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BEIL 7960 )3, HEEEL 2100 . AAGHE IR TAREGIR 7R ESE
B FE IEAE BT A IR F R (minimally invasive glaucoma surgery, MIGS)

B0 MIGS i i N ) 138 0 55 7K S L sl s K i, BB PRARIR 3
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Bo RILRGLEIR MIGS H AR 02 L ERDRE . HACRE S I R S 3 R
XA AR BATRE L, IR k6. ImpRAFFER B, MIGS A7 fE—
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Research Advances and Clinical Applications of Minimally
Invasive Glaucoma Surgery

Abstract:Glaucoma, the second leading cause of irreversible blindness worldwide,
affected 79.6 million individuals globally in 2020, including approximately 21 million
cases in China. Traditional glaucoma surgeries, limited by significant trauma and
unstable efficacy, are gradually being supplanted by minimally invasive glaucoma
surgery (MIGS). MIGS enhances aqueous humor outflow or suppresses its production
through micro-incisions within the anterior chamber, offering advantages such as
minimal invasiveness, high safety profile, rapid recovery, fewer complications, and
the potential to optimize outcomes when combined with cataract surgery. This article
systematically reviews the classification, mechanisms, indications, complications, and
clinical advancements of various MIGS techniques, providing a horizontal
comparison to guide optimal surgical selection. Clinical studies indicate that while
MIGS demonstrates significant efficacy in mild-to-moderate glaucoma, its therapeutic
effects on advanced-stage glaucoma remain limited, necessitating combined
therapeutic interventions. Future developments in MIGS may focus on optimizing
implant material design, strengthening long-term follow-up, promoting personalized
treatment approaches, and enhancing efficacy through technology integration (e.g.,
Al-assisted interventions). With ongoing research and technological advancements,
MIGS is poised to become a cornerstone in the comprehensive management of

glaucoma, offering patients more efficient and safer therapeutic solutions.

Keywords:Minimally invasive glaucoma surgery;Glaucoma;Mechanisms of
minimally invasive glaucoma surgery;Clinical efficacy of minimally invasive

glaucoma surgery
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1% 2100 73, 3% 7960 73 N iy v [ G HR o Nt A [FISE I & 2100 A1,
2020 4 [A 75 Ve R T SO0 R AR BN E 1111 75, Herp 586 73 A OAG K%
W, 525 7T N ACG RIAM, 352k I7NRE 7). IMEFREMHE, WAL T
AR F AN 23 S AT AR B - TR T B OC IR BRE 22 5 G IR AR e il R LB
S, AR A AT R SGE, R s DS A E
L.

RGFHOCIR T ARAAAEQTR . T BERA TG E S . MM EEGIR FAR
(minimally invasive glaucoma surgery, MIGS) H¥&EHNMYIIT. ZattE. &
SRR PR IR R B R A AR SR AL, IR ARE R XU BB . 414> MIGS 1EAE
B HAE ST GIR TR B 5 5 i G IR B 2 R T 7k .

BEAT SCHR B0 MIGS JEIT T 320k, ABAFAE TCIRAE — i SCHBR S AT et
T MIGS R, FFb RORANLR . . ERRE. FFRAE. IRRITEZ 7
[N 2RI ) BT, STt ARZRR R MM K, RATRE RS 2 4
HIH ] MIGS R, BREETAFRIARICHINUR] . S & RAE A IR TR PR SE
BT BRI T G LA HEAT B 45 SV, PRAS AR UM SEER ROV AE R IR, A 5S4
I R SR BE AT AT R R R AT

o1k 320
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1 BFIARAVRERE IRHLFI SImAK 55 3

T O HR A IR L —Fof ™ 25 AN P 3 E E0E MR, Hoh — T2 Wbs e
HEESERR 2 AW E MR £ & . IR (intraocular pressure, 10P) & HREK A
HOVE AT IREREER 7y, 1% A BEYE RN 10-21mmHg, R % % /M T SmmHg,
BRI BNTGENT 8mmHg. 1T HRER N 25900 b K IR A2 S Ak O IR A B
AU

K IR R TG (3 b R 4o, A28 2-2.5u/min. @25 A
ANGERRERAS A IR B AR AN B s i . s KA UL T 5 5 AR LI
NHTBIEERT A, /N2, Schlemm & . WEHN . AMEEE E S IS
WK A [B BARAERR, 48R4 rKiE s iE o RIR 5-14% 55 KA H & RS
BREPR L] BRI N BRI AR ik 28 i i, 2 DB AN bR i ik 5% B TR BRI HH o 3 41 5%
CMT PR T S S WS HOGIR IR R IR IR 2 5 Bk th 2 BRA 5<, Wiaibs A
FOEME . MR SRR RE . DRSS 755, MESIR TR EEE S ST
S 7K HE B b5 K 43 AT BT .

2 P5 /K 2 BE, IR T S i Va2 S BURBREE A& AL E /)
WK SR N R 2 I A H 2R AR Ja I8 OB R M 2 40 . AR
22T A M T AN BT I R B R A 0T A IR R SN IR, A 2R 454 1
PREFERAT 22 N JE D [ RO &8, A e R .

HOGIRLE IR PR AR o5 DRI R LR 43 9 =R, fie 32 B AN R R 1M 5
BR, N AR AMEE YR (primary angle closure glaucoma, PACG) 5
JEUR T AT R (primary angle open glaucoma, POAG) . A PACG X453
R R A S PR A BT OGR4 R R A 1 P A B IR o R DG IR S B e PR
FEE S IR EEME R . 53R E R MEF IR, B R 1% 5 6 IR

(pseudoexfoliative glaucoma, PEX) . BERMFICIR. ARMEFTICIR; Rtk
HHER, nE/DERHAIE IR (Guvenile open-angle glaucoma, JOAG) .

b
[\S}
b=
bz
it
=il



T 7 ' R TR B WF 78 1 Je A i R 1

2 BRIRHGATHZES MIGS BEIFTEE

AR Y 551l PR 43 A B 75 DGR B A AN [ 9 S AR5 I AR AARALE o« i Ji R =
PP A Y O IR R AR A — Bt A SR R B, IR SR TR (— BTk
50mmHg PA b)) SEAIRIZIRE . k. A MR ERE KM 775548
FLBOR . SRR TTEE T B OGIRBEED0, AFESEA M EOCIRAEA B IR R 73 S
ST ER AT, MO JEIRTF AR I R Z VTR HOE ROE S5 F A bR

HOCHRREST E SO PR S IR, DURIIRBR ML, Rl iipiss, 2T
IR G YT E s A BAR R R AL, 3697 5 181 AT 43 38 00 s K HE H 5 9 55 K AR
RN T T - LB RAINRIT ~ BOBRIT 5 FARIGIT . 23R EF
GHNHTLREZ . RIS /RERE EIR RGeS BN REEJE E S oo 2 BISNF
BB REZ AT AR DI T A0 161 750055 24 9 ] IR A [R) PR B TR ATL A SR Vi T 7 Y6 R
(120 YR 7 IO NRIEAR . HERAGEER . oL I YIRS . F
ARIGITUNEYIBEA . A IASLEDIBR AR SN, X e fL G F RAZTEQMG K 1697
RRATLEFR R, T MIGS GEFEAMIIE GEE/DNTET 2mm) « 24t
s PR B AR RN B S R AR S A, S RIE TV, R RE R R A
BIDeL,

MIGS & H T OAG Hil ACG & Z FR A 1 LR AR MIGS J7iEARYE A
PABE BT VRS . JERESTRE, DI ORE B VAT 8UR . MIGS BERT{E
MG ITE, WS BN EFAREATEEN, AECIRE I O RS HE R
BT 7%, B RRE AR TT R, 7K MIGS [3&ERE. 82 ARE 55 Mk
RGBT DLEE A B N BT RST I 5 N MIGS BiE F AR %44 .
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3 MEIEARFAR (MIGS) B9

MIGS TR H i ZZK KA 4 Fo 5 —FOyE LN M -Schlemm &AL H
BRMNFAR, HFEH AR B E @2 /N -Schlemm B 1 57K H 28 51 il
B, WE ARG AKTER, REH NeoMedix 1 Trabectome*!, Glaukos ]
iStent!'®!, Sight Sciences [1) 55 1 &4 B & N & /N VIR (gonioscopy-assisted
transluminal trabeculotomy, GATT) B, #E4rFHOE/NR VIR (excimer laser
trabeculotomy, ELT) B, Ivantis ] Hydrus®, XX 7]/NZY]ERA (Kahook dual blade,
KDB) o1, 28 Z R ks i s His R iR, JEBENRE 55K gl i 2 ks ik
Jis s ) FH Ik 2% - DU T Bt s Z R EWL, AXER A Glaukos (1) Supra 322801, 2
=MD B KA TR, TR B s SR RER AR TG B R b R A, A ek
K hE, REFRIRAEIEEEAR (cyclophotocoagulation) [0, Zf PUFf A ER 45 IR
TUERE TR, JRBONEE ST K R b7 B A5 A5l EE, e R, AR
A Aquesys 1] XEN #2220, Innfocus [ Micro Shunt!®l,

b
~
p=il
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et
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4 & MIGS FRRIGER R A 57

4.1 Trabectome /J\R5ERAAR

NeoMedix [1] Trabectome i BB LA (550kHz) 1 FE M I fill /N2 9 %
Schlemm & A EE, 1@ IEH K55 /Kt s, R ATV S REE, B RPEKER &,
AR RO 4.1, FLTH RS K I MRE R R RS i1t , Hoaum & il BBk Ak
M, 2SR T 5 (R R BN A M R IR ZE, A R8s Schlemm & 41BE K
LT AR 25 R AE T AR I A 3 52 B A5 B LA PR B 53 - ), HARSE R L] 4.2,
AR LM IEAE 1.6-1.8mm YJ 1, (EBh 55 M, 515 BRI 30°-60°70 1)
INELZA, R BE Schlemm B AN J SEIRE 4544, 48 55 K BRI N SR T
RY5, CAULSRA R s /K UL H E e

Trabectome System
A Trabectome Handpiece

]

IJII.’."
N /// !
D i/ T d
4.1 Trabectome ¥ 25254410 4.2 FIRLIHLER08

Trabectome i& H T4 1 & POAG. 4k KPEFHIGIR. ACG. /NEVIBR A KW 5
FIRFARL e RMEF OGRS 618990 A B HOGIR CRRORIEDS T80 2O,
HIPE BN BT AR PR E H T HO6IR G I 3 N R R . ERpNIsIgE | 22302
% . Kazuyoshi Kitamura" Z& ] Ilfy /R i 78 55 3% 4k U9 556 1) Meta 73 #1 K 3L T
Trabectome £ 1K1 17 7 & WL AR A% S8 TR R ) 22 4 1 A0 250k, A 3L
BEEAR IR e 5 98/ 25 A8 FH o AR rp 9 5ORE N T B AR L Ok A R H 22 9 # I
PE, T RCGE W, 2 A Schlemm B BUG MBIEHD , ARJ5 IFARAECLFE I Rl
X R s Al . — I Em IR PR IEARBE . el b IRIR RS . HEEE
MRIEEIR, maeAdEH TN & .

b
=il
bz
it
=
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4.2 iStent R X R

Glaukos ] iStent A& 4 AT AR f /MR 4 5130 42, B 8 (4R iStent
5 Z4X iStent Inject, K 4.3) JEIIAIM AN A, W2 E /N R HEE N
Schlemm & P, #25K5|HiEE. —4LiStent &K 1.0 2K, &F 0.33 =K,
AR, SR 120 ROk, it SCEESEI 5 /K M) Schlemm [ 5E [ 5] At
461, Zf{ iStent Inject, KJZ 360 Wk, KA =IEAEIUL T, Jmic & 4 4
PR A AL, $R_FHF KRR (FKEIRILE 4.4) , BEANTEN RS,
FAIRERAE AT RIS RN 2 AE, DD 2t H IR P IR, BRI A T P e 452495 SR
Hh I RCIE RS 16230, B R B LS N AELNJE 1Y) iStent Inject WL 4.5,

Inlet orifice Snorkel
utflow < >
orifices
(4 total) ) —
— Y L — i & g
Flange Thorax Head Retention /
. ) . ' . e
(resides in anterior chamber) (t::ﬂ:;fl a”: (resides in Schlemm's canal) Arch Sk T ike
meshwork) Tip
a) iStent Inject 544 b) iStent Z5#4

4.3 K iStent T ZREEHIC)

4.4 iStent Inject FB7K 5 IRE10] 4.5 ERAEMETH iStent Inject?

iStent MR Y 3 48&E H T3 E OAG. #RMEFH LI IR EAE, BeG E W FE
FARBTT AT 2N T AN [F)BE 7 I 1] 68 224> B E 2 A0 (=] Bt A 72 ) S 4525 Jeremy C.
K. Tan?1%% | Kevin Gillmann?1%% [F] Meta 43 #T 5 Cedric Weich?*%% | Fritz H.
Hengerer?815& (1)1 L /X B iStent 5 iStent Inject A R U IR HR % - J80H 24578 7140
RIF e, KT &daE, AR TRE B GIRERE, MK iStent i E#Z,
HEL s BT A5 R B 6 2 o AR o I RORE N B AR, R 5 AT A R I — iV =y R
BT . A RERERE . AR IR T RE. SO FEBUE M ImAE S5 I AORE . 4R

#
o
b=
Pz
w
)
p=i
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SEIEZ N JOEA AL I RE B € ML WA AT RE 75 28— IRT AR IR A B BT
TN ARAHT P BRI S B 5 A B RIEE, AT AT BEs I TR i h 21230,

4.3 ERFEHE TR/ NRFAR

Sight Sciences ] 5 1 55 4 B & N 2% /N Z2 U1 FF R ( gonioscopy-assisted
transluminal trabeculotomy, GATT) , FAREAEF MBI T, E/NEM L]
YE 1-2mm KPP (B 4.6) , i ) 0K IR S BREAL I 5.0 RN LT
AT F UL 3 Schlemm & (B 4.7) , JEB 4T Schlemm & W Tt — i J5
MIRVIO g, #5] SEMmE AR (4.8 , YIFF/NEMER . KT
(R /DRI T RZE S 5 RdE , 23k s /K & A B AR HE 4 6. 16,290,

46 B—4%

EEAENRENE TESMEASIE 1-2mm F1O5

47 BZH

SEBIYIOHN Schlemm & FHHEFHE

48 =4

SEHHE—ARNEVIOZFE, FRMIREERFRTIFF N RM 200
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GATT i&H T POAG. JOAG. ZkKMHEIGIR. 224 ) LMFH IR, X112
PE ACG (AT HE, HAEeMER pHMmtEN) BOSUINEH, &8 NREEH
TG EHNEFAR. R, AICHEBIER RIS 12 4> H TR 2
FEEIEAOE, BERKTIRE B TR, AEBERIE. HIELKH
7 RCA e — DS . HORJE R ACRE A DLRT AR CEFAR S 1 JE 2 A5 AT W 5 1) B
B RIR T AT R e A L, A FEIR RIR . O — I PR R A
— U IR RE S N LR GBS I o 2R . AR K AT AR
R, YU RS (APUH CIRA G RIS AT GATT 7 RCE R, AN ZERE
A IR AR 51 R RIS 450 7 S B,

4.4 HESTFHIENRFAR

W TGNV AR (excimer laser trabeculotomy, ELT) &3 FHOGH;
AR MIGS R REPLES MBS T, RS THEOCE/NZ M A Schlemm
BAEERS Gl (FLARZ 200 ToK) (LI 4.9, 4100, FEE /KA 5]
TEB- 6100, ARG R TR 193nm #E 73 THOGH &R, S 0i<hir 21
CANAAE N B2 D o W ExTra WOG &4t K H 308nm &AL (XeCD #E4r T HOG
ITHRE RS R, SATHAE D THOE T DUB SO RE D4R, b AR, Hi kit
J& B IRTERRAG, 03 030 J 2 2451405 AU 1331,

4.9 FERABENE TRLEM NI
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ELT EZ5&EH T POAG. 4k RMEH IR, MR, 5 a0 EFREE SR
If . Georges M. Durrl¥1&5 | C.Deubel 34125 T 57 & IR F ELT R 5 AW
B T ARG F AT DA AR BRI s, K S0l 1 46K 22 2308 3 TR 1 7 381 PR IS HL AR,
g, HARFRZeM, RO EURERE DN ARG IR R IL (—N
DB HWRSCEEIRD « RS RAE SN ML A I R ARG S5 . B 7T R I
SRR P2 IR 245 B A 28 5 B B AL P e SR I

4.5 Hydrus 232

Ivantis [ Hydrus TS 482 —MELERE S EBEARE, 2K 8mm, WE
A& R Schlemm B fEHI 454 (B 4.11) o 44K & &R T H st tE, AT
XPHUE IE SRR, RN N SR A B R . R e ABEINE T, K E
A Schlemm & . 2L )G, F Schlemm & BHAAY KE BRIRER 4-5 7% CF
BIPIEZ) 150-200pum) B 61600 (RN 53028 K] 4,12, 4.13) , B E BRI 5 /K
FH77, PEACHR N % .

8 mm Length

Windows

|
| 290 pym
\, Diameter

S Inlet

4.11 Hydrus 3732454403

4.12, 4.13 Hydrus ZZREBENFKRES 3¢
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Hydrus 22 3 Z5& T POAG.PEX, Z I 7L #4% L A W B F RS TEC S
Norbert Pfeiffer301%£ . Thomas W. Samuelson331%% {1 7 & Bl #: 52 Hydrus 7 22 Bk
HHNEFANEBRREMAYEHA RS>, HREFREZME.
Cedric Weich?*45 A\ 1] iStent Inject 5 Hydrus HR & AR AR LLEed, KI5 iStent
Inject HAHL, Hydrus 2053 7 58 R BIAHOT IR R FAIC, 2540036 FH &0 3 35 ko>
Il PRI ST H Hydrus RILHALFH IR B FFARSCR, BB R EIHE IR 75K
W E P> o ARG IERAE T ER R D TRIE . BTSRRI IR BRI SOk
FERRAL, FINIFRIE TR I SEPET sPE R AR A 4 S50, (RS
T E IR T A 2, AT RE R ZE G Aty o HT R 1 iR S A FoA

4.6 IVINRYIBEAR

WIT NGB A (Kahook dual blade, KDB) iz i ({52 X 71 3 f VI J1 A (K
4.15) o RHLEFMEHBIT, (F7) R dia/NEM, J) 8 g5 tadh kit
NN . B ) A TR TR T N ) BRDS) (8] 4.14) . KDB HJ
DASEAI R 2 B /N R AL ZR, D) F1F82, 5k B 2H 2 BE /D0 (D) B JE RS LI 4.16),
AJG/INGEHLRA A AT T /NG, GERE T 4T (9 5 7K 51 R

21D () EEABRTARNERATRFIALZE (b) BIAB BN nhEEMER (o) Wik
SAaTFERLE“1” 4 (d) kg sETERE 27 &, A“1” E £ “27 (e) Lé&Fi k& A%k A Schlemm
FH ke R () ARTEGG T RERAR

4.14 KDB FARFFEE

210 13 32

=
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4.15 WIT] FE#ael 4.16 KDB ] FFER{sr38

KDB FZ3& T POAG (B OAG A — A « 4RRIEFH IR (i
PEX) . piARIED ARG ACG. MG TETEGIR . #E B R T LIRS, 55
WP ARBEA R . Larissa Fouad IbrahimP814%, Rashmi Krishnamurthy37145 A
ORI 5T &% I KDB HR 42 1l RCR 4, T AR A2 % %5 51 - Anna Barkander3?14% (] iStent
Inject 55 KDB J7 2 LL R 78 & 30 KDB AHLL iStent Inject Ji/b> 1 55 2 254 FH & .
AR JG I RAE F 28 BN RT AR (2 BATHERR, A R 75 6
Vo) IREIRIEE, I ACREA UL AR 0 S Wy . A K i . 2 PR 2%
BRERAAR M 29 55 o AER G /N XIS I B, T A R BUSCRIRGR , KT A AR
5E o

4.7 Supra X2

Glaukos ) Supra 3722 (& 4.17) & iStent R AL L= 0, R SR ok
B (PES) REVMSHEEE/E M. BKEN 42K, NN 165 K,
AMER 300 oK (EERERD M. HEARSGECE A el —IREENSE R4S,
ZEEIRAAR T SE B 5 3 N DK 2% 5 1 1 76 RS ZRMEN ST By -k 2% 5 i s 7K

SIIE A,

[%] 4.17 Supra 7 Z00]

Jonathan S. Myers*15¢iz F P/~ iStent S 2. —> Supra SCHEMFTFI R ZR IR
7 MEVE 1T R B 78 R % T 1 2 At S I 1R R A ], Sy MEVR R OGIR 5
AT MR RERIHTR YT I8 5 . 2022 1) — R ZRIA 152 B Supra SCHEIEAESE[E AT

11 32 ;|
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I RIS, 7E 2023 41— SCHR H1 32 21 Junemann. Katz 58 At H %% Supra 3¢
ZRBAT I AR S I R RS, {EZ SCk TRt T iStent Supra U # Glaukos i3+,
DRIt 2SR AR RS AEAR KR BT S A DR M A E .

Fikei JIE b Jl it S AR I TR A7 /E Cypass SCAEAAR (K 4.18. 4.19)
BRI AR T o AN B2 5 2R R, R ARCRER B s, T 2018 4F 8 H IR Hillm R
I, 8] 9 iZ0@ 42 1Y) Supra SCZR AN J5 B DUET R4, 75 22X Cypass SCZEHY
i sk 25 28001

4.18 Cypass 3210 4.19 Cypass X2 3;RIEREI0)

4.8 BERIEEHEAR

WELAR N BREIRIE G EEAR (endoscopic cyclophotocoagulation, ECP) , Z&7EN
BB ) B T JE O B ] 25 S B B A BRI AA R R R R AR R B
i, MED EK ARG IEBIFREIR R RIEA . S5 BEARM LR 5 25E &
MR, ARRMNED. KZiE$ES BN RER S A RERARI S 3T, A R
()22 2 AN ROPES . AR EHOG R RERAA b R 4ty 77 sUANE], Ao A& IR
RER A BEAR . S FLRDIR A GEER . 2 BRI S EBEARFIHR N B8 R FEIR
RICEEA .

ECP F Z& MAE N 2% PACG, 118 H T 25 sl0H T AR HE DA% ] (1) 2 RO
BHEVR PR OGHIR, AR AEMAEE. SeRYE. AMIPE KOR G Rk i IR S5 2R,
GIFENRERERECG HNET AR g, PRl FALFEEIEER
W FC K IAT ECP A S5 #2 B S K BABE V5 IR IR st i As e, eatem. ImIRIEIT
sl R SR G FRE . ZaetEm . REHRIECRETTFE RS BBk
LEMEML RS IR R BB DRI, RBEERES . BOtIER B IR ] feid
FERT R AA bRz 4, A& A T BT TG .

4.9 XEN SBT3
Aquesys 1] XEN s& K 6mm. 7M%E 150um. W4T 45um B SCHE, H
I S A AT A ) I e (RS JER B e YD 5 T A 1k (SE IR BE K 1551 85%)

o127 3t 32

=
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Mk, BASRKME AT 152 5RIFMALSHHAEMRN, FARNBKES M
GNREMN R, FBIER XEN AR TEER (& 420, 4.21) , JERRAKK
PEIELEAT 5K T XEN A 835 H PSRRI B N 28 (B 1<1.8mmD
VIR (GCERTE 6-8 JAINIE D N L) RUFSFRE 4,

k n.:

4.20 XEN £i 2 R IR R SEN L E S

1) (A) REBRTEH2EEE B) Ao (C) XENEHZ#ARAFEE LR IER (D)
PEAREY% 3mm A FHAEFNAKRERET (B) B RAETHNEZE SRS (F) FHEBsrEBNEFTE

B Jf: B4
4.21 XEN BJFRENILFZ]

XEN & H T 48 kK MEH LR . POAG. Hi& R MEH GRS, HiEH T2kt
HOLIRFARBEOCEIT R AR T F IR, TG BN BEETFAR . JE5E1H0, VrE
U BB SR IR FE IR ER 3 7 B E RS R, HAESD
T, FARBINER S, KZHEERNGREIEN . BARGNA RN &2 at,
A DME B RO AR k5 o R A AOE A4 SCHREE A7 AT AL VI 2R
I PEARAR R S5 I ks R S A . KT AORE LA S B AL S GRAT
JEREAD . N A0 PRI WA DGR ACRE . Bk B . BRI RS, B

%13 5 3k 32 1T
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R RO, (BRI R AR RREA R E ARV IRE, AR A 7 AL
BRI E H, JUHAER B R E R RR AR .

4.10 Micro Shunt 3|34

Innfocus [1J Micro Shunt & —Fr RSB 512, BKE 8.5mm, 4b
£ 350um, W12 70um (& 422 A— S RTIR A, K 4.23 NENRER
T, MEBELE-RTIE- N (SIBS) HIETT R, BEAEWIEN, TSk,
S Mg CEECRPRVA AR 481, SIS AREE A AEY) AN (D) RS
<2.2mm) , AEEEHET S-SR RG] AUETE .

4.22 E2FBFRAY Micro Shunt 5|5t 37 ZRM49]

423 AR TENIKZSH Micro Shunt 5|7t 32 2248

Micro Shunt & MAE N POAG. PEX 254k KM EIR, oI5 NERTFAR
PREREAT, ARJ5FEIR R RCR R 47 €1, Michele FigusPO1%5 [B] i 73 4t Micro Shunt 75
7 VR YR IR 3z BT 20h R IMEYE 1 DGR Micro Shunt K A S HAE
AR, B EE 9| NG T, K 2 808 B ik A 18 B DA #E . 1T Antonio Maria
Feals WS 58 s R DX T POAG. PEX SKRULA RUEAK THRIE, FEib> 7 xFBEIR
JEZIRI TR o RJGFERREA AT AR . BRES IS . 5N sk ik, 513
EALE SR IEIERRA CRIIFAOE, AIRERCm PR RO . HRIIA R
PE 2 E R B RMEA SOE ABEVT IR, MR J5 B8 R B, HON AR
PEFH GRS BT IR VG TT RUR A 2

14 0332 |
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B

f

Fz 5.1 & MIGS RXFTE R EEiENAEEEEEE

N EL AL MIGS AR 18] T EHE BIAE I PRST R £ B RAE 5 6k

SR, B AR E SR TR 2%, BESWTRS1. 52, 53,

BEIMEHES SRR Hrsw Xdd “OVOd RSN Junys o101\
b 46D LT ST SO A £
et #lFa¥s NAX
I ER M B DVOd L T R REE
D (RSes TG T T R
T A
) AT S OE I S 57 G A BV W S F 57 * DOV T Rk A
/ BT widng
BRI ECS I B IS T DOV LYy S T B i
T ,lv_mﬂm%\ WWATYIS-fxy| T\ da
C(XEd ) WIEFAH © GKRA- HH DVO [{%) DVOd ¥ bl T
BB “Xdd *DVOd T} Bt |, WWOYIS- ] 5[ SnIpAH
S T I OvOd P WS- 3 11
S (MBI B e ) DOV 3
TLEr |, WWI[YIS- i T LIVD
SCE % UACERNE DVOlL *DvVod W b3
S T TN OVO B TR WS- | i
BIMEHES © ORI WISTRIER WARTEF | oo
VA IO Y A 00V NN T OVOd Hl
TWAEET e 14 e SOIIN
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J A& A EEER

by

% 5.2 & MIGS RRIGKST

/ oY/ 8Ly P9/ ¥ 1t x x (16 1 JUNYS OIOIA
8 AL
/ £€6C/67CE 98/ 1ty ( m ) ,.“mrﬂv ¥'8L/S9Y [ei-sy orINAX
0'18/89%
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AR S x x </ T6 </ 559 Y B Y
DOV e Xk 5%
U R — B CHu ST DR R T2 eidng
Y o .
= 8¥€/69C €65/ LST
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3.2.iStent (E—4%)

% —fX iStent (Glaukos, Laguna Hills, CA) &—Fh L TEIFRIEEELE SN
W, T 2012 R E G mA MR EEH)R (FDA) #itifEs AN EF RIS
XA AR KL 1.0mm, 5 0.33mm, B SEFLIE N 120um( Ahmed et al.2020,
Francis & Winarko2012, Wellik & Dale2015) . FARE ARE AL T 50, @R AN
PO SRR N S INGE R o S ZRE N Schlemm B, T2 RS B4 5 /Kt N A& S it
Hi#IE (Craven et al.2012, Myers et al.2018) . £ iStent A [A] & 1-3 AN S A7
fi N (Ahmed et al.2014, Arriola-Villalobos et al.2012, Katz et al. 2015, Myers et
al.2018) .

ZHEAVIRBAAET AT 5 BNET ARG H TR EE IR EE, SCHUR %
1 3 B AR AN 25 ) 9 & ( Arriola-Villalobos et al.2012,2016; Craven et al.2012;
Malvankar-Mehta et al.2015) . TH A iStent 2L 8%, R T FRARRCR kB 3% .
—IPEAl 2 M iStent ST A BENL RIS Box, ARBCFHMEA 1.51 FegPe) g,
Fesz = A iStent TN, 92.1%1EAR G 12 D H 784245 259 (Katz et al.2015,2018).

B3 LI I RRE CLFE SCBRRE AT, LA ST | I R i 3 g 4 L 26 O A2 28 3-20% )

(Resende et al.2016;Spiegel et al.2008,2009) . BT RHAEHLKE MR, &

B U N KBRS . HFRER, A SV RS WS #Ux
RIE (Kim et al.2019) o IR SR, F 709 51 S O 0L i 477 <8 s L
BRBE, AIREIR THEAZRELSCSE A S (Tassel et al.2019) .
3.3. iStent Inject

%~ iStent, B} GTS-400 iStent Inject (Glaukos,Laguna Hills,CA) , {AFR%L
AN, MR . Tl AU R L S5 AN [F] T 28— 4K iStent.
G2-M-IS VERH & RG AT BN M EAND, FOVFARFE 8 B R YN BR RN I AR
%% (Ahmed et al.2020,Fea et al. 2014, Katz et al.2015) . Bahler &% (2012) fKkiH,
TN 5 — #% iStent inject J5, 55 /Kt 2 B A 0.16+0.05pL/min/mmHg 34 fif %8
0.38+0.23uL/min/mmHg, 5 —#i#—H T+ % 0.78+0.66uL/min/mmHg. Z¥& % T
2016 43K FDA itk

iStent Inject #H < I & IE 5 58 —AX iStent #H{LL( Arriola-Villalobos et al.2016,Fea
et al. 2014, Gonnermann et al.2017,Voskanyanetal.2014)

3.4. Hydrus

Hydrus #3722 (Ivantis,Inc,Irvine,CA) s& —#F 8§ mm KFIINEE/K G MEEE,
R A SRR AL S AR e . B HERER G e ek, B YE, TR
B JE K R . Hydrus S 4E7E Schlemm & W EZSCERER, HEEY k2
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HAR T FE LB B . NGB 90° il (— A% , HEBEZNER
o 2018 4, FDA fit#E 5 A A RTARBCE H R EU T A H IR &5
(Ahmed et al. 2020, Cent.Devices Radiol. Health2019, Samuelson et al. 2019a) »

IS 1.5 mm 37 B A ) ORIk BV SR 2% 9 NS, 255 MRS TR
AR NN . B\ R AE Schlemm B N AL B G, AlEER 88 EAOER
ERFCHEE AR . 1 mm N B AL T /N A HET 5 N (Ahmed et al. 2020 ,
Samuelson et al.2019a) .

ARHFFRAEFE W, O SZEBALANALE BT AR .. AR5 28—k 2 mm BB
JE MRS 55 AR MR8 &A% N 0.5-1.4% (Jones et al.2019,Samuelson et al.2019a)
ik 18.7% HI R BIAE N 1 B 5 120 i RG 3% BRI ISR 2, Forb 3.4% 04 56 4= PH 28
PERGIE . ity 75 60 S8 bt 3 AN H BRFEEERLIE R (Jones et al.2019)
35. BRRHBTHRNRIAR (GATT)

A BB N B NEYIIFAR (GATT) it iR ) ANERHEAT 360° /NEYITT,
FARMEH iTrack 5% (Ellex,Fremont,CA) 5¢/& (Grover et al.2014) B4
AEFRT 5-0 8% 6-0 KRG/ JE 452k (Aktas et al.2019b,Grover & Fellman2016) .
ARESHIE 12 NMh s AP0, B AR R 88451 N Schlemm & .
SO DGR AT A BB BRI AT . I B T Schlemm 42 5 A5
POV o5 — 3w 5 o RIS 2 55 SRR E (R AU T AN R e e i
A5 71, ARG YITF /N (Grover et al.2014,2017b) o /NI FE AT
BRI 90°, 180°8% 270° (Nazarali et al.2019) .

GATT O H TIRIT R R4 KT M A H LI, B3R T OLIR

(Boese & Shah 2019) , VUK JLEME/DEF NI (Grover et al.2015)

BT LK) R ACRE A S5 B — A T 5 AL, i 2 28 23-38%( Grover et al. 2014,
Rahmatnejad et al. 2017) . AN MAFHIE (Yalinbas et al.2018) . HARZE I
TRIERLAE G 3 s AR T REAR B S T L AICHR e e = U R (Aktas
et al.2019a,Baykara et al.2019, Grover et al. 2014,Rahmatnejad et al.2017) .

3.6. WIVNRYIEAR (KDB)

KDB (New World Medical,Rancho Cucamonga,CA) & —# it & 1 55 f VI I
J1, AT VIR 2 . HAR /NI AR W GATT M1 Trabectome ] B85 B /)N
/N, B RS BT 4L (Seibold et al 2013) . Hif |-, KDB KK I
NGER, KRR AL . A R um ] I/ NGEM, TTERFSHR N Schlemm 4,
HEBES AE N _EFERCFAT U, YIRS RS o AR ATk PRI £ 5id
Pty e, 75 3-5 M AVEH (Seibold etal.2013) . KDB T 2015 43k
FDA 7L/
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KDB CH T HAAMJLEF GHR (Khouri & Wong 2017) % i 5 4 15
iR (Miller et al.2019) « J5 FAAGE D E A G A AR EVEHR (Dorairaj & Tam 2019)
AR 7™ B AHE VA 1 75 G HR (Salinas et al. 2018a) o ‘& Al 5 HiAth MIGS ARzl iStent
Al GATT Bt& 1 (ElMallah et al. 2019,Widder & Schmitz2019) . 3 & JE 45
BB AR L 6% B IR 3R T AT . SR VEITIEE5¢ . BEPR A4 55 A0 4%
W 1 JG 38 71 2 Wi %2 (Dorairaj & Tam 2019,Dorairaj et al.2018a,EIMallah et al.
2019,Greenwood et al.2017) .
3.7 Cypass

Cypass il % 4% (Alcon,Fort Worth, TX) ¥ 6.35mm, #M% 510um, 4% 300um.
ZRB N E KA, DA = AN REEES® . AR, Fezidt N§TEHR
For BRSBTS, TE AT MU NERIRR > B o SR 5 1T 220 S 3R 40 A\ bk
ZENE T, AL E AR W AN [ E SN, BE S F 42 (Hoeh et
al.2013,2016;Reiss et al.2019;Vold et al.2016) . Cypass T 2016 3 FDA it

Cypass CH TR R MAAIE GHR (Reiss et al.2019,Vold et al.2016) , ¥
BERDI A JE B P A 5 R (Hopen et al.2018) , 4 A] 5 iStent fH N BEA- i
H (Chen & Kim2018) . FFARAEAFHIR KT milEid 30mmHg. AIRHR & 28 Al
S5 RN (5 P4 33 Ji (Hoeh et al. 2016, Reiss et al.2019,Sii et al.2019) . COMPASS
I LEA R BN, Cypass 2N BRI £ R0y 2.84%, XTI 0.36%. #
BN BRRTHET 2 DEEIS, NIRRT AR 5.8 %, 4R 0. 1.
2. IAEEFR BRG], FRKFSHN 1.39%. 2.74%. 6.02%F1 9.96% (Lass et
al. 2019, Reiss et al. 2019) . 3:Ftt, Cypass i Z2F 2018 4E 8 H H JEiE 17

(U.S.Food Drug Admin.2018) -
3.8. iStent Supra

iStent fik £ i I 1% 5% % R 4t (iStent Supra,Model G3) ( Glaukos,Laguna
Hills,CA) HIRBINAR G & EF AL, K 4mm, WAZ 165um, HATERE AT
I RS o

AL IRE Cypass S HAHML, A TR H—RVER N o XA CAE
R ST A T OB ER B35 5T (Junemann 2013, Myers & Katz 2013) , 5
iStent B & (Myers et al.2018) . 25 RHEH 2 A HIVRIRE, 1/ H NS
1 RIRRAEMKSEE W, Rig 3 ADNHEME. BAEFIEM LR ZEZ (Junemann
2013,Myers & Katz2013) .
3.9 Xen

Xen HERCEE (Allergan,Irvine,CA) & —F 6 mm K&, B LR
Joe JE AT AR B R i e, B A SR KM, B K AR LB LG B JE HI 4121 (Chatzara et
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al.2019,Green et al.2018) « IA =Fi N2 (45, 63 140 KD , HAETIL Xends
ETiTe Xen BERSCEET 2016 43K FDA it
B BN 2 S R IR @S ERIRGE NN 2R EER C, I

FETHRIA AR FVARSEAE o« DORHI BT 325 B AR IS U7) 0RE e SRS 4 5 NHT D 5
Hih s aEE ) DR R A ARG . AR SIS T, S A SR8 H Schlemm
EHITT, FILUUBRSE, EMAEZ 3 mm G F . R BUR R Ak
HABRE OO, XA 2mm AL T EE R, 3mm AEIUEFEIE N, Imm £E FT 55
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3.2. iStent (First Generation)

The first-generation iStent (Glaukos, Laguna Hills, CA) was an L-shaped heparin-coated tita-
nium implant. It was approved by the FDA in 2012 for use in combination with cataract surgery.
This single-piece stent measures approximately 1.0 mm in length and 0.33 mm in height. The
bore diameter of the snorkel is 120 wm (Ahmed et al. 2020, Francis & Winarko 2012, Wellik &
Dale 20135). This implant is inserted via an ab interno approach, usually into the nasal trabecular
meshwork, when the surgeon is seated temporally. The stent enters the Schlemm’s canal, forming
a bypass that gives aqueous humor access to the conventional outflow (Craven et al. 2012, Myers
et al. 2018). More than one iStent may be inserted 1-3 clock hours apart (Ahmed et al. 2014,
Arriola-Villalobos et al. 2012, Katz et al. 2015, Myers et al. 2018).

The advantage of this implant is that it can be combined with cataract surgery in mild to mod-
erate glaucoma eyes to achieve a modest reduction in IOP and a reduction in medication (Arriola-
Villalobos et al. 2012, 2016; Craven et al. 2012; Malvankar-Mehta et al. 2015). IOP reduction is
greater with increasing numbers of iStent implants. In a randomized trial investigating the efficacy
of multiple iStents, 92.1% of patients who were on an average of 1.51 medications preoperatively
became medication-free at 12 months postoperatively after receiving three iStent implants (Katz
etal. 2015, 2018).

The most common complications include malposition, and obstructon by iris, blood, or vit-
reous humor occurs in 3-20% of cases (Resende et al. 2016; Spiegel et al. 2008, 2009). The risks
of allergy, hypersensitivity, and toxicity are minimal, as the implant is made of surgical grade ti-
tanium. However, titanium implants in dentistry have caused hypersensitivity on rare occasions
(Kim et al. 2019). A recent report showed evidence of metallic intraocular particles resting on the
nasal iris, the source of which might have been the injector or the implant itself (Tassel et al. 2019).

3.3. iStent Inject

The second-generation iStent, the GTS-400 iStent inject (Glaukos, Laguna Hills, CA), is smaller
than the first-generation iStent. This device was proposed to have a shorter learning curve than its
predecessor. Absence of a snorkel makes the device structurally different from the first-generation
iStent. The G2-M-IS injector system has the capacity to house two implants, thus enabling the
surgeon to implant two devices with a single intraocular entry (Ahmed et al. 2020, Fea et al. 2014,
Katz et al. 2015). Bahler et al. (2012) reported that the first iStent inject implant increased the
outflow facility from 0.16 + 0.05 to 0.38 &+ 0.23 pL/min/mm Hg, and the second iStent inject
further increased the outflow facility to 0.78 £ 0.66 pL/min/mm Hg. FDA approval for this device
was obtained in 2016.

Complications associated with the iStent inject are similar to those associated with the first-
generation iStent (Arriola-Villalobos et al. 2016, Fea et al. 2014, Gonnermann et al. 2017,
Voskanyan et al. 2014).

3.4. Hydrus

The Hydrus (Ivantis, Inc, Irvine, CA) is an 8-mm-long curved aqueous drainage device. Structural
support is provided by alternating spines. It is made of nitinol, a nickel and titanium alloy, and
is superelastic, returning to its original shape after deformation. The Hydrus microstent acts as
a scaffold within the Schlemm’s canal, dilating the canal to approximately four to five times its
natural width. Once within the Schlemm’s canal, it spans 90° (one quadrant) and provides access
to multiple collector channels. It was approved by the FDA in 2018 for use in conjunction with
cataract surgery in adult patients with primary open-angle glaucoma (Ahmed et al. 2020, Cent.
Devices Radiol. Health 2019, Samuelson et al. 2019a).
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A preloaded injector is introduced into the anterior chamber through a 1.5-mm clear corneal
incision. The stent is introduced into the trabecular meshwork under gonioscopic guidance. After
the position of the distal tip within the Schlemm’s canal has been confirmed, the stent can be
advanced using the tracking wheel on the injector. A 1-mm inlet segment is situated external to
the trabecular meshwork, in the anterior chamber (Ahmed et al. 2020, Samuelson et al. 2019a).

Intraoperative complications are infrequent and include malposition and transient hyphema.
Layered hyphema of more than 2 mm on the first postoperative day has been reported in 0.5-1.4%
of cases (Jones et al. 2019, Samuelson et al. 2019a). Peripheral anterior synechiae or iris adhesions
form at the inlet segment in up to 18.7% of cases, and 3.4% of such adhesions are completely
obstructive. Persistent iritis requiring steroids for more than 3 months was reported in 0.5% of
cases (Jones et al. 2019).

3.5. Gonioscopy-Assisted Transluminal Trabeculotomy

Gonioscopy-assisted transluminal trabeculotomy (GATT) involves a 360° trabeculotomy using
an ab interno approach. An iTrack microcatheter (Ellex, Fremont, CA) is used to perform the
trabeculotomy (Grover et al. 2014). Alternatively, a suture, such as 5-0 or 6-0 Prolene or Nylon
with one tip blunted using heat cautery, may be used (Aktas etal. 2019b, Grover & Fellman 2016).
A 1-2-clock-hour goniotomy is created and the microcatheter or suture introduced using micro-
surgical forceps. The iTrack microcatheter may be visualized in lieu of its lighted tip as it courses
through the Schlemm’ canal. The microcatheter or suture emerges from the other end of the
goniotomy incision after it has coursed through the entire circumference of the Schlemm’s canal.
The leading tip is then brought to the center of the anterior chamber and held securely while
gentle traction is applied to the trailing end outside the incision, creating a constricting loop that
cuts through the trabecular meshwork (Grover et al. 2014, 2017b). Trabeculotomy may be limited
to 90°, 180°, or 270° (Nazarali et al. 2019).

GATT has been used in the treatment of primary and secondary open-angle glaucoma, includ-
ing steroid-induced glaucoma (Boese & Shah 2019). It has also been used in pediatric and juvenile
glaucoma (Grover et al. 2015).

The most common complication is hyphema in the first postoperative week, seen in 23-38%
of cases (Grover et al. 2014, Rahmatnejad et al. 2017). Intracapsular hematoma has also been
reported (Yalinbas et al. 2018). Other rare complications include Descemet’s membrane detach-
ment, corneal edema, iridodialysis, hypotony, and panscleritis (Aktas et al. 2019a, Baykara et al.
2019, Grover et al. 2014, Rahmatnejad et al. 2017).

3.6. Kahook Dual Blade

The KDB (New World Medical, Rancho Cucamonga, CA) is a modified goniotomy blade used
to excise a strip of trabecular meshwork. Other trabeculotomy procedures, such as GATT and
Trabectome, can leave residual trabecular meshwork leaflets, which can lead to fibrosis over time
(Seibold et al. 2013). Thus, KDB has a theoretical advantage over other trabeculotomy procedures
of better long-term outcomes. The sharp tip allows the blade to enter the trabecular meshwork.
The heel of the instrument fits into the Schlemm’s canal, and when the knife is advanced, it creates
parallel incisions in the trabecular meshwork, resulting in the removal of a strip of trabecular
meshwork tissue. The knife may be advanced in clockwise or counter-clockwise directions over
3-5 clock hours, depending on the surgeon’s preference (Seibold et al. 2013). KDB was registered
by the FDA in 2015.

KDB has been used in adult and childhood glaucoma (Khouri & Wong 2017), uveitic glaucoma
(Miller et al. 2019), angle-closure glaucoma following goniosynechialysis (Dorairaj & Tam 2019),
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and severe and refractory glaucoma (Salinas et al. 2018a). It may be combined with other MIGS
procedures, such as iStent and GATT (ElMallah et al. 2019, Widder & Schmitz 2019). Compli-
cations include hyphema, IOP spikes in 6% of cases, corneal edema, rebound iritis, cyclodialysis
cleft, and Descemet’s membrane tears in 4% of cases (Dorairaj & Tam 2019, Dorairaj etal. 2018a,
ElMallah et al. 2019, Greenwood et al. 2017).

3.7. Cypass

The Cypass microstent (Alcon, Fort Worth, TX) is 6.35 mm long, with an outer diameter of
510 pm and an inner diameter of 300 pwm. This polyimide tube has fenestrations along its entire
length and three protruding retention rings at the proximal end. The guidewire used to implant
this stent is introduced into the anterior chamber and is used to create a controlled small cyclo-
dialysis by gently dissecting the ciliary body from the scleral spur. The stent is then inserted into
the suprachoroidal space along the guidewire. At its final position, only one retention ring should
be visible externally. This is followed by withdrawal of the guidewire (Hoeh et al. 2013, 2016;
Reiss et al. 2019; Vold et al. 2016). Cypass was approved by the FDA in 2016.

Cypass has been used in primary open-angle glaucoma (Reiss et al. 2019, Vold et al. 2016)
and even chronic angle-closure glaucoma postvitrectomy (Hopen et al. 2018). It has been used in
conjunction with iStent implantation (Chen & Kim 2018). Complications include IOP elevations
above 30 mm Hg, hypotony, transient hyphema, and progression of cataracts (Hoeh et al. 2016,
Reiss et al. 2019, Sii et al. 2019). The five-year results of the COMPASS trial showed that the
annualized endothelial cell loss was 2.84% in the Cypass group and 0.36% in the control group.
Compared to the control group, the endothelial cell loss was 5.8 times higher in the group with
two or more retention rings visible. The annualized endothelial cell loss rates for stents with zero,
one, two, and three rings visible were 1.39%, 2.74%, 6.02%, and 9.96%, respectively (Lass et al.
2019, Reiss et al. 2019). Based on these results, the Cypass microstent was voluntarily withdrawn
from the market in August 2018 (U.S. Food Drug Admin. 2018).

3.8. iStent Supra

The iStent suprachoroidal bypass system (iStent Supra, Model G3) (Glaukos, Laguna Hills, CA)
is made up of polyethersulfone and a titanium sleeve. It is 4 mm in length and has an internal
diameter of 165 pm. It is currently undergoing clinical trials in the United States.

Insertion steps are similar to those of the Cypass microstent, using a preloaded disposable in-
jector. This implant has been studied in moderate and advanced open-angle glaucoma (Junemann
2013, Myers & Katz 2013). It has also been used in conjunction with iStent implants (Myers et al.
2018). Hypotony that resolved in 1 month was reported in 2 out of 25 eyes. One eye had a choroidal
effusion that resolved by the third postoperative month. Best corrected visual acuity did not show
any significant change (Junemann 2013, Myers & Katz 2013).

3.9. Xen

The Xen gel stent (Allergan, Irvine, CA) is a 6-mm-long tube made of collagen-derived gelatin
cross-linked with glutaraldehyde. It is hydrophilic and is hydrated on contact with water, becoming
flexible and conforming to the surrounding tissue (Chatzara et al. 2019, Green et al. 2018). Three
Xen models have been manufactured with varying lumen diameters: 45, 63, and 140 pm. Of these,
only the Xen45 is currently available. The Xen gel stent was approved by the FDA in 2016.

The most common site of implantation is the superonasal quadrant. Mitomycin C is usually in-
jected subconjunctivally in the superonasal quadrant and massaged over the planned site of stent
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exit. The injector with the stent is introduced into the anterior chamber from a diametrically
opposite inferotemporal clear corneal incision. A second instrument is used to provide counter-
traction at a side port. Under gonioscopic guidance, the injector needle is directed anterior to
the Schlemm’s canal, tunneled through the sclera, and brought out subconjunctivally at a marked
point 3 mm from the limbus. The stent is deployed and the needle withdrawn. Ideally, the stent is
placed such that 2 mm of the distal end are in the subconjunctival space, 3 mm are in the scleral
tunnel, and 1 mm is in the anterior chamber (Chatzara et al. 2019, Green et al. 2018). Variations
include an ab externo approach (Lee et al. 2019) and supra-Tenon air and viscoelastic injection for
a supra-Tenon Xen placement (Ahmed et al. 2019). The Xen gel stent is a bleb-forming device,
and its advantages over conventional trabeculectomy are its minimally invasive nature, shorter
surgical and recovery times, and decreased risk of hypotony. This stent has been used in open-
angle glaucoma (Schlenker etal. 2017), uveitic glaucoma (Sng et al. 2018), iridocorneal endothelial
syndrome (Lin et al. 2019), and pediatric glaucoma (Arad et al. 2019). Postoperative needling is
required in 43 % of cases, and the subconjunctival segment may be accidentally amputated during
needling (Bustros et al. 2020, Schlenker et al. 2017). High IOP on postoperative day one is the
most important predictor for needling (Midha et al. 2019).

Immediate complications include misplacement, bleeding, wound leak, hypotony, and failure
due to obstruction (Chatzara et al. 2019, Gillmann et al. 2019b, Green et al. 2018). Late complica-
tions include implant migration (Ali et al. 2019) resulting in dislocation into the anterior chamber
and stent—iris touch (Atalay et al. 2018, Chatzara et al. 2019, Dervenis et al. 2017, Gillmann et al.
2018), endothelial cell loss (Gillmann et al. 2019a), erosion or exposure (Arnould et al. 2019), bleb-
related complications (Salinas et al. 2018b), persistent hypotony (Sng et al. 2018), suprachoroidal
bleeding (Prokosch-Willing et al. 2017), endophthalmitis (Karri et al. 2018, Lapira et al. 2018),
and late wound leak (Olate-Pérez et al. 2018, Salinas et al. 2018b).

3.10. PreserFlo, Formerly Known as InnFocus

The PreserFlo microshunt (Santen Pharmaceutical Company, Ltd., Osaka, Japan) is a microtube
made of poly(styrene-block-isobutylene-block-styrene). The microshunt has undergone design
modifications, including MIDI-Tube and MIDI-Ray and the latest MIDI-Arrow or PreserFlo
microshunt. It is 8.5 mm long with a 70-pm lumen. A 1.1-mm-wide fin located 4.5 mm from
the anterior tip secures the implant at the desired location (Arrieta et al. 2011, Green et al. 2018,
Pinchuk et al. 2016).

The PreserFlo microshunt is implanted ab externo. Mitomycin C is applied using sponges or
via a subconjunctival injection prior to creation of a shallow 1-mm-wide scleral pocket with an
angled knife. The shunt is introduced into the anterior chamber through a 25G needle track.
Aqueous outflow is confirmed before the peritomy is closed. The microshunt has been used in
phakic and pseudophakic eyes (Green et al. 2018).

Complications include hypotony in 8-13% of cases and choroidal effusions in 3.4-8.7% of
cases, which usually resolve without any surgical intervention. Other rare complications include
hyphema, vitreous hemorrhage, encapsulated bleb, and early bleb leak (Batlle et al. 2016, Beckers
etal. 2017, Green et al. 2018, Pinchuk et al. 2016, Riss et al. 2015).

4. CRITICAL APPRAISAL OF MINIMALLY INVASIVE GLAUCOMA
SURGERY LITERATURE

4.1. Quality of Studies

More than one million scientific publications are produced worldwide every year (Fontelo &
Liu 2018). In the field of ophthalmology alone, there was a 51% increase in the number of
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