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findings and tear indices in patients with progressive keratoconus
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Abstract:

Background: This study was performed to evaluate changes in tear indices and confocal
microscopic findings after corneal collagen cross-linking (CXL) in patients with progressive
keratoconus in Farabi Hospital in Tehran, Iran, during 2012-2013.

Materials and Methods: In this analytical study, 32 consecutive eyes of 23 patients (mean
age of 20.91 years) with progressive keratoconus were enrolled. The standard cross-linking
surgery was performed for all patients. Visual, refractive and topographic evaluations were
done before and 6 months after the surgery. Tear function tests and confocal microscopic
examination were performed before and 1 month and 6 months after the procedure using the
paired t-test with SPSS software.

Results: Using the confocal microscopy, all eyes showed reduced or absent subepithelial
nerve plexus. Differences in basal epithelial cell density, epithelial mean cell area and
keratocyte density in anterior and middle stroma and endothelial cell pleomorphism were all
statistically significant between 1 month and 6 months after CXL (P<0.05). No statistically
significant change was noted in the number of the endothelial cells and polymegathismt after
6 months follow-up. Significant improvement was noted in uncorrected visual acuity, best
corrected visual acuity, flattest corneal meridian and maximum keratometry in pentacam
after 6 months of the procedure.

Conclusion: Corneal collagen cross-linking can cause a significant reduction in
subepithelial nerve plexus and significant alterations in keratocyte density in anterior and
middle stroma.
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CXL: corneal crosslinking, UCVA: uncorrected distance visual acuity (LogMAR), BSCVA: best spectacle corrected distance visual acuity
(LogMAR), Sub Ref SE: subjective refraction spherical equivalent, Cycl Ref SE: cyclorefraction spherical equivalent, K1: corneal steepest meridian
in pentacam, K2: flattest meridian in pentacam, Kmax: maximum K in pentacam, Thin: thinnest point pachymetry in pentacam
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*repeated measure test
**Paired t test
tFriedman test
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BECD: basal epithelial cell density, MCA: epithelial mean cell area, ASKD: anterior stromal keratocyte density, MSKD: middle stromal keratocyte density, PSKD:
posterior stromal keratocyte density, ECD: endothelial cell density, Poly: polymegethism, Pleo: pleomorphism

ab&.ﬁ}ab&imdm‘b“éﬁ@jg}fuh}a&}'.bu.}
S5 B (7 led Jodr) Clll gl s SN
Ay ole ui.-::} Ay ole &g’ ‘JT'; ;;;\:.a ‘S\A}J‘;ﬂ‘ BL \AC,.:.-:}J‘JS
\PANERL/0 5 VW/FRNYV/Y SEF/PENNA G5 e Jes )
Sdn g JE polie o S 4S5 mp e dee 5o ik
J.qﬁj‘Mahﬂ}ab&ﬁé@&b‘géﬁ@j&uw
T $1 S 0515 L sa (¥ o jled Jgdr) AL el 0
35 sk POYATERV/A Joo 51 I3 a3 s slog il s n
e 93 J s VIUFEY /A s 5y ole S5 e pn oo sl

vy

WA/BENO/Y KSd ol S 51 5 p sl sk pedas Ja 20
58 7035w VAO/FEYV/A oo 51 oy ole G e o oo Sn
SN g me fag oo VAYYEYOA Jas 5l da ole i
5ol K om bl g arg BB oo 5l a5 4l polie o
¢S5 B (7 olad Jodr) A sdalise SN ol 2
Kl S 51 JF o Gls gl s Lol S
Jos 5 dm sl S cpp el 3 Jgke M/ARAO/Y
Joo 5l dmole 23y m e 53 Jske YYVEP/OY
5 palis pp SN g e e hes 53 ghe VE/YOEYO/0

Foosled [V 0,05 [VFAF|OLT 5 e | b asbiola s


http://feyz.kaums.ac.ir/article-1-2792-en.html

[ Downloaded from feyz.kaums.ac.ir on 2025-07-14 ]

GBS g s Son SaBly  FaSid ol S 3G

PONF] 550 5l p20158 b Ol SIS 555 5 (5, LS
bl Glwly s adlas gl Lol adlas b OBl b
JE 9858 sy Ko gy sl 5 (SI1 s el
b Obys o akiy ply mPsS SIS b ooty Y sad S 3
P i Jald K2 255 i il o S el S
S s 1y gula pme NS S ay )Y gend 3 BUT s o
G A 4 Cawles S ‘..a,g\:- aS Wl Ol sl A
2 s d gbdhe 4 ol end s eSS
6 el gy IS5 1 B V] ol slay
s 5 VA] &6 Ve 51 i BUT Jljs sl3 5s aib
S Y geml 5 V] ABb o V0 S e Y e
oSile 4 [YVY ]l ) 5 Jgemsl e FOY/AYEVYOY
dag ol 28 9 SO Jeo 5 S L ke 5o a byl ol ples
Sy Sen Slalllas zils 13 Jbojs esguzes 53 Jes
s 5ns S Sl (535G esas) S IS 4SS
o phad Slas! 3 gy sls BLES 1, S ol S 51 day 453
oo A3 5 ey (DL, slayd Hab 5 e sl A s
oS 5 4 ol i 28 5 ) il SOl
4 Ll 390y 5 s iy DUbLS,1 OT Jlisey 5 S
pobal 25 (e sl md OAd AL adlas ol [TY] A3l 0
sdome (68 as Lilate 5 oud Oloys ailaie 3 1) Lo pul g
ol ol DL b S (K b dnslis 53 fes 5l da sle i3
2oy [TFVANY] s L5 alie Oldlae b olle 4Bl
s Mazzotta hug cas Gba,wd  osKwy Sa sl
PR gl 25 oas &K 53 Darl 555 45 315 0L [A] 0K
1 5 e ol S 3, 50 andl 4 51 aS 0k g2 Sy
s S ) (S slag il sla b S Il ys S (0
s L o (S5luil SIS 5 dr s ¥ B Y das
S ke (ae Gl Dgl i) 45 0l 0L Sl
s b U s K2 55l Sl b bl o 25 Jas
alas gliwly 53 andllae cpl )3 358 paseds LU Jos 5 de
Lo 515 o515 45 a3 0als 0L 4] 01,18 5 Touboul
Cdday (A Gyl 53 &y (Gle g s gl sl o
- o0 oS dm ole i B LT el asl palS fes 3l dm
Eola g en Fhad Jeo ) ada s JalS pl s
23 Solsiime DNl Lol addllas 55 LS e S e (530
S s o rﬂ‘i“} 9 45 A JL il glad s Lol
g S alie Oldlas &S S sdalie wale i3 5 sl

2 osms BB R b as NRAN] cul sy

Fosled [14 0,05 [VWAF|OLT 5 ge | o asbiola s

Focske 53 ke FOVSEYY/Y fas 5l dny ole ik 5 o po joo
sl S o 5e g Jos Sl A g J polie NS4S 5 g e
S gk slum Jaw g (Y ol Jgua) 348 4 g B ol i
Jghw Yoo O/ARR 0/F K ol S 51 b as 3 L5 sl
53 Jgk YAYYFERVQ/Y fos 51 dm oo SO oy fa s 3
53 Jsk YONWNFEWVAS fos 51 dn olo 23 5 mje o
g LB Jor 5l dm 5 4l polis NS S 5 e e e
S S 483 Lyl W&JL Yo e (¥ o jled Jgda) 348
day ol S YVARYS da sl S IVIFETY s
Coedl Jos 3l day g fd pslie o OV g YV/YEYY
Joo 51 B 85 Ll ey se ity e BN (55U
5. YVIALA/A drg e il 5 YF/VER/D dms ole S FV/OEY/0
o bl g ax g BB Jer 5l dn g J5 palhe g SN &S
ai edalie SN Jes 5 e sl R 5 b S alie
! 2 s S 5 b S A (1 oyled Jpa)
Vs g SN sy (Ao VANY) o YO s JUk
Sl opl aale i 6, Ks 55 e bl ialS (A s YV/AY)
FAYO) im N+ 53 5 Bl 3 gy (A3 PAVO) o YY 55
log il 53 hawge b cids Ol og wBl als (Awo)s
S A5 sdalie ole SO 1 day (Lo ys YY/V) o lan VF s 4l 3
Bbliyldisls OLE 1) obe i 51 day Slgdl JolS 5 50 LS ples
PSS gl 5 (SKS lpatls o (2l
3 PGl R s 4GS B L el e JUESS
T A ealis el S K 53 S LY el 1
e S L L3 55 518 St b ok 4,0

RORIRGRCH 5 VN PR B PR P P

O3NS sl yd gl ok 5 Jold KuSd ol S

“a) 05 4 el b S oS 5 s Shes (A Loy 2l
¥ UVA) A i elysbe andl 5 (0 omolis b cp s
s il b oag 3 Oad Cde el o b (egl
4 OIS Cuplio Sulbl 5 gmd S5 5 om OVIS VLAl
Jlo 53 Lk sl sl leos cal Y] el T
pls! SIENA il San iz S 5 Wkl s Yeof
WA Ngm 45l JalS g wg S ElS Gy Jals S s
6oy s ol Jl s K Wl S Y] sl ol
53 PN A3k o g 4 56 SalS 5 s sS 518 i

(ol Condy s ol SIS sylee S (6l

Yy


http://feyz.kaums.ac.ir/article-1-2792-en.html

[ Downloaded from feyz.kaums.ac.ir on 2025-07-14 ]

S| (Jlm el b As odalin 483 Culbis jialS adlas
e S s Yl s ol 25 55 @Sy G S
» boawglS el 5 a3 el JWsl Sas S56
Culins O3S 2als Eol a5 wib o Sl 5 eldd slog 2l
Sy Ol i 5 Candly 5 eSS et s 4 Jee 5l An
1553 S T 53 48 ABly e S ol S 51 my Lo
dhaie o e Yl [YY V] Gl 0dd aul 58 IS 48
el 455 OIS S s O gioay oS Olays g ek Olej
S 5 w8l OCT WIS S (g oSy Koo ol 0ys S
ks 5 4B I3 g sl Dl s S o e gl Al
Ldbie Joo S A GRSy o sl sFGE Ul
u-\.:a b\.ﬁ).} ‘5‘.%(.—:.‘? )" M)J Y“/V A:JLE.G ;ﬂ' ).} [YVJY;/\N]
5o Oldlas pam s 0F alie 45 Lsls 0L 1) o\l b
J.bl? andlas "A.,M [GREPRE ) .[Yﬁg\'l\] Sl 0l ;;'J‘J.f ﬁ.p
S el gl Jlpe Al e OF oS bl (5,80 0L
S5yt IS s KS5S80 fe 680 501 5 e

Sylsly esisS $1S

S 5 Ao

b Lo 5 okl St KKl S
AS.:.& LS J‘(A\S c,.eb 'L;‘}:g;‘ J} EPIRY S St 9
5 B by el el S (S5 g JWsN 5 e
358 58S Oy S b )2 55 Slo

S10y8 9 U
555 Ul Sl o6 Ok les proe Sl

LS, 5 2L Shwsley SKpd i pod> Jow gl
SeF e G ol el 5 S el SSL IS
.njfun 13,88 Al cazils

References:

[1] Pouliquen Y. Keratoconus; the Doyne Lecture.
Eye (Lond) 1987; 1 (Ptl): 1-14

[2] Radner W, Zehemayer M, Skorpik C, Mallinger
R. Altered organization of collagen in apex of
keratoconus corneas. Ophthalmic Res 1998; 30(5):
327-32.

[3] Andreasson TT, Simonsen AH, Oxlund H.
Biomechanical properties of keratoconus and
normal corneas. Exp Eye Res 1980; 31(4): 435-41.
[4] Maeno A, Naor J, Lee HM, Hunter WS,
Rootman DS. Three decades of corneal

Yv¥

IR o

oGS A el ey oo S Ll gk cd s 50 52
S Ikl lad g 2alS dalgd 01 5e SL 5 ol
s bl SaSid ol S 2b5)) 3 e el Do
eJJLo.}Lg Cwles K] ('.9:1‘.;5?) o.‘&i’:bﬁ Ciyge D aS Lleals Ol
syl KIS YYA0N] ey Ka For Bl
5 A glog gl 4 3done Waam 51 S 55 5 sl
059l & ol 51 5 38 Aal g 05 Sa Y0 Ges b Gl
o 4 e Sl 5 ol aalllas 53 S o (55 S
L5 5 log MARYVYA s> G sais Mol ws axg U
Jos 3l dr ole i Jgb s l0g MARY b ous !
Sl VFAYN] 5 A5 Sl pam alis 45 ws S
ax g |y Joo 5 day s s pB addlas 53 (gl S IR
50 5 0, Kes s Wollensak bu g Js ldlas ;5 45 &S
Lo o andllas cpl s [YFAN] 5 0dd ol 0I,Kes 5 Koller
Sy slp o mms YA el S s (ghul sl s
ol blog 285, ISl Gl s Y 5 Somle
S bt RIS s lagme bl Bl 51Ol uis
bl o KK ol S Case gl B E s sdS el
e DL s S HIS oy i Ky Sl &S
ol 03 adn GRS 5 A pas Kol xS
bl S oS 1y ws obsl B o3l 4 ol Koo andllas
dalgs 680 i Yl dm ladle 5o 0T ress ST
Sl sl gl S Y 6K Jbaa [YF] sl
KK P15 5 oy oSS SIS Ooleny 3wk 550515
Ops & 1y Sl gl S rals A5 Sllas .ol 3y
VIEY 5 [YO] jums VEP VW] s VAL NV] gs Y/
IS ek dey o I S s lesls 0L [YF] s
3 P Ol ams s skl B jasls 4 S
ol s YONY] sl e Ksd el S 5l U SIS s

transplantation; indications and patient
characteristics. Cornea 2000; 19(1): 7-11.

[5] Kohlhaas M, Spoerl E, Schilde T, Unger G,
Witting C, Pillunat LE. Biomechanical evidence of
the distribution of cross-links in corneas treated
with riboflavin and ultraviolet A light. J Cataract
Refract Surg 2006; 32(2): 279-83

[6] Greenstein SA, Fry KL, Hersh MJ, Hersh PS.
Higher-order aberrations after corneal collagen
crosslinking for keratoconus and corneal ectasia. J
Cataract Refract Surg 2012; 38(2): 292-302

Foosled [V 0,05 [VFAF|OLT 5 e | b asbiola s


http://feyz.kaums.ac.ir/article-1-2792-en.html

[ Downloaded from feyz.kaums.ac.ir on 2025-07-14 ]

e SIS S g s S sl K ol S 30

[7] Mazzotta C, Balestrazzi A, Traversi C, Baiocchi
S, Caporossi T, Tommasi C et al. Treatment of
progressive  keratoconus by riboflavin-UVA-
induced cross-linking of corneal collagen:
ultrastructural analysis by Heidelberg Retinal
Tomograph 1l in vivo confocal microscopy in
humans. Cornea 2007; 26(4): 390-97.

[8] Mazzotta C, Traversi C, Baiocchi S, Sergio P,
Caporossi T, Caporossi A. Conservative treatment of
keratoconus by riboflavin-UVA-induced cross-
linking of corneal collagen: qualitative investigation.
Eur J Ophthalmol 2006; 16(4): 530-5.

[9] Touboul D, Efron N, Smadja D, Praud D, Malet
F, Colin J. Corneal confocal microscopy following
conventional, transepithelial and accelerated corneal
collagen cross linking procedures for keratoconous.
J Refract Surg 2012; 28(11): 769-76.

[10] Knappe S, Stachs O, Zhivov A, Hovakimyan
M, Guthoff R. Results of confocal microscopy
examinations after collagen cross linking with
riboflavin and UVA light in patients with
progressive keratoconous. Ophthalmologica 2011;
225(2): 95-104.

[11] Wollensak G, Spoerl E, Seiler T.
Riboflavin/ultraviolet-A-induced collagen
crosslinking for the treatment of keratoconus. Am J
Ophthalmol 2003; 135(5): 620-7.

[12] Sloot F, Soeters N, Vandervalk R, Tahzib NG.
Effective corneal collagen cross linking in advanced
cases of progressive keratoconous. J Cataract
Refract Surg 2013; 39(8): 1141-5.

[13] Caporossi A, Baiocchi S, Mazzotta C, Traversi
C, Caporossi T. Parasurgical therapy for
keratoconus by riboflavin-ultraviolet type A rays
induced cross-linking of corneal collagen:
preliminary refractive results in an Italian study. J
Cataract Refract Surg 2006; 32(5): 837-45.

[14] Vinciguerra P, Albé E, Trazza S, Rosetta P,
Vinciguerra R, Seiler T, et al. Refractive,
topographic, tomographic, and aberrometric
analysis of keratoconic eyes undergoing corneal
cross-Linking. Ophthalmology 2009; 116(3): 369-
78.

[15] Spoerl E, Mrochen M, Sliney D, Trokel S,
Seiler T. Safety ofUVA-riboflavin cross-linking of
the cornea. Cornea 2007; 26(4): 385-9.

[16] Al-Agaba M, Calienno R, Fares U, Otri AM,
Mastropasqua L, Nubile M et al. The effect of
standard and transepithelial ultraviolet collagen
crosslinking on human corneal nerves: an ex vivo
study. Am J Ophthalmol 2012; 153(2): 258-66.

[17] Ishikawa T, Del Cerro M, Liang F, Loya N,
Aguavella JV. Corneal sensitivity and nerve

Fosled [14 0,05 [VWAF|OLT 5 ge | o asbiola s

regeneration after excimer laser ablation. Cornea
1994; 13(3): 225-31.

[18] Lemp MA, Hamill JR Jr. Factors affecting tear
film breakup in normal eyes. Arch Ophthalmol
1973; 89(2): 103-5.

[19] van Bijisterveld OP. Diagnostic tests In sicca
syndrome. Arch Ophthalmol 1969; 82(1): 10-4.
[20] Szalai E, Berta A, Szekanecz Z, Szucs G,
Modis L. Evaluation of tear osmolarity in non-
Sjogren and Sjdgren syndrome dry eye patients with
the tearLab system. Cornea 2012; 31(8): 867-71.
[21] Jacobi C, Jacobi A, Kruse FE, Cursiefen C.
Tear film osmolarity measurements in dry eye
disease using electrical impedance technology.
Cornea 2011; 30(12): 1289-92.

[22] Mazzotta C, Traversi C, Baiocchi S, Caporossi
O, Bovone C, Sparano MC, et al. Corneal healing
after riboflavin ultraviolet-A collagen cross linking
determined by confocal laser scanning microscopy
in vivo: early and late modification. Am J
Ophthalmol 2008; 146(4): 527-33.

[23] Wasilwski D, Mello GH, Moreira H. Impact of
Collagen Crosslinking on Corneal Sensitivity in
Keratoconus Patients. Cornea 2013; 32(7): 899-
902.

[24] Koller T, Pajic B, Vinciguerra P, Seiler T.
Flattening of the cornea after collagen crosslinking
for keratoconus. J Cataract Refract Surg 2011,
37(8): 1488-92.

[25] Raiskup-Wolf F, Hoyer A, Spoerl E, Pillunat
LE. Collagen cross-linking with riboflavin and
ultraviolet-A light in keratoconus: long-term results.
J Cataract Refract Surg 2008; 34(5): 796-801.

[26] Grewal DS, Brar GS, Jain R, Sood V, Singla
M, Grewal SP. Corneal collagen crosslinking using
riboflavin and ultraviolet-A light for keratoconus;
one-year analysis using Scheimpflug imaging. J
Cataract Refract Surg 2009; 35(3): 425-32.

[27] Caporossi A, Mazzotta C, Baiocchi S,
Caporossi  T. Long-term results of riboflavin
ultraviolet a corneal collagen cross-linking for
keratoconus in Italy: The Siena eye cross study. Am
J Ophthalmol 2010; 149(4): 585-93.

[28] Croxatto JO, Tytiun AE, Argento CJ.
Sequential in vivo confocal microscopy study of
corneal wound healing after cross-linking in
patients with keratoconus. J Refract Surg 2010;
26(9): 638-45.

[29] Esquenazi S, He J, Li N, Bazan HE.
Immunofluorescence of rabbit corneas after
collagen cross-linking treatment with riboflavin and
ultraviolet A. Cornea 2010; 29(4): 412-7.

Yo


http://feyz.kaums.ac.ir/article-1-2792-en.html
http://www.tcpdf.org

