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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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Table 1. Literature review comparing the outcomes of diverse cross-linking methods for keratoconus based on meta-analyses

Study Pul;)lleliled Trial no. is:dTi?;EZEi;ugf({;)\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.
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FE9| Hok= F o 7 Zpol7h IekaL sl out Aol A FolA]
£ ot AFereeh27,28]. HZ 27719 AF-E EF5H0] epi-on
I} epi-off *H 2] ¥lal HlERZA o] AIRYE|Ql=H], 193 S

Al 1 AT Hf 2t 350 Wske & o 2F kel 7t gl
LIRFAI 2 epi-off w°] epi-on wE T F-2J5HA] £QktH24]. HE}
Ao 2ekE F 277] AT 5 207 AolAlEs HB2go] By
A AL, 770 AT T B —.J* & 7|&5t%=H, epi-
off %‘i TR = :L+01]A1 epi-on & ZEt W AARtE T1F

neal haze)o] 7P 331, =& 2280
7:1./}_ u_] a]erlﬂ/\ 71.111.@]

H A, A
0] 5% oW B = cH24]. 2ot 5

2 epi-off 72 8.8%-74%, epi-on - 2%-18%°14] &=
EH24].

)5, Dresden ZZEZ0| & T2EZ0|7]|E= s}, 2
Aol oot F 2ARES ST A 7S ZREES JAHx
Dresden Z2EZ0]| I3t} Epi-off/epi-ond] &I} H]uof of
M= F7F A7 BT o= H]lr:, obA] TR EEO| thfA
o] TAPILL AFol= okl At uAdgEe A 4o 7]
2 Azz A2 Ao, av SHE sl AvuAdde Ea
o Mgoz o A=t este] 282 MAE PgstaL At
[1,19,34].
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Zrake) 4F9)<(intracorneal ring segment implantation)< 7 &=
A S5=2 ¥ Aoz FHIE AP ek A S5 U
SHA stEA Alg S iAsH] SRt e s ER|HErad ol
E(polymethacrylate)® TH501X st = F 7§2] AE L Al
THES Zhef 71ho] Adsh, A 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 tiFEY] KA Fa
L HI5YLT), 125 = 1 o|Ae] WA Alg JAlo] 34%-
92%°1 4 WEEHAY Pt 22 FE M5} 2.2-6.4 DRHE ||
R SHATHB5). ¥Hd, 7] Fasdel tieh Hils @A g2
(351, = MyoRingS A4t 2979 A5 Zha} ghxjoj| A A=zt
TFHA=GZA7F B AAE 108 Z7] AFH7F 271= ATH36].
I8Nl & 9 5@ RHth= & F 1090 /i Bt AAaEm 27
A AP & A 0.50 logMAROIA 50 F 0.18 logMAR,
1049 #o= 0.25 logMAR=, FH#H= tiSA= & 3 -9.38 D
oA 59 # -2.70 D, 104 $ol= -3.29 D= 33131, 54 Al
A "y Zeo] 109 Foll= FEC] A S7HE A7) v
Aol e AAIAE36]. FWHlAE Intacs ringS ©1&
7 Adee] 59 A7] 23E RSk, ZHre] Hgs)
<= 57 & fA s vhE A E A A 3t =)
SA= 34 o] F thA| e o] Bt AAFSHATHBT). BHE A
o] 7hs S s Atuabddtedt MY Awrt ol Ay
ATH35]. AAHE Intacs ZHee A A&} 2t abdeteE
A7} 2429 = g HTE 1WH AF AlEY) A S0 HE
Hol FoJsHl o 5 &It Bi7t AtH38]. 593t G711
MyoRing 2t} A& T3t et 4 o et a A9
St Blao Ak ol A Al R g ] El:r 2
Al A= AeH39). ETE 8471 O%?E sgste] 7
o n e Rt 4% 49d Ade g5 vladt b
E]rt'*qoﬂ’ﬂi UWHA] A= 7 7 72 o)7F QIAAIRE B etoll A
AAIEo] FoJoHA Sk HArsATHA40]. %@*94 -’E/ﬂoﬂ wt
v Her AN 7 e A1 1 e
& A& AFshs AT At 45 ‘ﬂr41 g A
91?t tunnel A2 o] whE A3} 2po] 9] HEHEA 1ol A
femtosecond laser® +& =75 °|83% 71414 He] F & 79
2 Aole UL, AES2 71AA oM &oktH42]. T

narshz

olo

il |=4

HJP

fto
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% 5zt Alle FHEe Zutmabdget vlwstel A
Aoz A7 §% Aol 7Pssithaz]. Ztate Fuio) 7|18 &
ghe v wd Sl SAet(Fig. 1), 1 9 SR HEo R 7y,
AgE, Zhak g, Zhut ofg, Ztate @ B kFo] BilE
o]

Qirk1 42), TEA O % Zute] WY AAS B Fohs
o= grelA icHi). whebd Al2io] 0.9 o]49] EAel A 252
A8 A3k 7HsAo] Slo] Zere AlQlee AR A) eherHusl, 2
S T e e
AYES AWY 9 55 o] 9% ZupolA] A 1
Slat e A2 ATEE o] A 24l

s

9= 571

=B W= 4

ok

AT 93 7to] A7 2 A WS (refractive surgery)S &
a7l wol HPLOUH1,34,44], 74 A o] ofFIL AF7H
= 7o) Z1AH I ol F84 9 £ 7HsAdel VI
2oll, A 3 @ReIM = 28 nred] d=5 A=rt JEZ_I
A2 vHHAE et 28U Auadde A 1%
W7F A4 7] hlzel B A5 A FAolA 2 S
sl AlZg A B sk o] Qlth1,34,44,45]. A
o] A ZaE A& (phototherapeutic keratectomy) = ZE 1L
7 ol AZ2 A& (photorefractive keratectomy), F-<=7g A4
@ =(phakic intraocular lens)7} 2 A= ATH1,34,44,45].
oA EAI &S stage 1, 29] Fke A5 7t SEAof| A it
50 ym °H = ZEPEA|E AlYSh= Zlo] ARbH ofuH45]. 2 871
9] v 29| A-H(non-randomized study)”} 3 HEHEA o] 4]

I r& B Io &)

o

"*L

|ERS

2Hu% FolAA e EAl &N et uabadte Watkdte] etk
AYs dELE XY RP 5Ty 5ottt Baetgar, Zhut
PS5 AP FATE 6-44704 ool 6.7%-8.1%= HILEH 3
< = 2 2 2R Zol= kAL sHelrH4el. 13719] A-7F &
SHE o2 v EYoNE Zuuatddtes dEEn 280
glo|AzratdAl et 2w Abatke Hekto] AlE 9 =T

o
N
kl
ox
I
g
N
=

S xgirky BIEloT, ZhabelE Ao W
FATE 2171€(12-487019) Woll 7 < ZFoA HaE ] ekgict
[47]. 18y 7] FATE A7 Qlol A2 des MY Al 4
TS ol Jigt 7t Oq‘_r"7} Zas] Helrt,
AR =] e A
Bt 7Rs st whebA Z T-Eh_z}ﬁ@-g A & 3—127H é?l R
, 45 “’1'4 go] PEEA o T4 1 B= Y F
A =S AFARE A7 wol BALEAT34]. €5 ZHHolA
ﬁ—%ﬂ]dﬂ‘%’ix e i e e 71%"] AATE AT
[45]. (1) J—?— Z}ato] Qg4 (stable keratoconus): Y52] o]
9] Fg/gel dSE B @ 8 7Hsdt €A
g 1% /\]a(acceptable corrected distance visual acuity [CDVAI):
Zkaro] B412443} 1% $=2Hhigh order aberration)& <= AIqt
Hillzes w4 4 9o R &7k CDVA 0.5 o1& Hol= 7

F

J

S Foste] o] AlgE S FHH o= ‘8 The s AL 9145t
£ 78 ) g AIRMd = A 7hs Rt RbARL sfRet &
A& 550k %-$(meet the usual phakic intraocular lense ana-

tomical requirements) 5°] 5= A4YS 1T 5 rH45).
%, XYoA] = A= Y5 2o " QMH R AlHo] 0.5 ol

WAHHY FHEJ=E 2+ glo] o] Al gHEsle At ARt

Fig. 1. Various types of corneal opacification around the ring following intracorneal ring segment implantation. (A) Mild corneal opacity. (B)
Fibrotic corneal opacity.
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N EoH= Zo| BFA|otH44,45]. Y5 Zhahol|l A | A bRl =
AE A4 Aol tigt HlEr #4412 o] ®Harvt gitk. 201390
A 2021 Afo] ExFE 95 Zhake] S At = e At
ofl thigt ==& 1671 Feet g i =&l U=t B =426
7Noll A 3771 €olar, 87 AF7F Attt ethsS HskA
[45]. 16719] A+ Z2TE Sl B & A FHSLAHEA] -3.13
oA -10.76 D7} & ¥ +0.09°14] -1.25

Al 2.29-4.91 D7} & ¥ 0.05-1.47 D&

4 T}H45].
5= Zhato] MYt A EPT 4= A, B d1E9 ¥
T 32T 717k0] 53 njgto| B g 27121 7] A A7t
asitt & & WA 7T A IRk AR =
e HisHA YAt R WA 2 E Aot s}, =i

4y 5ol et §7] S8 TEo] Basi.

2130l
Zaho| A2 thE A A5 E At Qle S5 95 29 M54
Ql AzHolr}. A5 Ztuk2 HFZtafo] A &(penetrating kerato-
plasty, PKP)2] 18%2} 41-3357Hto] 4<% (deep anterior lamellar
keratoplasty, DALK)?] 40%% ZHA|st= €9l d&kog AdefA 3l
J[44], HZ AT diA A7 SotE fE HeE FaHL
ATt DALK:= PKPO| H|3j AFRkgo] 21l Wrj A Hzof 4
Fo] Ao =& 7|Ho] o] AJ7to] Qe Atk Tdo] qltt
[1]. # 27,018%F0] Z9Hd 47749] A5 St A5 Zdo]
A1 PKP2} DALK®] 27}5 v gt leREA o] B Q=] 19
AOIA H A 3t G 1 Biks 7 e 2ol Zbel7t
AATH48]. ARTES A= PKPAA, o]AH Ay k=
DALKOIA =34tH48].

NEL 5% 29 38&9] AZZ corneal tissue addition kera-
toplasty®] 7igo] =A% AeH49,501. 71E W HRHS o4
(intrastromal bowman layer transplantation, BLT), 7| Z}dto]4]
< (stromal keratophakia)®] 9?1 CAIRS (corneal allogenic in-
trastromal ring segments), ILK (intralamellar keratoplasty) 5]
IEFETH49,50]. BLT= 95 28 g ARtk Halvt 1,
CAIRS, ILK+= A8 7i49] a3p7t Slvk= ©7] 23t 4F Bl

A=dll50], 271 A7 @AM obA I adte S2geH F71
2l 2A A= F2lo] sttt 1 ook Z4u 71E o S
fIRt E7141329] Zhaf W o] Ak A|RbE|ar ltH44].
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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.

Keywords: iStent; Minimally invasive glaucoma surgery; Primary open angle glaucoma; Phacoemulsification
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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. 2. Injectors of iStent inject W and its distal view (A) and iStent infinite and its distal view (B) (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].

N Scope angle

Iris Plane X e
(patient head tilt) angle View of device in eye
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Fig. 4. (A) Tilt of microscope and positioning of patient’s head away from the microscope. The microscope is rotated to the pre-marked line (arrow)
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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B2 ARES 5 A FHIskE Zo] . AW iStent injectE HilA
dr e HHA 4710l BA] Y A2 olHA] &rk(Fig. 5D).

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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IOLMaster (Carl Zeiss Meditec Inc.)Z Z7d5I% 1L =%o] &7}
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4 24

SA2 AL IBM SPSS ver. 22.0 (IBM Corp.)E ©]-&3t3it} Al
-2 H|wsl7] 18] XA Q1 Hlo]El+= one-way analysis of vari-
ance (ANOVA) E+= Kruskal-Wallis tests, H|5=X]2Ql Ho|E+=
Pearson chi-square testE °|-&sl3H o™ BE A= B £+ HE
Hape] Ao yerfltt. Pgte] 0.05 Wl F-E A%
2 Fo3t o= 7559t
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2
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il

2
S A HolEE T A3k vol, FHZH 3, A vt
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THP) 0.05) (Table 1).

Table 1. Preoperative data of patients

|ERS

=2 AHE A

Al 2 2% s 5 ueby g 972 A=y Fda=d 837t
F& AR fo5HA FEATHP <0.05). WG & & 15, 1
WY, Z22aL 270 AT Ut fAR] AE2 Al 7 7 BAIRL
2 {93t Zfo]7h IAUTHP>0.05) (Fig. 1). Lk YRt $7HA
AlEE 13(0.13 + 0.12 logMAR)ZF 254(0.10 + 0.11)°] 334(0.25
+0.15) 50k Fof3HA| S-S RAEHP €0.05) (Fig. 2). Wt 272
A1EE 2740.18 £ 0.12 logMAR)®] 1:0.32 £ 0.20)7+ 374(0.45
+0.26) 2} §-9J51A] $4=5FATHP < 0.05) (Table 2, Fig. 3).

M
—_
224 0D (@ molA FHrde HAow, ZA g2

3 WA 2x7ol F710] et Aol gastelrt. 179 229

YafEistf o2 Al

Frolst ol Ho|Z] AFA|TE A ol A FRHEET} FRtelT-S
742 SAbs et 1w A ERo)] Hs) YA 2] URtAI o]
EATHP ) 0.05). S-S 7H4] $Hb= 17 59H13.9%), 27 4%t
(11.1%), 37 42H12.9%)°11 1, IHIAT-L 1 39K8.3%), 2 4
QH11.1%), 3 3%H9.7%)°1 At PR 178 209K(55.6%), 2
T 17%H47.2%), 37+ 1894(58.1%)°0]1 1L, A=A = 12 8%t
(22.2%), 23 119K30.6%), 37+ 63H19.4%)°1 A THFig. 5).

Al = kol 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.

(P>0.05). 28 <A Alg TS E 291.59 £ 1.03)°] 1
(1.84 + 1.11)3} 37+2.36 + 1.58) .t F-25HA] Z£9tHP €0.05).
FRAT 2 S gigt =R = 12(1.59 + 1.07)7 33(1.51 +
1.06)°] 274(2.21 + 1.16) 2t F-2l5HA] ZSkTHP<0.05). KA A1
Age] BEE = 174(1.58 + 0.81) 274(1.46 + 0.75)0] 3:+(1.83
+0.97)E 0t 75| EATHP €0.05) (Table 3).
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Table 2. Postoperative outcomes at 2 months after surgery

|ERS

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
UDVA of patients with macular edema and macular holes was non-significantly lower than that of patients with epiretinal membranes and high

myopia. POD, postoperative day. Group 1: enhanced monofocal ICB00,
ZCB00, n=31.
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Table 3. Subjective satisfaction scores

|ERS

Parameter Group 1” Group 2 Group 3
Overall 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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ZEISS AT ELANA 841P

C-loop Phobic, Tritecal IOL

ZEISS AT ELANA 841P

Maximizing patient satisfaction By combining
leading technologies
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® Full Preloaded injector delivery system
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