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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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Minimally Invasive Glaucoma Surgery (MIGS)

Tsadofiudu unefivihldausaduiy svsev
A ndanszan Tl 2010 fuseann 605 druauialan
Hudedu wazerefuwdliudniude 80 &uaulu
11 2020

nanMsSnEIFafiu HBRAAMNAUAT (intraocu-
lar pressure; IOP) TﬁagTuizﬁuﬁﬂaamﬁmaﬁv’aﬂiz m
anaasauld TneASaeq seil

o Msldn Sfspmoenan wu Naa prostaglan-
din analogs, beta-adrenergic antagonists, adrenergic
agonists WA¥HINU AU oral carbonic anhydrase
inhibitors

o N3lHaLBS 1B selective laser trabeculo-
plasty (SLT), laser iridoplasty, trans-scleral laser

e MAIWNAA LHU trabeculectomy (standard treat-
ment), tube shunts (Ahmed, Baerveldt, Moltino)

ﬂ?ﬁgﬁuﬁm‘w\i’lﬁﬂﬁﬁﬂﬂ’i’l minimally invasive
glaucoma surgery (MIGS) fia nM3WdafLEu ab interno
microincisional approach FavBnidponssaianziie
YA FIINNTHIAR trabeculectomy WULLAN  IWA
THunarmeaE193I0157 Uapadulas 1N150anANNG
ALe°

aulifvinne “msu MIGS®

o aulddafiuluszazusnioszuznanslunguaes
fofiuyaidadgugfl (Primary open angle glaucoma;
POAG) fin7iunila pseudoexfoliation (pseudoexfolia-
tion glaucoma;PXG) WRsFDAUBHUA pigmentary dis-
persion

o Tsnsofufigulaldusiazionfniuds (maxi-
mum medical treatment)

o auldfild ansalfnananusualy

o auldfidonszandan eassyrdnlundau
fuluadaiien

auld bivane vy MIGS*

o aulilunguéiefuguln Hodufinnuunain

”nm&;é"u uasdipfuszuznaniuszee Ay
o LABNFRFBRUTSaNTALT 1 "eaAnUni

o ANNAUMIZAY ofinruAulals
o AuUldNamNaAUlEIREENaLAE7
Wi MIGS AINHANNISIaINISAAANNAUAT L6
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1. Increasing trabecular outflow Taams bypass

juxtacanalicular trabecular meshwork F935Maznan
fiv Ap trabectome, iStent, hydrus microstent, excimer
laser trabeculotomy (ELT), high frequency deep scle-
rotomy (HFDS)

2. Increasing uveoscleral outflow Toeld supra-
choroidal shunt (CyPass microstent)

3. Reducing aqueous production 910 ciliary
body Tasnsii endocyclophotocoagulation
4. Creating subconjunctival drainage pathway

Tag/l# XEN gel stent

1. Increasing trabecular outflow
Trabectome

Trabectome device 1fu single-use, disposable
hand piece fivanens trabectome 2= active elec-
trode fiaUapanszw Wi ane trabecular meshwork
LAY inner wall 789 Schlemm’s canel LLazH protective
footplate 1ds 90 avAn wiallaviusnizinlnuiasasiio

Tu canal dnasunfiazdl aspiration WR< irrigation

port L ﬁﬂfb“mLﬂmﬁaLE‘iaLLa:i:mﬂﬂ’Jm%auﬂ’m@u
g gunsalazsniuiniasiudalnin high fre-
quency LLatﬂ’JU@un’l’iﬁ’m’luv\i’lu 3-stage foot pedal
Foazifums irrigation, aspiration LLas electrocautery
muaD gUnsafiiiuNT3UTes CE mark Tuglatuas
FDA 789 %3gaiasm (31J17‘i 1)

di9A

o Huns $rmesrneniienn trabecular mesh-
work 1#1_ Schlemm’s canal Taene

o NMIMFALSINTATuTIEUNIUNINABNIT iR
98NYDY aqueous LaziAmiiiadofanazaanszuiuns

L vuazuratiuneaindule
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3‘1/77 1 U evMSAADY Trabectome device W8 a1y trabecular meshwork Was inner wall 28y

Schlemm’s canel

o Wums \nuLE'iaqu wazliddnsuzang
bleb

o naRERll wsevsImiUNSENERGaNszAN

A15197 1°° U AIWRTEINTYN trabectome WU
Anafsanusunieurdainddeiufe 25-26 +
7-8 mmHg snifuauldngs PXG Tuem3dees Ting
uasAMLf ,9n11AB 29 + 7.5 mmHg Lﬁa@ﬁ%aﬁﬂmm
FUANAINFR (AR UIToNU I anasld IndLAne
fuAe 16-17 + 3-4 mmHg uas wingdnslden
NUBARLADRAANNFUATIRARS

A13197 2°°° U AUWAZBINTTYI trabectome TN
U phacoemulsification + IOL Wud1 ALaRBANAL
gnarousnda dulndiAsaiude 19-21 + 6-8 mmHg
wazAisanNiugna s Tuusazeuiduana
1iTnduAeeiu@e 15-16 + 2-3 mmHg

AMTUNINTOUTDINIINN trabectome

e LA9ABDNAN Schlemm’s canal LLALLADADAN
Tugpniingnen (0-59%)

. ﬁdﬁﬂﬁgum’l (goniosynechiae) (0-14%)

e ANNAUM ”oTu“J’uLLinwﬁomﬁﬂ (0-5%)

e in1su1midusie ciliary body Waz zonule (O-
3%)

e in15U1MURB Descemet’s membrane (O-
2%)

diaL " BuazdadNNaPaIn19v trabectome

o 1flp99nU30ui abrasion @B 90-120 9AN
9270 circumferential flow 2849 aqueous

o Zasilienadasnn peripheral anterior syne-
chiae

e N15aA IOP gﬂﬁi’lﬁ’ﬂiﬂﬂ episcleral venous
pressure (EVP) LLlar Schlemm’s canal resistance
Fotuauldfiney weeinsd normal EVP wasiisvéu
IOP fiunnnin EVP

o Dudifiolaifl randomized controlled trials 789

A3l trabectome
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A5 NN 1 1L AYNADBINISYN trabectome

Author Patients F/U time Mean Mean % P value No of medication
(n) (mo) baseline Post-op decreased (pre-op -
IOP IOP IOP post op)
Minckler et al’ 738 24 257 + 7.7 166 + 4 35 N/A 29 >12
Ting et al’ 517 12 POAG 255+79 168 +39 34 < 0.01 27 > 21
PXG290+75 161 +40 44 (between 2 groups) 31 >22
Ahuja et al’ 88 24 259 + 89 16.8 £+ 2.8 35 < 0.01 33 >22
(p = 0.07)
Maeda et al® 80 6 26.6 + 8.1 174 + 34 29 < 0.05 4 >23
(p < 0.05)
A59% 2 U AYHATEINIIYIN trabectome 3N phacoemulsification + 1OL
Author Patients F/U time Mean Mean % P value No of medication
(n) (mo) baseline Post-op decreased (pre-op -
IOP IOP IOP post op)
Francis et al’ 304 12 20.0 £ 6.3 155 +29 16 no 27 >14
Minckler et al’ 366 12 200 + 6.2 159 + 33 18 no 26 >15
Ting et al 308 12 POAG 19.0+54 156 +32 22 <0.01 24 >16
PXG 217 +84 143 +32 35 (between 2 groups) 25 >15
iStent AnuFugnamasHfnenguil * istent euiiulsi

WHu non-ferromagnetic titanium stent qﬂﬂifﬁ
‘liﬁ):: %'NwmvhuﬁL‘flugl,ﬂﬂﬁm’nam anterior chamber
K1Y trabecular meshwork 11 Schlemm’s canal ¢
aunsal iy snorkel fauna 9 0.3 wx. vieflzuia
120 lupsau waze1d 1wy, fviessidansondds
retension arches flasfun1siafiou uasUaefidnsu
{iu self-trephining tiiataslunsianzidn gunsalgn
LARBUA?E heparin Wathefinnsssueaanes aque-
ous qﬂniﬂiﬁmu CE mark uas FDA 1 FDA $u589
M3l " iStent SaniuHdRGBNTZAN

012 GINATEINTIL | iStent AN

a5197 3
Hfanszandie3s phacoemulsification + IOL Lilafiay
funIWadanszaniieestaiisanudn Anadeadny
sugnanaurdalndiAseiufe 17-18 + 3 mmHg

Tasluanuddavny Fea way Samuelson Wuq1 AR

1 Huflanuuansieiuageite dgnie 87 Tawen
lRBANNAUNAMAINFR anasnoyTutae 14.8 + 1.2
mmHg WwAvIUIdE89 Craven wazanzlainuaiu
wanaaTaeluI 29NgHN Snvefinisanaspoanislden
VeDARLNDRAANFUANT IndLAEaTU

A15197 4" U AINATEINI3l | iStent 2 Fagan
AuWdonszandud3 phacoemulsification + IOL iia
\Wisuiumssndenszaniiisetnadamuin Tunguinl
iStent 2 ¢n& IOP anasnIndnnguatnefitly Aty uaz
fimsldumeaaaiieananuduamfianasiy 91% ud
atalsfin mLaﬁﬂmmﬁugnmwﬁaNﬂﬁmagTu“ﬁaa
Apudne_9fe 17.6 + 2.8 mmHg

@15197 5" U AYNaa9NIsl | iStent 2 Fagan
fuWndanszandiuds phacoemulsification + 10L Lila

Wisudunsl | iStent 3 fsantuHIdanszandaeas
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A19190 3 W AINATBINISL | iStent SINAUNIFBNITandIwIE phacoemulsification + IOL wBufUN15HIGR

phacoemulsification + IOL (PE)

Author Fea, et al' Samuelson, et al" Craven, et al”
(n) 36 240 240

Follow-up time (mo) 15 12 12

Mean baseline IOP (mm.Hg)

iStent+ PE 179 £ 26 187 £ 33 186 £ 34

PE 173+ 3 18.0 + 3.0 179 + 3.0

Mean Post-op IOP (mean reduction)

iStent+ PE 148 + 12 15+3 170+ 238

PE 157 + 11 1+33 17.0 + 31

% decreased IOP

iStent+ PE 173 8.0 8.6

PE 9.2 55 5.0

P-value 0.042 0.003 0.09

% decreased medication

iStent+ PE 80 87 88

PE 316 73 73

A191971 4 UL AIHATBINNSL | iStent 2 fsInURIFBNTZaN
#2835 phacoemulsification + 10L gy
NNIWNFA phacoemulsification + IOL (PE)

AN 5 1L AYWATEINISL | iStent ViABFISINAUNNED
N3eanN@835 phacoemulsification + IOL (PE)

Author Fernandez, et al® Author Belovat, et al'*
(n) 33 (n) 53
Follow-up time (Mo) 12 Follow-up time (mo) 12
Mean baseline IOP Mean baseline IOP

2iStent+ PE 248 +18 2iStent+ PE 17.3 £ 49
PE 236 +15 3iStent+ PE 18.6 + 4.0
Mean Post-op IOP Mean Post-op IOP

2iStent+ PE 148 +1.2 2iStent+ PE 138
PE 198 +23 3iStent+ PE 148

% decreased IOP % decrease IOP

2iStent+ PE 27 2iStent+ PE 20

PE 16 3iStent+ PE 20
P-value 0.04 P-value 0.73
% decreased medication % decreased medication

2iStent+ PE 91 2iStent+ PE 64

PE 42 3iStent+ PE 85
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A1379% 6 L AYNRIBINNSIL hydrus microstent SN LAY
fionszan@ies phacoemulsification + IOL Ly
UNTINIAA phacoemulsification + IOL (PE)

Author Pfeiffer, et al'
(n) 100
Follow-up time (mo) 24

Mean baseline IOP

hydrus+ PE 263 + 44
PE 26.6 + 42
Mean Post-op IOP

hydrus+ PE 169 + 3.3
PE 192 +47
% decreased IOP

hydrus+ PE 50

PE 28
P-value 0.0093
P-value (decease medication) 0.0189

phacoemulsification + IOL wui @adsAadugn
pmdoRdalue snganiulaifianuuandeiusgied
e AN DR

AMTUNINTOUDDY iStent

o \Aanpandaitiignananiioy (0-70%)
ANAUAT ”mé’amﬁwﬁ"’smn (0-30%)

gunInlag ALY (0-21%)

e NITANANLIN (0-20%)

. viaqﬂmniqméfumnﬁauLﬁaﬂw%amumﬂﬂqm
(4-15%)

d991NADY iStent

e M9 %mmwizmﬂgnaﬁﬁmﬁaﬂ"ﬂmmﬁlﬁnmm
viegunsal

e M3l iStent SamUNTHFENTZAN Uz T
HANTSNEIARNIIAL | iStent BE1AET IWTIEN1TLEN
\au “maentioiDasualiniredu

e M3l iStents a9 HNANTSNBNTA
NILAEN

Hydrus microstent

qﬂﬂ’iﬂil,flu super-elastic, biocompatible, nickel-
titanium alloy (nitinol) 817 8 4. asvUaed inlet por-
tion 1 wy. Farflu "Juﬁ%ag’[u anterior chamber LAy
q P9 scaffold Lﬁa"ﬂmﬂ Schlemm’s canal %0"1!&1’18
1% 4-5 wiwesanuniwund gunsalazgnl Taeld
preloaded injector KU clear corneal incision iy
agaunUY intracanalicular Tu Schlemm’s canal
guUNI0lk Y CE mark usi FDA £98t/lu phase IV clini-
cal trials (gﬂﬁ 2)

m‘naﬁ 6"° L AIWaTEINal hydrus microstent
TwiundanIzan@ieids phacoemulsification + 10L
Wasuiunssindenssaniiavasaisanudn Alads
ANNFLUGNAMASHART 24 LHeu HAAduuansneiy
ateiiile dy  TeedA1eduanadugnamassnge
maoﬂﬁjum " hydrus microstent @s 16.9 + 3.3 mmHg
waznuirfinisldameaaniiiaanmandunifianag
fnviupgelly Ay wanINtuudTeinuay
Usaasielungadil " hydrus microstent $asifusndienszan
whﬁ’unajumuquﬁmﬁmﬁanﬁmnLﬁmaﬂ'wﬁm WUl
focal peripheral anterior synechiae 31U 12% 289
ﬂu\l’ﬁ'mjum ' hydrus microstent WLy “NWuSAY
U5t “niwavesgunial

Excimer laser trabeculotomy (ELT)

tHun5lF xenon chloride pulsed excimer laser
(XeCl 308 nm, spot size 200 um, pulse energy
1.2 mJ, duration 80 ns) Y15 photoablative ¥iiin
cooling effect Winl¥iinng %'NgLﬁm 7l anterior trabe-
cular meshwork 1agl3%7 laser probe %9éavil gonio-
scopy lens Falumagyngasnieinum vislHidu
endoscopic laser probe ﬁgmwmum\mﬁ’ma Tow
491U3U 8-10 laser spots uazuAazIavinanulszanu
500 pm

A199# 7° 1 AIwaTEIN T ELT Wfiawfisuiy
M3 SLT (ngamiuay) wudn Aedsaudugnm
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JUN 2 W AUV hydrus microstent ﬁag’fu Schlemm’s canal

A15N 7 1 AVKAEINISYIN ELT lafisuiunisvin SLT

Author Patients F/U time Mean baseline Mean % decreased P value % decreased
(n) (mo) 0P Post-op IOP IOP medication
ELT ELT ELT ELT
SLT SLT SLT SLT
Babighian et al® 30 24 250+19 176 +22 30 <0.001 62
239+ 09 191 +£138 21 <0.001 60
ﬂ’]‘i’]\’l‘?i 8 Il AYWATDINIIYI ELT WAy CyPass
Type of Author Patients F/U Mean Mean % P value %
surgery (n) time baseline Post-op decreased decreased
(mo) I0P 0P 0P medication
ELT alone Téteberg- 28 12 19.8 + 53 45+ 59 23 <0.001 389
Harms et al'’ (IOP reduced)
CyPass alone Garcia- 65 12 245 + 28 164 + 55 35 <0.001 36
Feijoo et al'®

Aourndnlndidueiufe 23-25 mmHg lawdl Anaie
anwsugnamasindei 24 weulunguivih ELT Ae
17.6 + 2.2 mmHg uazlungaivih SLT (nduaauaw) As
191 + 18 mmHg uazi9 a9ngu 1ansnan 10P ¢

adafitly dne 88 Taednsldonanmanudunn
niandnfianaslndidseiude 60%

A19197 87 1 AIWaBINI ELT wudh Alade
ANNFLgnAMSaRNafl 12 1Hiou aaag 45 + 5.9 mmHg
NNBUAIGADENNTY AN R
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MIzunsntouLazdinanin

o onafindanseani@ntasléluseninei

e N3 %'deLﬁnﬁ fi anterior trabecular mesh-
work #lam vlsiRawnadu

o 351 ldnanTuauldfid normal EVP uas base-
line IOP ”Gﬂ'j’] EVP

e N9 ELT #aen13dsr unisaivasunnsii
WAluN15ld direct goniolens BniiaiA3aviiafisnm

LN

High frequency deep sclerotomy (HFDS)

WHunsld diathermic probe Fafluawen 1w,
L9 03 13, n319 0.6 Wx. uazfunaaldaiduym 15 a9en
#2 probe a¢ 379 bipolar radiofrequency energy
\WBLATHY trabecular meshwork \fn, Schlemm’s
canal Tagvhduau 6 90 (U7 3)

93BT 289 HFDS §9atlu clinical trials

aMzunsniou

o amzanNAUm Soiiwudinlaiuuss

o Aanpantowtignan lnemelu 2 andind

o § lusfuiatulugamdsinuaiiiagi

A

(Transient fibrin formation)

cornea

2. Increasing uveoscleral outflow
CyPass microstent

gunsnliu polyamide 817 6.35 wx. uacdl ex-
ternal diameter 7u1A 510 um lasaunsaifdasluag
suprachoroidal space fia 39%89n19fin113951379
anterior chamber U suprachoroidal space AMNAINN
#1789 stent A= f&NBUL microholes 1B 1# aqueous
aonldsey  Fusiuzes stent Hudnsuy collar Fvay
WHu "Ju‘ﬁa%ﬂu anterior chamber angle ¢ stent %
gnl Taudidnhifiyansay Wafususndumes iris
91 scleral spur gunsaiiiu CE mark usidlaninu
FDA (3U 4)

A15°9% 8" 1 AYHATDINISL | CyPass WU
lRsAnusugnaiauifAWiniy 245 + 28 mmHg
wazAABANNAUgNAMAINFRT 12 Wauwiniy 16.4
+ 55 mmHg Sefiadnanavageitey @une Hf

A195197 9'° Il AYHAZEINTSL | CyPass MU
fanszandeds phacoemulsification + 10L F991u
Aeutvauld POAG 1l aungw A uncontrolled IOP
(> 21 mmHg) ae I0OP-controlled (< 21 mmHg)
WU 6 L a9nguil IOP anadNIndLAeiufe
156 + 0.5-0.7 mmHg U8zl BINEN 1W150aA IOP

ca

Descemet membrane

19

juxtacanal. 4 .
s J/jf Schwalbe ring
r
/ el ¥
’3

Direction of 1hT£€§FFd
interne tip ation

iris =
///f

¥
o -

JUN 3 u aviadavlouas35n13v1 HFDS (U3KM 15 n 018 1w939AR 917A 1ol WL52NBY)
(31U enan)
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A5 9 1L AVNATEIN1IYIN CyPass 3nUHIGBNIZan@835 phacoemulsification + IOL (PE)

Author Patients F/U Mean Mean % P value %
(n) time baseline Post-op decreased decreased
(mo) IOP IOP IOP medication
Hoeh et al” 184 6 211 +591  Cohort1 15.6 + 0.53 37 <0.001 50
Cohort2 15.6 + 0.68 no report <0.001 71

31!77 4 U AFUYUYDBY CyPass tialutian1in1153ewin anterior chamber 1l suprachoroidal space

Tiaenefitly e R samdensldenananusium
ARIHIANAARY

AMIzunINtou

o NILANNFUAIGIULIUIN

. mmﬁummwé’dmﬁmﬁ"msn

o AaABRNTRITINGNAN LATNAANTENL LNAY
NGIR

e Peripheral anterior synechiae W‘Uﬂ'ﬁﬁ)\ﬂ(ﬁu
U9 uzaevingUnInl

o WumMINRIEENIzANS UL ST 12

Wau

3. Reducing aqueous production
Endocyclophotocoagulation (ECP)
vJu cilioablative procedures ¥ lael¥ curved

laser endoscope probe #6niU diode laser 810 nm,

200-400 mW continuous duration %1‘1.]‘171. anterior
ciliary process auyl¥iinnsnauazdaeg anterior
ciliary process U310 270-360 D9AN ABfinu
N135u99997n FDA LL&I'JLLﬁzﬁﬂ"ﬁI‘B’ﬁ;ﬁiﬂﬂﬁ\nN'}ﬂﬂdﬁl
12 1

2021 1 AIWANISYIN ECP 9aNAUNN

A19199110
fanszandieds phacoemulsification + IOL ilaifiay
Aunsundanszaniissatnafeanudn Tueuiteses
Fracis nzﬁuﬁv‘h ECP 99uMU phacoemulsification +
IOL i 24 fou # 10P waznsldianananuiunmas
WdinanavaEeiy éy Walflsuiunguiiidenszan
LﬁmaemLﬁﬂ'ﬂmﬂmLa&"ﬂﬁmuﬁugnmwﬁamﬁmﬁa
16.0 + 3.3 mmHg WA WUITe09 Siegel LAzAME
WUWANTIHE1RAANNAUANAIHIFRanaIDE 19N 1TE

o o '

1oy win13an 10P laisnefiu
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AN 10 L AIWATBIN13YIN ECP SaNiu@anszansaeis phacoemulsification + IOL LfiBufiuN1sw1an phacoemul-
sification + IOL (PE)

Author Patients F/U Mean baseline Mean % decreased P value P-value
(n) time IOP Post-op IOP IOP (decreased
(mo) ECP + PE ECP + PE ECP + PE medication)
PE PE PE
Fracis et al” 88 24 181 + 3.0 6.0 + 3.31 10 0.01 <0.01
18+3 73+23 0.8
Siegel et a' 261 36 172+ 48 147 + 3.1 145 0.34 <0.01
177 £ 44 155+ 36 -

31!77 5 U aveunuvzey XEN gel stent lnemio #A970 anterior chamber Vl:@lﬂﬁ subconjunctival space

aMzunsnounazdaanin gelatin Fodu non-inflammatory implant 2110817

e RoApBNYBINTINGNAN (4%) 6 Wy, MANN1TABAD $19N9TEUIETEY aqueous hu-
o ATUNMWIALIN (4%) mor 27N anterior chamber 1141 subconjunctival space
o q8sE MAMYR (2%) #9lTy physiologic route uLAEniUN1TWA trabe-
e N13NL uTugnmﬁquLLio culectomy

e davandunsiniuuazANtu iU XEN gel stent %ayﬁu inserter 1 probe fu

endoscopic surgery

4. Creating subconjunctival drainage
pathway
XEN gel stent

qﬂnmﬁﬂuviaé’numzﬁu 11970 collagen-derived

711 1 Wy small corneal incision 1aafivia probe &
U4 trabecular meshwork Wé’dﬁ)’]ﬂﬁiltLVNVl:QLﬁﬂ 39
scleral tunnel @lU7 subconjunctival space w&dn
XEN gel stent aanun Iﬂﬂ\lﬂﬁmﬁn’mmﬂ%u tenon
space qﬂﬂ‘mﬁﬁ’m’lﬂﬂﬂ lumen 289 XEN gel stent
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