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Current updates in the treatment of keratoconus
Mee Kum Kim"*’

'Department of Ophthalmology, Seoul National University College of Medicine, Seoul, Korea
*Laboratory of Ocular Regenerative Medicine and Immunology, Biomedical Research Institute, Seoul National University Hospital, Seoul, Korea
*Department of Ophthalmology, Seoul National University Hospital, Seoul, Korea

Corneal collagen cross-linking is a primary treatment to slow or halt the progression of keratoconus. For visual rehabilitation, important treatments
include contact lenses fitting, intracorneal ring segment implantation, and corneal transplantation. Additionally, either phakic intraocular lenses or
corneal therapeutic keratectomy combined with corneal collagen cross-linking can assist in visual rehabilitation with limited indications. New meth-
ods for visual rehabilitation, such as stromal keratophakia, have been introduced. This review evaluates and compares the efficacy and safety of vari-

ous treatments for keratoconus based on the latest information.

Keywords: Keratoconus; Treatment; Corneal collagen cross-linking; Intracorneal ring segment; Contact lens
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Aol Zerlznct %84l e
Z715ta Qedlls], FRAHE vz} go] AgE T 9
o}, v gERIZA} A2 Aol §-83] walHorHio-12] 3]

T o]E 7} okl A|gtAo]7]o F7F A7t ]Sttt FHEl=
2801 7] Aol digt mekEAfo] HAlEQl=t, 20004 ofl A
20243 Afo] g Fub A2 Fafo] gt A 3271 Fof 4 Z3
7} 2090 o ZAE UL, Al e AR HEE 5O A% E

o] Fl9lor A= &% T A2 7)7to] 371 ol At 5
719 463

39hS BASIQTHI3L o WEHRAL XY AL Bee
U AR B 2D AKko] AYRE 21902 o] A1, o]
% 3l A7} Bg A 71700] 2 oW ot 4] 2}

T20] AlE]Ao] =A] Qr}13]. 15%0A = L5 Zul AgPo g A]

g Asi7p AL, A= G2 d AAY] B, e S,
fogglng S F ERUGCE HAsHRITHI3). rlyg A= 2R
ol ¢l

T A5 ARIEZRRI S7FE 5AIRE oWl A EQLE =
ATHil B =Rk JouH14], F7HoRE U5 Z
Z 2827} =59 3k A 7Htear break-up time), 29 AT A
vt A4 Aol S 1A7] wiEoll15,16], HEH WSt
}7] 2R AL S FHsly] 95 Fasith 22
alo] xjchE
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=2 .H~1
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ofyzt FHE
(artificial 1nte111gence AI)% |8 3}!“41_ A7 A= 3o
[17,18], € g IE "3 H|5ko] Rose K2
RGP (Memcon Ltd) HEY= 78'71,1'% o5 H & THF 35 v
of|Zo0] EA Al RglojA] 9538kS g

50 #EER ST =
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7P7RE mlEel =22 & 7hsAdel Atk

A= 7+ Ed= Ao olZA %

Edl= %}Z}—% "5& A Agg =S w= 24 11| A, 4l
A EdE & A FEHE 718 g Flsk= Aol &
a3},

e
Zarmxtzets

Zratnabdgtee g EE@(riboflavin) A% & Z2JAA (ultra-
violet A, UVA)E ZRA}ste] zhat 714 a4 Alolo] wxt A
FAtoan Zute 7144 ARE Z7HA7| 23 Zete] Y

S AAB}TA} Bl A&, T S/AS olvlo} Y= Zhal 213
o] 941 A90] 27] A= A2 xw QItH19,20]. Theke me
E2o] QoA ALET 9L olo] W FIhE bt et

A 41517 o A2 L A S £245% A

= "2 Z45k= 2o 7R sHAl E ATH19-28].

Z}E'H’LXPQ ded A352 APske A5 ZAHolr19,201. A
ol o= Aotttk =y, ol 2470 5 o 5 Sk
olo sidste HstE 7IE2 & HYote WS AT
[19.29,301. (1) 7F& 7HHE ZHet 58 370041 1.0 diopter (D) ©]
4ol 37t (2) @4 At (manifest cylinder)oll4 1.0 D ©]44<]
7h B 3) @4 249 A =S (spherical equivalent)

oA 0.5 D o132 S7He] Wat o™ A= 7] sigEt
[19]. UV 24} S o2 HE Ztet Wu| A HSE 9J5l, Dres-
den Z2EF ARG 7% F4 29 F77F 400 pm vIREe] 7124
Ql A& §A-gFolu, HT 350-400 ym®] G ZHao = 2EE

2Hel o] g 2AF S WAy sto] Agsky]E ob, o] A9 T
NE "z A4o] oF 10%e deFcH19,29]. o ZatgEo]
58 DE Z¥}5h= AlotA ATt $5 L5 ZollAl= a7t A
U A= A3 A=t ok EEA oH29).

I & A5 F 2wk (standard corneal collagen
cross-linking) Z2EZF2 122l Dresden EEEiO]E‘r
[19,20]. Dresden ZE2EZF2 A& 8-9 mm2] SAHF £
1]& A A(epithelial-off, epi-off)ote] ZE-EZe}qlo] 7| A= %‘—‘.E—?__l'
F AEE AAAT F 20% dextran 84 W2 0.1% HEZ TS
Zfdbol| 2-58 7FACR 30% St vHE FAsta, 1§ 3081t
UVA (370 nm, 3 mW/cm)E RAFSle] & UV RAlgo] 54 ]/
cm’7} HEE sH= ZREZO|TH]9,20]. UV RAF ok ZHE
2l 2-58 ZHA 0= ZFAAQl HAS ATH19]. °1F 20% dex-
tran -8 4l 1.1% hydroxypropyl methylcellulose 8- AH-&-
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e 578749 &0l ZrEZO ¢ FH st 2-8=H At
[20]. Dresden Z2EZ-2 1A|7to] A1, WIAZ BESE Y5
Zta} A 7F 24 400 pm °]/Felofof A-go] 7hs sttt @]
AOIA olF Heshr] s et ZREZC] o]F AAFH AT
[201.

Z5F A9 7H T2 EZ(accelerated corneal collagen
cross-linking)2 30, 18, 9 mW/cm’2] FE& 3, 5, 108 FAW}
o] & UV RAFSO| 3% Dresden ZEEZ SU5HA 5.4 J/em’
7t He Z2EFO|H. o] ZREES] F¢ F=ddolAE 4% 4
3} A= QR vERRA A= 9 347} Dresden Z2EZH

ottt B ArH20,31). 2AF oA Bert 255 Aka
&R7}F Fob Ziup 71 W) Akar) S4tE7) o2 9] 2353 anrt
"olz)7] flzof olE F&EI] Al 12 AL 12 4= &
7} L2 EZ(pulse accelerated corneal collagen cross-linking)
o] o]% JNAE AT, F RAFFE 5.4-10.0 J/em’7HA] S7HIA &
TS 7FBteFATH19,20]. 11 9] e TREEL HHEEIY 7}
%71 F5E S7HA7171 18 epi-off7t 7120l ARt )] 919
7 55% €9 4o FUAE AA glollepi-on) FEETH]
AA] WUV RASHE Z2EZE ZPEE{CH19,20]. Epi-on L2
EZ2 tetracaine, benzalkonium chloride, trometamol, eth-
ylenediaminetetraacetic acid 52| TRt & oA 4F4 B
Cp 7‘7]-§ Q2 3IT}20]. AL BET epl—on 7t ZREFE
2 AR AT 57NE HEREARE AT, & F o7 Wt A
SE°] & AET 1.2 D #E8AAL, & F Algo] & AR o
s EAEATE Havt oy dizto] EYSeiA At B
o] a7t Aobt A=Al gESHA Y25

et Z=E20) M 2d st RRd X
rEg Ul E4

Dresden ZE2EZS UYRH O 510 /& TR EE = HA 7}
& IREFO a9E Bt A
B 312} ghe(Table 1) [22,26,31]. 20179744 2= 1 67§ €E o]/
FATEE 27 11719 AFE =3t

REZH VM ZREZS B A UK, n AT} P 1
47 1A W W U B F E2ES 7 Aol AT,
o et 352 HEsA= A Dresden ZEEZO] 943131
o3, & T2 EF BRoi WiAxdes Zastet, 7

LREZA F4 Ax7t FosHA AAB1]. 1o AHtEA
20199 E7tH 0] & 7709 AFE 24T HEkEA o & ¥ 674
7FA] B]1L A], Dresden Z2EZHT} 7} T2 EZO|A WGA|H
o] FOIsHAl &8k, Bt ZH FEo] FosH o "SRt
HIsPY & & B & U9 S HalsHA °P°PEH22

sl
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Aol geko] Hep22].
01 7.2 J/em’? EA 71
15lo] Dresden T2 EZT}
—40}7ﬂ *l@lol 7HHQ-L Lzt

15 f-<J5H ~7}o}saEH26] Alg 14 o@e =
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Table 1. Literature review comparing the outcomes of diverse cross-linking methods for keratoconus based on meta-analyses

Study Pui)lleliled Trial no. is:dﬁli?;:(e)ii;ugf([t})\t,i) (Il;li) Statistically significant clinical outcome
Wen et al. [31] 2018 11 SCXL (5.4 mJ/cm?®) vs. >6  1.Kmax!: SCXL>ACXL
ACXL (5.4 mJ/cm’”) 2.CCT{/ECD | : SCXL>ACXL
3. Other parameters: no significant differences
Jiang et al. [22] 2019 7 SCXL vs. ACXL 3-24 1. Kmin, Kmax, SE, CCT: no significant differences at 6 mo
2. Kmean | : SCXL<ACXL at 6 mo
3. BCVA 1: SCXL<ACXL at 6 mo
Qureshi et al. [26] 2025 14 SCXL (5.4 mJ/cm®) vs. >12  Mean differences in Kmax, CDVA, UDVA, Kmean and CCT after
pACXL (7.2 mJ/cm’) 12 mo: no significant differences between SCXL and pACXL

UVA, ultraviolet A; FU, follow-up period of included studies; SCXL, standard corneal collagen cross-linking (Dresden protocol); ACXL, accelerated
corneal collagen cross-linking; Kmax, maximum keratometry value; CCT, central corneal thickness; ECD, endothelial cell density; Kmin, minimum
keratometry value; SE, spherical equivalent; Kmean, mean keratometry value; BCVA, best-corrected visual acuity; pACXL, pulse ACXL; CDVA, cor-

rected distance visual acuity; UDVA, uncorrected distance visual acuity.

https://doi.org/10.63375/icrs.25.010

35



Mee Kum Kim Current updates in the treatment of keratoconus

AFFo] 7.2 J/em®’Ql WA 7h: RRESS ARESto] Y5 Zhut o
Al 53k Ao, HEENIS (M08 HAolA] gL
retention ring2 °©]-83}0] P& 07 1087 ZHE AT} HEA]
A A&t & 39 o} A7|H o A I A Fof 2t FE0
2.13 D ®gs|HE FRIsHATHE2,33]. ol A ZH FEo]
0.42-1.75 D B3 Bus T2 714 T2 B F AL ERTOE
A7} 31 0.24-3.64 D HEHR-E 18 Dresden ZREE 7]
£ AT 2% AR JZETH33]

71 Qjo e 7k R EEXEO] aItE vl Wik HiEREAlo] QL=
871 9] F2+9] 2 A& (randomized controlled trial, RCT)°] g
H AFoNA, 30 mW/cm’Z 38, 18 mW/cm’Z 5%, 9 mW/cm’
2 108 A & 2ARFO] 5.4 J/em’Z 5Ye 7k TRE
FE FolAE 18 mW/em’ollA] 58 B3t ARG T2 EZO|A 3
o Zat ZE A4 FHARH-GA ] A4 7P A BRaE
CH23). 18 mW/cm’Z 58, 9 mW/cm’2 108 FARE 714 T2
EZ 7 7NE vugt 4 A7 23 WERRAolAE 9 mW/
cm’Z 102 ZARH 71 TREZO|A 18 mW/cm’R 58 FAR
oF f-oJ5tA Bt 74% T5o] Ut B sto] AhuE Axt
£ =&5IH21]. HE QWS AMESE epi-ont epi-off 'O &

I} Hla AT 212111, 13719] RCT7} 234 Aol 4] 2o zHat
FE0| k= F o 7 Zpol7E IekaL sl oy Aol A FolA]
L ot AFereieh27,28]. HZ 27719 AF-E EF5H0] epi-on
I} epi-off *§H 2] ¥lal HlERZA o] AIRYE|Ql=H], 193t 43

Al 1 AT Hdf 2 350 WSk &+ 2F kel 7t glgla,
LIRFAIE 2 epi-off w°] epi-on wE T F-2J5HA] £QkTH24]. HE}
Ao 2ekE F 277 AT 5 207 AolAle HB2go] By
A ¥R, 770 AT T B —.J* & 7|1&st%=H, epi-
off %‘i TR = :L+01]A1 epi-on & ZEt W AAetE T1FO

neal haze)o] 7P 31, =& 2280
7:1./}_ u_] a]erlﬂ/\ 71.111.@]

H A, A
0] 5% N = BIEcH24]. 2ot 5

< epi-off 7 8.8%-74%, epi-on - 2%-18%°14] &=
EH24].

%J2J5hH, Dresden ZZEZ0| & T2EZ0|7|E= sl 22
Aol oot F 2AREE ST A 7S ZREES JHx
Dresden Z2EZ0]| T3t} Epi-off/epi-ond] &I} H]uof of
M= F7F A7 BT o H]lr:, obA] TR EEO| tfA
o] TAPILL AUFol= okl A uAdgEe A 4o 7]
2 Azz A2 Ao, av SHE sl AvuAdde &
o Mgoz o A=t este] 282 MAE PgstaL At
[1,19,34].

36

|€RS

7+t 4F9<(intracorneal ring segment implantation)< 7 %]
A S5=2 95 Z4de] Za FHE AP ek A S5 U
SHA stEA AlgS MAsH] SRt e r EE|HErad ol
E(polymethacrylate)® TH501X st = & 712] AE L Al
THEES Zhef 7180] Alsh, 4 791 FA7F 24 450 pm ©]
4 B 73t ol 22 Intacs (Addition Tech-
nology, Inc.), Intacs SK (Addition Technology, Inc.), Keraring
(Mediphacos Ltd.), Ferrara (Ferrara Ophthalmics), MyoRing
(Dioptex GmbH) 5-2] thst AteFe] o] 9lo] 1 a3t gl
of upg} Zpo]7k AH35]. H7]H o2 tiFRY] KA Fa
L HI5YLT), 125 B= 1 o|Ae] A Alg JAlo] 34%-
92%°01 4 WEEHAY Pt 22 FE M5 2.2-6.4 DS HE |
R SHATHB5). ¥Hd, 7] Fasdel tieh Hils @A g2
(351, <= MyoRingS A4 2979 A5 Zha} hxjoj| A A=zt
TFHAZGZA7F B 7AE 108 Z7] AFE7F 271= ATH36].
J8ANE & 9 5@ Hth= & F 1090 i B FAaEm w7
AAY AP & A 0.50 logMAROIA 510 F 0.18 logMAR,
1049 #o= 0.25 logMAR=, = iA1= & 3 -9.38 D
oA 59 # -2.70 D, 104 $ol= -3.29 D= 33131, 54 A
H "y Zefo] 1049 Foll= FEC] B S7HE A7) v
ano] e AAEIE36]. FWHlAE Intacs ring= ©1&
i Adee] 59 A7] 23E RS, ZHhe] Hgs)
<= 57 & fA Es vhE A S A wRbA 3 =
SA= 34 o] F thA] e o] B AAFSHATHBT). BHE A
Ho] 7hs S s Atuabdtedt MY Awrt ol A+E
ATH35]. AAHE Intacs ZHoH A A&} 2tk deteS
A7} 2429 T g HTE 1W AF AlEY A9 E0] HE
Hol FofsHl o 5 &It Bi7t AtH38]. 593t F71E
MyoRing 219} A& T3t et 4 o et u A pE e
St Blao A kol A Al R ] El:r 2
Al A= AeH39). ETF 8471 O%?E sgste] 7
ot u e Rt 49 49Y Ade g5 vladt b
E]rt'*qoﬂ’ﬂi UWHA] A = 7 7 727t QIAAITE B etoll A
AAEo] FoJotA Sk HAlsATHA0]. %@*94 -’E/ﬂoﬂ wt
a2 v Her AN 7 e A1 b
= A& AlFshs AT At 45k ‘ﬂr41 g A
91?t tunnel A2 o] whE A3 2po] 9] HEHEA Q1tof A
femtosecond laser® +& =75 °|83% 71414 € F & 79
2 Aole UL, AES2 71AA oM #oktH42]. T

narshz

olo

il |=4

HJP

o

\l
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% 5zt Alle FHEe Zutmabdgiet vlwstel A
Aoz 47 §Z Aol 7Pssithaz]. Ztute Fulo) /)14 &
ghe v wd Tk SAet(Fig 1), 1 9 SR HEo R 7y,
AgE, Zhak g, Zhuty ofg, Ztate @ B kFo] BiE
o]

Qirh1 42). TEA O 9% Zuto] WY AAS B Foks
o= grelA IcHi). Wb Al2io] 0.9 ol4e] Bl 252
A8 Ak 7HsAo] Slo] Zere AlQlee AREA) eherHusl, 2
e S T e e e
AYEE AWY 9 55 o] 9% ZupolA] A2 1
Slat g A2 ATEE o] A 24l

»

9= &7

=B Wl 4

o

AT 93 7to] A7 2 A W52 (refractive surgery)S &
a7l wol HPLOUH1,34,44], 74 A 2o ofFIL F7]H
= 7o) 71AH I Aol #84 9 £ 7HsAdel VI
2oll, A 3 @ReIM = 28 nred] d=5 A=rt JEZ_I
A2 vHHAE et 28U Auadde] A ik
I7F A4 7] hlzeol Ao fF A Sl A 2 S
sl AlEg A B sk ko] Qlth1,34,44,45]. A
o] A ZeE A& (phototherapeutic keratectomy) = ZE 1L
7 ol AZr2d A& (photorefractive keratectomy), F-<=7g A4
@l =(phakic intraocular lens)7} 2 A= ATH1,34,44,45].
oA EAI &S stage 1, 29] = A5 7t gEApof| A it
50 ym °H= ZEPEA| S AlYSh= Zlo] ARbH ofuH45]. X 871
9] v 29| A+ (non-randomized study)”} ZFHE HEHEA o] 4]

| r& £ Io (ol

o

"*L

|€RS

2Hu% FolAAeEAl e et abadte Witkdte] etk
AYs DELE XY RP 5Ty oottt Baetgar, Zhut
G5 AP FAEE 6-44704 oUioll 6.7%-8.1%=2 HILEH 3
< = 2 227 Zol= kAL sHelrt4el. 13719] A7t &
oHE o2 v EYoNE Zuuatddtes gEEn 280
glo|MzratdAl et ZatwAbAtke Hekto] AlE 9 =T

o
N
=]
ox
I
g
N
=

o xzirky BTEl T, ZhakelE Ao W
FATE 2171€(12-487019) Woll 7 o HFoA HaE ] ekgict
[47]. 218y A7) FATE A7 Qlol A2 des MY Al 4
Tebgs ol Hist 7t Oq‘_r"7} Zas] Helrt.
AR =] e A
B 7hs sty whebA Z T-Eh_z}ﬁ@-g A & 3—127H é?l Ry
, 45 “’1'4 Zgo] HEA o S 1 B= Y F
MA=E AFARE A7) wol BALEAT34]. €5 ZHHolA
ﬁ—%ﬂ]dﬂ‘%’ix e i e e e = 71%"] AATE AT
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Trabecular microbypass using iStent combined with cataract
surgery

Yeoun Sook Chun

Department of Ophthalmology, Chung-Ang University Hospital, Chung-Ang University College of Medicine, Seoul, Korea

Minimally invasive glaucoma surgery has revolutionized conventional glaucoma treatment due to its simple procedures, rapid recovery, and few
complications. iStent, a trabecular microbypass that can be implanted via combined cataract surgery, has the advantage of lowering intraocular pres-
sure (IOP) independent of bleb formation. Furthermore, it is straightforward to implement and does not involve a substantial burden. iStent has a
synergetic effect with phacoemulsification. Combining iStent with phacoemulsification yielded a greater reduction of IOP and glaucoma eyedrops,
as well as higher rates of visual field change, than when either modality was used in isolation. iStent has emerged as a new treatment option for pa-
tients with mild to moderate glaucoma. This review aims to improve readers’ understanding of iStent by summarizing the surgical techniques need-

ed to correctly insert it for optimal outcomes and discussing problem-solving in the context of patient care.
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Fig. 1. Development of iStent models. First-generation iStent, second-generation iStent inject and iStent inject W (reprinted with permission from

Glaukos Corp.).
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Fig. 3. (A) Aqueous angiography. (B) Distribution of visible aqueous veins. Two to three aqueous veins are typically visible in an eye, although there
may be a maximum of four to six. The distribution is highly asymmetric, with the majority of visible aqueous veins being at or below the horizontal
midline, and the greatest number being present in the nasal quadrant. Derived from the data of Xie et al. (2019) [24] and from the figure from

Johnstone et al. (2011) [25].
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so that it is tilted 35°, and the eyepiece is raised accordingly. (B) During cataract surgery, the operator’s hand might be under the incision to prevent
the incision lift. (C) In contrast, the operator’s hand should be above the incision to prevent incision compression during the iStent injection.
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Fig. 5. (A) Underimplanted iStent inject. (B) Grieshaber Advanced DSP tip ILM forceps for removing the underimplanted iStent inject. (C) Pulling
out the iStent inject with the ILM forceps. (D) Reinsertion of the iStent inject into the trocar of the injector. (E) Misimplanted iStent inject at the
scleral spur (arrow). (F) Hyphema at postoperative 1 day after insertion of the iStent inject.
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Efficacy of extended depth of focus, enhanced monofocal, and
monofocal intraocular lenses in patients with retinal disease
Eun Chul Kim

Department of Ophthalmology, Bucheon St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Bucheon, Korea

Purpose: The aim of this study was to compare the visual quality of extended depth of focus (EDOF), enhanced monofocal, and monofocal intraoc-
ular lenses (IOLs) in patients with retinal disease.

Methods: In total, 103 eyes from 93 patients (group 1: enhanced monofocal ICB00, n=36; group 2: EDOF ZXR00, n=36; group 3: monofocal
ZCB00, n=31) were retrospectively enrolled. Uncorrected and corrected near visual acuity (UNVA, CNVA), intermediate visual acuity (UIVA,
CIVA), and distance visual acuity (UDVA, CDVA), manifest refraction spherical equivalent (MRSE), and satisfaction scores were assessed before
and after surgery.

Results: The postoperative UDVA, CDVA, and MRSE of the three groups were better than the preoperative data, respectively (P<0.05). The UIVA
of group 1 (0.13+0.12 logMAR) and 2 (0.10+0.11) was significantly better than that of groups 3 (0.25+0.15) (P<0.05). The UNVA of group 2
(0.18+0.12) was significantly better than that of groups 1 (0.32+0.20) and 3 (0.45+0.26; P<0.05). The UDVA of patients with macular edema and
macular holes was insignificantly lower than that of epiretinal membranes and high myopia. The overall satisfaction of group 1 (1.58+0.81) and 2
(1.46%0.75) was significantly better than that of groups 3 (1.83+0.97; P<0.05).

Conclusion: EDOF and enhanced monofocal IOLs were associated with better intermediate and near vision than monofocal IOLs in patients with
retinal disease. However, monofocal IOLs are recommended in patients with macular edema and macular holes, unlike patients with epiretinal

membranes and high myopia.

Keywords: Enhanced monofocal; Extended depth of focus; Monofocal intraocular lenses; Intermediate vision; Retinal disease
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Table 1. Preoperative data of patients
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+0.15) 50k Fo3HA| S-S RAEHP €0.05) (Fig. 2). Wt A2
A1EE 2740.18 £ 0.12 logMAR)®] 1740.32 + 0.20)7+ 374(0.45
+0.26) 20} §-9J51A] $4=5FATHP < 0.05) (Table 2, Fig. 3).
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EATHP ) 0.05). S-S 7H4] b= 17 59H13.9%), 27 4%t
(11.1%), 37 42H12.9%)°11 3, IHIAT-L 1 39K8.3%), 2 4
QH(11.1%), 3% 3%H9.7%)°1 ATt A 178 209K(55.6%), 2
T 17%047.2%), 37+ 1894(58.1%)°0]1 1L, A ETAIE 12 8<%t
(22.2%), 23 119K30.6%), 37+ 63H19.4%)°1 A THFig. 5).

Al =zl A AlE wEkolle {FouRt Aozt Ll

Parameter Group 1” Group 2 Group 3

Age (yr) 64.2+8.4 (45-75) 61.4+9.1 (36-76) 61.4+9.1 (47-82)

MRSE (D) -1.72£2.91 (-2.15 to +1.25) -0.70 £2.64 (-2.38 to +0.75) 0.75+2.24 (-1.30 to +1.50)
UDVA (logMAR) 0.53+0.33 (0.15 t0 0.81) 0.38+0.41 (0.00 to 1.00) 0.41+0.36 (0.05 to 1.00)
CDVA (logMAR) 0.31£0.27 (0.1 t0 0.6) 0.25+0.23 (0.15t0 0.7) 0.30£0.25 (0.1 t0 0.6)

Eye 36 36 31

Values are presented as mean + standard deviation (range). There was no statistically significant difference between the three groups (P> 0.05).
MRSE, manifest refraction spherical equivalent; D, diopter; UDVA, uncorrected distance visual acuity; CDVA, corrected distance visual acuity; log-

MAR, logarithm of the minimum angle of resolution.

“)Group 1, enhanced monofocal ICB00; Group 2, extended depth of focus ZXR00; Group 3, monofocal ZCB00.
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Fig. 1. Postoperative uncorrected distance visual acuity (UDVA) in patients with retinal disease who were treated using the three intraocular lenses.
The postoperative UDVA values in the three groups were better than the preoperative values, respectively (P<0.05). However, there was no statistically
significant difference in postoperative UDVA among the three groups. Group 1: enhanced monofocal ICB00, n=36; Group 2: extended depth of focus

ZXR00, n=36; Group 3: monofocal ZCB00, n=31.
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Fig. 2. Postoperative uncorrected intermediate visual acuity (UIVA) in patients with retinal disease who were treated using the three intraocular
lenses. The postoperative UIVA in groups 1 and 2 was better than that in group 3 (P<0.05). Group 1: enhanced monofocal ICB00, n=36; Group 2:
extended depth of focus ZXR00, n=36; Group 3: monofocal ZCB00, n=31. *P<0.05.
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Table 2. Postoperative outcomes at 2 months after surgery

|€RS

Parameter Group 1” Group 2 Group 3

UDVA (logMAR) 0.15+0.13 (0 t0 0.3) 0.12+0.14 (0 t0 0.3) 0.16+0.14 (0 to 0.3)
CDVA (logMAR) 0.03+0.02 (0 to 0.15) 0.04+0.03 (0 to 0.09) 0.04+0.02 (0 to 0.09)
UIVA (logMAR) 0.13+0.12 (0 to 0.3)* 0.10+0.11 (0 to 0.3)* 0.25+0.15 (0 to 0.4)
UNVA (logMAR) 0.32+0.20 (0.1 to 0.52) 0.18+0.12 (0 to 0.40)* 0.45+0.26 (0.30 to 0.70)*
MRSE (D) ~0.28+0.24 (~1.00 to 1.50) ~0.32+0.29 (-1.25 to 1.25) 20.35+0.26 (~1.25 to 1.25)
Eye 36 36 31

Values are presented as mean + standard deviation (range). The UNVA was significantly better in group 2 than in groups 1 and 3.

UDVA, uncorrected distance visual acuity; CDVA, corrected distance visual acuity; UIVA, uncorrected intermediate visual acuity; UNVA, uncorrected
near visual acuity; logMAR, logarithm of the minimum angle of resolution; MRSE, manifest refraction spherical equivalent; D, diopter.

“Group 1, enhanced monofocal ICB00; Group 2, extended depth of focus ZXR00; Group 3, monofocal ZCB0O.

*P<0.05.
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Fig. 3. Postoperative uncorrected near visual acuity (UNVA) in patients with retinal disease who were treated using the three intraocular lenses. The
postoperative UNVA in group 2 was better than that in groups 1 and 3 (P<0.05). Group 1: enhanced monofocal ICB00, n=36; Group 2: extended

depth of focus ZXR00, n=36; Group 3: monofocal ZCB00, n=31.
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Fig. 4. Mean defocus curves of the three intraocular lens groups. Groups 1 and 2 exhibited significantly better defocus results at defocus ranges of
-1.5 and -2 D (corresponding to 67-50 cm) than group 3 (P<0.05). Group 2 showed significantly better defocus results at a defocus range of -3 D
(corresponding to 33 cm) than groups 1 and 3 (P<0.05). Group 1: enhanced monofocal ICB00, n=36; Group 2: extended depth of focus ZXR00, n=36;

Group 3: monofocal ZCB00, n=31. *P<0.05.
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Fig. 5. Postoperative uncorrected distance visual acuity (UDVA) of the three intraocular lens groups according to the diagnosed retinal disease. The
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myopia. POD, postoperative day. Group 1: enhanced monofocal ICB00,
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Table 3. Subjective satisfaction scores

|€RS

Parameter Group 1” Group 2 Group 3
Opverall satisfaction 1.58+0.81* 1.46+0.75* 1.83+0.97
Far vision satisfaction 1.43+0.79 1.53+£1.02 1.38+0.75
Near vision satisfaction 1.84+1.11 1.59+1.03* 2.36+1.58
Glare, halo 1.59+1.07* 221+1.16 1.51+1.06*
Eye 36 36 31

Values are presented as mean + standard deviation. Low score means high satisfaction. The overall vision satisfaction was significantly higher in groups
1 and 2 than in group 3 (P <0.05). The near vision satisfaction was significantly higher in groups 1 and 2 than in group 3 (P <0.05). The glare and halo
scores in group 1 and 3 were significantly lower than those in groups 2 (P <0.05).

“Group 1, enhanced monofocal ICB00; Group 2, extended depth of focus ZXR00; Group 3, monofocal ZCB0O.

*P<0.05.
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Diffuse lamellar keratitis after small incision lenticule extraction:
presumably related to meibomian gland dysfunction

Sang Beom Han

Saevit Eye Hospital, Goyang, Korea

Purpose: This report presents a case of diffuse lamellar keratitis (DLK) after femtosecond laser-assisted small incision lenticule extraction (SMILE).

The case was presumably associated with meibomian gland dysfunction (MGD).

Case summary: A 25-year-old male patient underwent SMILE surgery. Preoperative examination revealed MGD in both eyes. Despite vigorous

cleaning of the eyelid margin and irrigation of the ocular surface, meibomian gland secretion floating on the ocular surface was observed after the

lenticule extraction in the right eye. At 2 days postoperatively, stage I DLK was detected. After aggressive topical steroid treatment, the DLK com-

pletely resolved without any sequalae.

Conclusion: DLK can occur in association with MGD. Attention should be paid when performing SMILE in eyes with MGD.

Keywords: Diffuse lamellar keratitis; Femtosecond laser; Meibomian gland dysfunction; Small incision lenticule extraction

Introduction

Diffuse lamellar keratitis (DLK) is an early complication of
lamellar refractive surgery including laser in situ keratomileu-
sis [1,2]. It is characterized by accumulation of non-infectious
infiltrates in the corneal lamellar interface [2,3]. The disease
can cause symptoms, such as, ocular discomfort, pain, foreign
body sensation, photophobia, and visual disturbance [4], al-
though it is not infrequently asymptomatic, particularly in
mild cases. Although its pathophysiology is not fully elucidat-
ed yet, risk factors including corneal epithelial defect, bacterial
endotoxins, surgical debris, chemicals, bleeding, and meibo-
mian gland secretion have been suggested [2,4-10].

DLK can occur in association with any surgery in which cor-
neal lamellar interface is created [9,11], and DLK occurring as
a complication of small incision lenticule extraction (SMILE)
has been reported with a prevalence of 0.45% to 2.17% [11-13].

The author recently experienced a case of DLK after SMILE
that is presumably associated with meibomian gland dysfunc-
tion (MGD), thus herein report this case. The patient’s consent
form for publication was obtained.

Case Report

A 25-year-old Asian male patient visited our hospital for cor-
rection of myopic astigmatism. Past medical history was unre-
markable. Best corrected visual acuity (BCVA) was 20/20 in
both eyes, and manifest refraction was -5.50=-0.75 at 10° for
the right eye and -5.75=-1.00 at 160° for the left eye. Intraocu-
lar pressure was 14 mmHg in both eyes by pneumatic appla-
nation tonometry. Central corneal thickness measured using
ultrasonic pachymetry (Pacscan 300A; Sonomed Inc.) was 575
pm in the right eye and 565 um in the left eye.

At the day of the surgery, preoperative anterior segment ex-
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amination revealed plugging of meibomian gland orifices.
Thus, thorough cleaning of eyelid margin and vigorous irriga-
tion of ocular surface was done to remove the meibomian
gland secretions.

The SMILE surgery was done using a femtosecond laser sys-
tem (VisuMax; Carl Zeiss Meditec AG) under topical anesthe-
sia with 0.5% proparacaine hydrochloride (Hanmi Pharma-
ceutical). The cap diameter was 7.5 mm, with a thickness of
130 pm, and the optical zone was 6.5 mm in both eyes. A 3 mm
incision was made at 11 o'clock in both eyes. After the un-
eventful lenticule extraction in the right eye, meibomian gland
secretion floating on the ocular surface was found (Fig. 1A).
Therefore, vigorous irrigation of the corneal interface and ocu-
lar surface was done to prevent contamination with the mei-
bomian gland secretion. Meibomian gland secretion on the
upper eyelid was also observed in the left eye during the lenti-
cule separation (Fig. 1B). Because there was a small epithelial
defect around the corneal incision in the left eye, bandage
contact lens was applied on the left cornea after irrigation of
the interface and ocular surface. Postoperative medication
consisted of levofloxacin 1.5% (Santen) and fluorometholone
0.1% (Samil Pharmaceutical) four times daily, respectively.

At postoperative 2 days, his BCVA was 20/22 in both eyes
and intraocular pressure by applanation tonometry was 11

|€RS

mmHg in the right eye and 12 mmHg in the left eye. He did not
report any symptoms. However, slit lamp examination showed
stage I DLK with multiple granular infiltrates in the interface in
the right eye (Fig. 2). No infiltrate was observed in the left eye.
The dose of fluorometholone 0.1% was increased to eight
times daily in the right eye. Three days later, significant im-
provement of the DLK was found (Fig. 3). One week later, his
BCVA was 20/20 in both eyes and the DLK resolved completely
without any sequelae. Topical steroid was tapered and stopped
two weeks later.

Discussion

To the best of our knowledge, this is the first case report of DLK
after SMILE that is presumably associated with MGD. Any oth-
er patients who received SMILE procedure in the same batch
did not develop MGD, which suggests that the possible other
causes, such as, contamination of a sterilizer or instruments
with endotoxins, toxicity from chemicals, surgical debris, and
talc from gloves can be ruled out [6]. Despite the preoperative
cleaning of eyelid and irrigation, the meibomian gland secre-
tion could not be completely removed from the ocular surface,
and the remaining meibomian gland secretion might intensify
the postoperative recruitment of inflammatory cells and re-

Fig. 1. Still images of the intraoperative videos. (A) Meibomian gland secretion (arrows) floating on the ocular surface was detected after the
lenticule extraction in the right eye. (B) Meibomian gland secretion (arrows) on the upper eyelid was visible in the left eye during lenticule
separation.
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Fig. 2. Anterior segment photographs at the second day after surgery. (A, B) Stage I diffuse lamellar keratitis with multiple granular infiltrates

(arrows) was observed at the interface in the right eye.

Fig. 3. Anterior segment photographs at the fifth day after surgery. (A, B) Improvement in diffuse lamellar keratitis can be observed at the
corneal interface.

lease of inflammatory cytokines and chemokines, which might
result in development of MGD [5,6,14]. In addition, MGD
could be aggravated after SMILE, which could also lead to in-
troduction of inflammatory mediators into the corneal inter-
face [10,14]. Because the corneal incision was made at 11
o’clock, the inciting agent from the inflamed meibomian
glands could directly break into the corneal incision and cause
DLK [10]. Although MGD was present in both eyes, DLK devel-

https://doi.org/10.63375/icrs.25.008

oped only in the right eye. It is possibly because the left cornea
was covered with bandage contact lens due to the postopera-
tive epithelial defect, which prevented influx of inflammatory
material into the corneal incision.

In the present case, DLK responded rapidly to the intensive
topical steroid treatment and completely resolved in one week,
as reported in previous studies [2,4,10]. It is possibly because
the DLK was detected in earlier stage. Studies suggested that
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aggressive treatment of corneal inflammatory response is
mandatory to prevent sequelae, such as, corneal melting, and
prompt diagnosis and treatment can result in resolution of
DLK without sequelae [2,3,9,15].

In conclusion, attention should be paid to the increased risk
of DLK when performing SMILE procedures in eyes with
MGD. Preoperative treatment of MGD using warm compres-
sion, lid hygiene, and medications, such as, topical antibiotics
and steroids can be helpful for the prevention of DLK. Prompt
diagnosis and aggressive topical steroid treatment is necessary
for good anatomical and visual outcome.
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