡¡. °«â“ß 0.6 ¡¡. ·≈–¥â“πÀ≈—ß‚§âß‡ªìπ¡ÿ¡ 15 Õß»“

À—« probe ®– √â“ß bipolar radiofrequency energy

‡æ◊ËÕ‡®“–ºà“π trabecular meshwork ‡¢â“ Ÿà Schlemmûs

canal†‚¥¬∑”®”π«π 6 ®ÿ¥ (√Ÿª∑’Ë 3)

ß“π«‘®—¬μà“ßÊ ¢Õß HFDS ¬—ßÕ¬Ÿà„π clinical trials

¿“«–·∑√° ấÕπ

ë ¿“«–§«“¡¥—πμ“μË” ´÷Ëß∑’Ëæ∫¡—°‰¡à√ÿπ·√ß

ë ‡≈◊Õ¥ÕÕ°™àÕßÀπâ“≈Ÿ°μ“ ‚¥¬À“¬„π 2 Õ“∑‘μ¬å

ë ¡’ “√‚ª√μ’π‡°‘¥¢÷Èπ„π™àÕßÀπâ“¡à“πμ“™—Ë«§√“«

(Transient fibrin formation)

2. Increasing uveoscleral outflow
CyPass†microstent

Õÿª°√≥å‡ªìπ polyamide ¬“« 6.35 ¡¡. ·≈–¡’ ex-

ternal diameter ¢π“¥ 510 μm†‚¥¬Õÿª°√≥åπ’È®–‰ªÕ¬Ÿà∑’Ë

suprachoroidal space†‡æ◊ËÕ √â“ß™àÕß∑“ß∑’Ë∂“«√√–À«à“ß

anterior chamber °—∫ suprachoroidal space μ“¡§«“¡

¬“«¢Õß stent ®–¡’≈—°…≥– microholes ‡æ◊ËÕ„Àâ aqueous

ÕÕ°‰¥â√Õ∫  ¥â“πμâπ¢Õß stent ‡ªìπ≈—°…≥– collar ÷́Ëß®–

‡ªìπ à«π∑’ËÕ¬Ÿà„π anterior chamber angle μ—« stent ®–

∂Ÿ°„ à‚¥¬¡’μ—«π”∑’Ë¡’ª≈“¬¡π ‡æ◊ËÕ‡ªìπμ—«·¬°™—Èπ¢Õß iris

®“° scleral spur Õÿª°√≥åºà“π CE mark ·μà¬—ß‰¡àºà“π

FDA (√Ÿª∑’Ë 4)

μ“√“ß∑’Ë 818 · ¥ßº≈¢Õß°“√„ à CyPass æ∫«à“§à“

‡©≈’Ë¬§«“¡¥—π≈Ÿ°μ“°àÕπºà“μ—¥‡∑à“°—∫ 24.5 + 2.8 mmHg

·≈–§à“‡©≈’Ë¬§«“¡¥—π≈Ÿ°μ“À≈—ßºà“μ—¥∑’Ë 12 ‡¥◊Õπ‡∑à“°—∫ 16.4
+ 5.5 mmHg ÷́Ëß∂◊Õ«à“≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘

μ“√“ß∑’Ë 919 · ¥ßº≈¢Õß°“√„ à CyPass √à«¡°—∫ºà“

μâÕ°√–®°¥â«¬«‘∏’ phacoemulsification + IOL ÷́Ëßß“π

«‘®—¬·∫àß§π‰¢â POAG ‡ªìπ Õß°≈ÿà¡ §◊Õ uncontrolled IOP

(> 21 mmHg)† ·≈– IOP-controlled (< 21 mmHg)

æ∫«à“∑’Ë 6 ‡¥◊Õπ ∑—Èß Õß°≈ÿà¡¡’ IOP ≈¥≈ß¡“„°≈â‡§’¬ß°—π§◊Õ

15.6 + 0.5-0.7 mmHg ·≈–∑—Èß Õß°≈ÿà¡ “¡“√∂≈¥ IOP

√Ÿª∑’Ë 3  · ¥ß‡§√◊ËÕß¡◊Õ·≈–«‘∏’°“√∑” HFDS (∫√‘…—∑ ‡øî√å ∑ Õ“¬ ‡´Õ√å®‘§—≈ ®”°—¥ ‡Õ◊ÈÕ‡ΩóôÕ¿“æª√–°Õ∫)
(√Ÿª ’∑â“¬‡≈à¡)
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√Ÿª∑’Ë 4 · ¥ßμ”·Àπàß¢Õß CyPass ‡æ◊ËÕ‡ªìπ™àÕß∑“ß∑’Ë∂“«√√–À«à“ß anterior chamber °—∫ suprachoroidal space

‰¥âÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ √«¡∂÷ß°“√„™â¬“≈¥§«“¡¥—πμ“

À≈—ßºà“μ—¥≈¥≈ß

¿“«–·∑√° ấÕπ

ë ¿“«–§«“¡¥—πμ“μË”„π™à«ß·√°

ë §«“¡¥—πμ“ ŸßÀ≈—ßºà“μ—¥™—Ë«§√“«

ë ‡≈◊Õ¥ÕÕ°™àÕßÀπâ“≈Ÿ°μ“ ·≈–Õ“®¡’°“√Õ—°‡ ∫À≈—ß

ºà“μ—¥

ë Peripheral anterior synechiae æ∫°“√Õÿ¥μ—π

∫“ß à«π¢Õß∑àÕÕÿª°√≥å

ë æ∫°“√æ—≤π“μâÕ°√–®°‡√Á«¢÷Èπ™à«ßª√–¡“≥ 12

‡¥◊Õπ

3. Reducing aqueous production
Endocyclophotocoagulation (ECP)

‡ªìπ cilioablative procedures ∑”‚¥¬„™â curved

laser endoscope probe†∑’ËμàÕ°—∫ diode laser 810 nm,

200›400 mW continuous duration ®’È ‰ª∑’Ë anterior

ciliary process ®π∑”„Àâ‡°‘¥°“√À¥·≈– ’́¥¢Õß anterior

ciliary process ∑”∫√‘‡«≥ 270-360 Õß»“ «‘∏’π’Èºà“π

°“√√—∫√Õß®“° FDA ·≈â«·≈–¡’°“√„™â∑—Ë«‚≈°¡“¡“°°«à“

12 ªï

μ“√“ß∑’Ë1020,21 · ¥ßº≈°“√∑” ECP √à«¡°—∫ºà“

μâÕ°√–®°¥â«¬«‘∏’ phacoemulsification + IOL ‡¡◊ËÕ‡∑’¬∫

°—∫°“√ºà“μâÕ°√–®°‡æ’¬ßÕ¬à“ß‡¥’¬«æ∫«à“ „πß“π«‘®—¬¢Õß

Fracis °≈ÿà¡∑’Ë∑” ECP √à«¡°—∫ phacoemulsification +

IOL ∑’Ë 24 ‡¥◊Õπ†¡’ IOP ·≈–°“√„™â¬“≈¥§«“¡¥—πμ“À≈—ß

ºà“μ—¥≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠ ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡∑’Ëºà“μâÕ°√–®°

‡æ’¬ßÕ¬à“ß‡¥’¬«‚¥¬§à“‡©≈’Ë¬§«“¡¥—π≈Ÿ°μ“À≈—ßºà“μ—¥§◊Õ

16.0 + 3.3†mmHg ·μà„πß“π«‘®—¬¢Õß Siegel ·≈–§≥–

æ∫·§à°“√„™â¬“≈¥§«“¡¥—πμ“À≈—ßºà“μ—¥≈¥≈ßÕ¬à“ß¡’π—¬

 ”§—≠ ·μà°“√≈¥ IOP ‰¡àμà“ß°—π

μ“√“ß∑’Ë 9  · ¥ßº≈¢Õß°“√∑” CyPass √à«¡°—∫ºà“μâÕ°√–®°¥â«¬«‘∏’ phacoemulsification + IOL (PE)

Hoeh et al19 184 6 21.1 + 5.91 Cohort1 15.6 + 0.53 37 <0.001 50
Cohort2 15.6 + 0.68 no report <0.001 71

Author Patients
(n)

F/U
time
(mo)

Mean
baseline

IOP

Mean
Post-op

IOP

%
decreased

IOP

P value %
decreased
medication
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¿“«–·∑√° ấÕπ·≈–¢âÕ®”°—¥

ë ‡≈◊Õ¥ÕÕ°™àÕßÀπâ“≈Ÿ°μ“ (4%)

ë ®ÿ¥√—∫¿“æ™—¥∫«¡ (4%)

ë ®Õª√– “∑μ“À≈ÿ¥ (2%)

ë °“√Õ—°‡ ∫„π≈Ÿ°μ“∑’Ë√ÿπ·√ß

ë μâÕßÕ“»—¬°“√Ωñ°Ωπ·≈–§«“¡™”π“≠„π°“√∑”

endoscopic surgery

4. Creating subconjunctival drainage
pathway
XEN gel stent

Õÿª°√≥å‡ªìπ∑àÕ≈—°…≥–π‘Ë¡ ∑”®“° collagen-derived

gelatin ÷́Ëß‡ªìπ non-inflammatory implant ¢π“¥¬“«

6 ¡¡. À≈—°°“√§◊Õ‡æ◊ËÕ √â“ß∑“ß√–∫“¬¢Õß aqueous hu-

mor ®“° anterior chamber ‰ª∑’Ë subconjunctival space

´÷Ëß‰¡à„™à physiologic route ‡™àπ‡¥’¬«°—∫°“√∑” trabe-

culectomy

XEN gel stent ®–Õ¬Ÿà„π inserter ∑’Ë¡’ probe ‡ªìπ

μ—«π” „ àºà“π small corneal incision†‚¥¬∑’ËÀ—« probe ™’È

‰ª∑’Ë trabecular meshwork À≈—ß®“°π—Èπ·∑ß∑–≈ÿ‡æ◊ËÕ √â“ß

scleral tunnel ‡¢â“‰ª∑’Ë subconjunctival space ·≈â«©’¥

XEN gel stent†ÕÕ°¡“ ‚¥¬‰¡àμâÕß¡’°“√·¬°™—Èπ tenon

space Õÿª°√≥åπ’È∑”ß“π‚¥¬ lumen ¢Õß XEN gel stent

®–§«∫§ÿ¡°“√‰À≈ÕÕ°¢Õß aqueous „ÀâÕÕ°¡“∑“ß ab

μ“√“ß∑’Ë 10 · ¥ßº≈¢Õß°“√∑” ECP √à«¡°—∫ºà“μâÕ°√–®°¥â«¬«‘∏’ phacoemulsification + IOL ‡∑’¬∫°—∫°“√ºà“μ—¥ phacoemul-
sification + IOL (PE)

Fracis et al20 88 24 18.1 + 3.0 6.0 + 3.31 10 0.01 <0.01
18 + 3 7.3 + 2.3 0.8

Siegel  et al21 261 36 17.2 + 4.8 14.7 + 3.1 14.5 0.34 <0.01
17.7 + 4.4 15.5 + 3.6 -

Author Patients
(n)

F/U
time
(mo)

Mean baseline
IOP

ECP + PE
PE

Mean
Post-op IOP

ECP + PE
PE

% decreased
IOP

ECP + PE
PE

P value P-value
(decreased
medication)

√Ÿª∑’Ë 5 · ¥ßμ”·Àπàß¢Õß XEN gel stent ‚¥¬∑àÕ Õ¥®“° anterior chamber ∑–≈ÿ‰ª∑’Ë subconjunctival space
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