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BuvBegeHue: [1o Bpeme Ha HeycAoXHeHa (akoemyacudukauua kopHeaaHusm eHgomeA Moke Qa
6bge yBpegeH om peguua dakmopu. EHgomesbm npegcmaBasaBa moHocAOl xekcazoHaaHu kaemku,

yA. Mapur [1puto8 55 koumo ca 3aeybuAu cnocobHoCmMMa CU 3a geAeHe. Tol noggbpka OMHOCUMeAHama gexugpamauus
9002 Bapta Ha poeoBuuama U gonpuHacA 3a HeOHama npo3payHocm. lopagu moBa, npegnasBaHemo Ha Hal-
e-mail: janasimova@abv.bg BompewHus cAoU Ha kopHeama e BakHa 3agaya npu onepauusa Ha kamapakma u e om cbulecmBeHo

3Ha4eHUe 3a nocmonepamuBHomo Bb3cmaHoBABaHE U gobbp 3pumeAeH pesyamam. [TpexogHuam
kopHeareH omok, kodmo MoXke ga ce 06ACHU C ymepeHama 3a2yba uau mpaBma Ha xekcazoHaaHume
kaemku, e onucaH 8 peguua nybAukauuu, Ho gaHHUME 3a cpegHama eHgomeAHokAembyHa 3azy6a (ECL),
npomasama 8 ueHmpaaHama pozoBuyHa gedeauna (GCT), kakmo u Bpememo 3a Bov3cmanoBABaHe Ha
npegonepamuBHume cmodaxocmu Bapupam B8 wupoku 2paHuuu.

Liea: [1a ce oueHAam npomeHume B eHgomeaHokaembyHama ebecmoma (ECD) u ueHmpaaHama po2oBuyHa
gebeaura (CCT) caeg HeycAokHeHa onepauuA Ha kamapakma.

Mamepuaau u memogu: B npoyyBaHemo ca BkaloueHu nauueHmu CbC CeHuAHa kamapakma,
NAGHUPaHU 3a onepamuBHO AeyeHue. Beuyku ca onepupaqu om eguH onumeH Xupypz Ypes cmaHgapmHa
Gakoemyacudukauua ¢ umMnAaHmupaHe Ha uHmpaokyaapHa Aewa (MOA) nog mecmHa aHecmesus.
N3kalouBawume kpumepuu ca: npeguiecmBawit 04YHU onepauuu uAu mpaBmu, gpyaa 04YHa NamoAoaus
U cAyqau ¢ ycrokdenua. LienmpanHama pozoBuyHa gebeAuHa € U3MepeHa 4Ype3 NpegHocezMeHmHa
onmuyHa momozpadua (AS-0CT), a ECD e u3caegBaHa upes in vivo koHdokarHa mukpockonus (IVCM).
Bcuuku cybekmu ca uscaegBaHu npegonepamuBHO U Npu mpu cAegonepamuBHU Busumu (1, 7 u 30
geH). Cmamucmuyeckuam aHaAu3 Ha gaHHume e u3BbpweH ¢ SPSS statistics software package (v22.0).
Mpu pasnpegergHue Ha pesyamamume, pasauyaBaulo ce om HOPMAaAHOMO Ce NpuAokuxa Memogu Ha
HenapamempuyeH aHaAu3 U gaHHUMe ca npegemaBeHu ¢ mexHume MeguaHHu cmodHocmu.
Peayamamu: [lpocregeHu ca 60 nauueHmu Ha cpegHa Bv3pacm 70.56 2oguHu (SD=8.01), om
koumo 29 mvke u 31 keHu. MpegonepamuBHo CCT e 552 um (480-659 um), a ECD e 2398 ka./mwm?
(SD=1025-2965kA./MM?). 24 yaca cAeg onepauuAma ce ycmaHoBU 3HauyumeAHo yBeauueHue Ha CCT
(Z=-6.792, p<0.001). EHgomeaHokaemouHama 2bcmoma e 2302 ka/mMm? (945-2902 ka./Mm?), ¢
eHgomeAHokaembyHa 3a2y6a om 89 ka./Mm? (3.91%), B cpaBHeHue ¢ npegonepamuBHUMe cmouHoCMmU.
Mpe3 nvpBama cegmuua CCT e Hamanara cve 7.01% cnpamo nbpBama cAegonepamuBHa Busuma,
gokamo ECD npogbaxaBa ga HamaaaBa. [lo mpugecemua cAegonepamuBeH geH noymu ca gocmuzHamu
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npegonepamuBHume cmotrocmu Ha CCT (566um), a 0bwiama eHgomeAHokAembyHa 3a2y6a e u34ucAeHa
Ha 108 ka./mm? (5.2%).

3aknloueHue: YBpexkgaHemo Ha po2oBuyHuUA eHgomeA ce cMAma 3a BakeH napamembp Ha XupypauyHama
mpaBmauocHoBeH hakmop 3a oueHkama cuzypHocmma Ha onepamuBHama mexHuka. 3aHe20 UHgUpekmHo
MoxXe ga ce cbgu no kopHeaaHama gedeAuHa, Ho MogepHUME Memogu 3a yampacmpykmypHo uscaegBare
Ha pozoBuuama, kamo OCT u IVCM, npegocmaBam gonbAHUMEAHa UHGOpPMauuA 3a nogaekauiume
MOPGOAO2UYHU NPOMEHU U M02am ga gONpUHEcam 3a HaMUPaHemo Ha Had-nogxogauluAa mepaneBmudeH
nogxog cnopeg UHguBugyaAHUme 0cobeHocmU Ha Beeku nauueHm.

KalouoBu gymu: poeoBuua, onepamuBHo reveHue Ha kamapakma, CCT, ECD, IVDM, koHgokarHa
Mukpockonus

ABSTRACT

Introduction: Corneal endothelium can be altered during uneventful cataract surgery due to numerous
factors. The endothelium is a monolayer of hexagonal cells, which have lost their replication ability, that
maintain the dehydration of cornea, assuring its transparency. For this reason, corneal endothelium protection
is @ major concern during cataract surgery and is of significant importance for postoperative recovery and
visual outcome. Transient increase in corneal thickness, which could be explained with moderate loss of
endothelial cells, has been reported in several publications. However, results in terms of mean endothelial
cell loss, change of central corneal thickness, and time for reaching baseline measurements, vary widely.
Aim: The aim of this article is to evaluate changes in endothelial cell density (ECD) and central corneal
thickness (CCT) following uncomplicated cataract surgery.

Materials and Methods: Patients diagnosed with senile cataract, scheduled for surgery, were enrolled in
this prospective study. All underwent uneventful cataract surgery with phacoemulsification and intraocular
lens (I0L) implantation, performed by the same experienced surgeon. A standardized technique of cataract
extraction under local anesthesia was used. Patients with previous ocular surgery or trauma, or other ocular
pathology, as well as cases with complications, were not included in the study. Optical pachymetry of central
cornea was performed using anterior segment optical coherence tomography (AS-OCT) (Topcon 3D SD
0CT 2000). ECD and endothelial cell loss (ECL) in the central cornea were estimated using in vivo confocal
microscopy (IVCM). All subjects were examined preoperatively and at three postoperative visits: day 1, day 7,
and day 30. Statistical analysis was performed using SPSS statistics software package (v22.0) for Windows
(IBM'SPSS Inc., Chicago, IL,). Since the data were not normally distributed with the exception of patients’ age
they are presented with their medians with nonparametric analyses being conducted.

Results: A total of 60 patients with a mean age of 70.56 years (SD=8.01), 29 men and 31 women were
enrolled. Preoperatively CCT was 552 um (range 480-659) and ECD was 2398 cells/mm? (SD=1025-2965).
A considerable rise in CCT was noted 24 hours after surgery (Z=-6.792, p<0.001). Endothelial cell count
was 2302 cells/mm? (range 945-2902); the decrease of cell density was 89 cells/mm? (3.91%) compared to
baseline. During the first week CCT decreased by 7.01% in comparison to the first postoperative visit, while
ECD continued to decrease. Nearly preoperative values of CCT (566 pm, range= 481-807) were reached by
the 30th postoperative day. The overall ECL compared to baseline was 108 cells/mm? (5.2%).

Conclusion: Endothelial alteration is considered an important parameter of surgical trauma and essential for
gstimating the safety of the surgical technique. It can be roughly assessed measuring corneal thickness but
modern technology for ultrastructural examination, such as OCT and IVCM, provides further information about
the underlying morphological changes and could help choose the best approach according to the individual
corneal characteristics of every patient.

Keywords: cornea, cataract surgery, CCT, ECD, IVCM, confocal microscopy
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BbBELEHUE

Kamapakmama e egHa 0m 0CHOBHUME NpUYUHU 32 npegomBpamuma
caenoma (1). TexHudeckuam Hanpegok e goBea go npeBpbwaHemo
Ha (akoemyacupukayuama ¢ UMNAGHMauus Ha uHmpaokyAapHa
Aewa (MOA) B 3nameH cmaHgapm npu onepamuBHOMO AgYeHue
Ha kamapakma (2). Mo Bpeme Ha HeycAOKHEHa npouegypa
kopHeaaHuam eHgomen mMoke ga 6bge yBpegeH om  Hakoako
Gakmopa: MexaHuyHa u mepmuyHa mpaBma om yampasByka
(¥3), mexaHuuHo Bb3gedcmBue om AeweHUMe Macu, BAausaulu
8 koHmakm ¢ eHgomenaa, mypoyreHmeH nomok Ha UHGY3UOHHUSA
pasmBop u gp. EHgomenom npegcmaBasBa  MOHOCAOU
xekcazoHaaHu kaemku, koumo ca 3azybuau cnocobHocmma cu
3a geneHe. Tod noggbpka OMHOCUMEAHaMa gexugpamauua Ha
pozoBuuama U gonpuHacsa 3a HedHama npo3spayHocm (3). Mopagu
moBa, npegnasBaHemo Ha Hal-BbmpewHus cAol Ha kopHeama e
BakHa 3agaya npu onepauusd Ha kamapakma u e om cowecmBeHo
3HayeHue 3a nocmonepamuBHomo Bb3cmaHoBABaHe U gobbp
3pumenAeH pesyamam. lpexogHuam kopHeareH omok, kodmo moxke
(a ce 06ACHU ¢ yMepeHama 3a2yba uAu mpaBma Ha xekcazoHaaHume
kaemku, e onucaH 8 peguua nybaukauuu (4-9), Ho gaHHUMe 3a
cpegHama eHgomeAHokaembuHa 3az2y6a (ECL), npomasama 8
ueHmpanHama poz2oBuyHa gedeaua (CCT), kakmo u Bpememo 3a
Bv3cmaHoBaBaHe Ha npegonepamuBHUMe cmodHocmu Bapupam
B wupoku eparuyu. Lleama Ha HacmoAwomo npoyyBaHe € ga ce
ycmaHoBam u npocAegam NPoMeHUMe B eHgomeAHokAeMbYHama
2ocmoma (ECD) u CCT caeg HeycAokHeHAa CcmaHgapmHa
dakoemyacudukauus ¢ umnaaHmauus Ha OA.

MATEPWAAI N METOAN

lMpoyyBaHemo ce npoBege B 6azama Ha Kamegpama Nno O4YHU
borecmu U 3pumeAHu Hayku kom Meguuurcku yHuBepcumem —
BapHa, u CBOBAA — BapHa.

B npoy4Baremo ca BkaloveHu nauueHmu cbe ceHuAHa kamapakma,
NAGHUPaHU 3a onepamuBHO AeyeHue. Bcuyku ca onepupaHu om
EQUH ONUMEH Xupype 4pe3 cmargapmHa (hakoemyacudukauua
¢ UMnAaHmMupaHe Ha uHmpaokyaapHa Aewa (MOA) nog mecmHa
aHecmesud. WskalouBawume kpumepuu ca: npeguecmBauiu
OYHU ONepauuu uAu mpaBmu, gpyza 04Ha NAMOAO2UA U CAyyau C
YCAOKHEHUA.

OnepamuBxa mexHuka

OcHoBHUAM onepamuBeH paspe3 ¢ mpucmbnargH NpPoduA ce
npaBu caeg dopHukc-6asupaHa koHloHkmuBaAaHa nepumomuA.
Tol e UeHMPUPaH cnopeg Had-CMpbMHUA MepuguaH (Had-4ecmo
BepmukaAHusam). Tpume cmbnku 33 Cb3gaBaHemo Ha UHUU3UAMA
ca: (1) BepmukaaHa ckagpanHa uHUU3UA B 1/2 gebeAuHa Ha 2 mm
3ag AUM63; (2) cb3gaBaHe Ha ckaepaeH MmyHeA go gocmuzaHe Ha
npospayHama pozoBuua (¢ gbakuxa 3.5 mmy); (3) HaBausaHe B
MK ¢ 2.2 mm kepamom. Creg moBa ¢ 15-2pagycoB Hoxk ce npaBu
napaugHmesa Ha 2 4aca. Caeg umkekmupare Ha BuckoeaacmuyHa
cybemaruus B 1K ce ocouecmBaBa HenpekbeHam kancyaopekeuc,
nocregBaH om  xugpogucekuusa. TlomMbmHeHama Aewa ce
omcmpaxABa upe3 pakoemyacudukauua. 3a umnaaHmauuAma Ha
mekama MOA ce usnoasBa npesapegeH egHokpameH urkekmop.
MocaegBa omcmpaHABaHe Ha  pesugyaadHomo — koauvecmBo
BuckocybcmaHuuA Ype3 upuzauus U/uAu acnupauus u uskekmupare
Ha byGepupaH coAeBu pasmBop 3a Bv3cmaHoBABaHe HOpMaAHUA

INTRODUCTION

Cataract is the main cause of preventable visual impairment
worldwide (1). Technical advancement has contributed towards
phacoemulsification with intraocular lens (IOL) implantation
becoming gold standard treatment procedure for cataract (2). Corneal
endothelium can be altered during uneventful cataract surgery
due to the following factors: mechanical and thermal damage by
ultrasonic energy, mechanical trauma from lens particles coming
into contact with the endothelium, turbulence of irrigation solution.
The endothelium is a monolayer of hexagonal cells, which have
lost their replication ability, that maintain the dehydration of cornea,
assuring its transparency (3). For this reason, corneal endothelium
protection is @ major concern during cataract surgery and is of
significant importance for postoperative recovery and visual outcome.
Transient increase in corneal thickness, which could be explained
with moderate loss of endothelial cells, has been reported in several
publications (4-9). However, results in terms of mean endothelial
cell loss, change of central corneal thickness, and time for reaching
baseline measurements, vary widely.

AIM

The purpose of this study was to evaluate the changes in endothelial
cell density (ECD) and central corneal thickness (CCT) of eyes
subjected to uncomplicated cataract surgery, using standard one-
surgeon technigue.

MATERIALS AND METHODS

The present study was conducted at the Department of Ophthalmology
and Visual Sciences at Medical University of Varna and the Specialized
Eye Hospital in Varna.

Patients diagnosed with senile cataract, scheduled for surgery, were
enrolled in this prospective study. All underwent uneventful cataract
surgery with phacoemulsification and 10L implantation, performed
by the same experienced surgeon. A standardized technique of
phacoemulsification under local anesthesia was used. Patients with
previous ocular surgery or trauma, present corneal and other ocular
pathology or inflammation, as well as cases with complications were
not included in the study.

Cataract surgery

After a fornix-based conjunctival peritomy, the main 3-plane incision
was performed superiorly. The incision was centered on the steepest
meridian (usually the vertical) and was done in three distinctive
steps: (1) vertical semi-scleral incision 2 mm behind the limbus; (2)
scleral tunnel to the clear cornea (3.5 mm long); (3) anterior chamber
enter with 2.2 keratome. Then a side port incision was created at 2
o'clock position (along the 600 meridian) with a 15-degree blade.
Viscoelastic was injected through the sclerocorneal incision (SCI)
to maintain anterior chamber (AC) and a curvilinear capsulorrhexis,
followed by hydrodissection, was made. Phacoemulsification was
performed. Then, using a disposable preloaded injector a foldable
IOL was implanted into the capsular bag. Residual viscoelastic was
removed by irrigation and/or aspiration and balanced salt solution
(BSS) was injected to restore normal rigid state of the globe. The
incision were hydrated and tested for leakage. At the end of the surgery
intracameral cefuroxime was injected, subconjunctival antibiotic/
steroid injection was given and a sterile eye patch was placed over
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MOHYC Ha 04Hama AbbAka. MIHuu3uume ce xugpamupam umecmBam
3a uamuyaHe Ha BOT. B kpas Ha npouegypama ce urkekmupa
Llepypokcum BompekamepHo U TeHmamuuuH/[dekcamemasoH
cyokonlonkmuBaaHo, caeg koemo ce nocmaBa  cmepuAHa
npeBpbaka Ha okomo. Ha nauueHmume ce gaBam cmaHgapmHume
nocmonepamuBHuU uHcmpykuuu cnopeg npomokoAa Ha 60AHUUAMA.
TepaneBmuyHuam pexkum BkalouBa monukanred aHmubuomuk u
kopmukocmepoug (Tobramycin 3 mg/ml-Dexamethasone 1mg/
ml, Tobradex, Alcon; Oftaquix coll., Santen) 5-7 nomu no 1 kanka 8
onepupaHomo oko npe3 nopBume 24 yaca u no 5 Nbmu Ha geH cAeg
moBa 3a eguH Mecel,.

LlevmpaarHama poz20BuyHa  gebeAuHa €  U3MepeHa  upe3
npegHoceamermHa onmuyHa momozpadua (AS-OCT, Topcon 3D SD
0CT2000),aECDeuscaegBanaupesinvivo koHpokarHamukpockonus
(IVCM, Heidelberg Retinal Tomograph 3 ¢ Rostock Cornea Module)
¢ nocAegBawo u3yucAABaHe Ha eHgomeAHokAembyHama 3a2yba
(ECL). Bcuuku cybekmu ca uscaegBaHu npegonepamuBHO U npu
mpu caegonepamuBru Buaumu (1, 7 u 30 geH).
Cmamucmuyeckuam aHaAaus Ha gaHHume e u3BopuweH ¢ SPSS
statistics software package (v22.0) 3a Windows (IBM SPSS Inc.,
Chicago, IL). Mpu pasnpegeAgHue Ha pesyaAmamume, pasau4aBawo
ce 0M HOPMAAHOMO Ce NpuAazam Memogu Ha HenapamempuyeH
aHaAu3 U gaHHUMe ca npegcmaBeHu ¢ mexHume MeguaHHU
cmotHocMu.

PE3YATATI

MpocaegeHu ca 60 nauueHmu Ha cpegHa Bvapacm 70.56 20guHU
(SD=8.01), om koumo 29 mwke u 31 eHu. [pegonepamuBHo
CCT e 552 um (480-659 pum), a ECD e 2398 ka./mm2 (1025-2965
ka./MM2 ). HenapamempuyHuam cpaBHumeneH aHaau3 (Wilcoxon
signed-rank test) ycmanoBaBa 3HauumeaHo yBeAauueHue Ha CCT
24 yaca cneg onepayuama (Z=-6.792, p<0.001); CCT=680 pm
(483-959 pm), HapacmBane Ha CCT cnpAMO U3X0gHUME gaHHU ¢
112 um (20.66% ) EHgomeaHokaembyuHama 2ocmoma e 2302 ka./
mM2 (945-2902 kn./mm2), a ECL=89 ka./mm2 (3.91%), B cpaBHeHue
¢ npegonepamuBHume cmodxocmu. fMpe3 nbpBama cegmuua
CCT e HamanAra cvc 7.01% cnpamo nbpBama caegonepamuBHa
Busuma: CCT=610 pum (483-917 pm). YBeauyeHuemo cnpamo
npegonepamuBHume cmoadocmu € 50 pm  (8.88%). [pes
nopBama cegmuua ECD npogomkaBa ga HamanaBa go 2280 ka./
Mm2 (942-2900 ka/mm2), ECL=92 ka./mMm2, ECL%=4.71%. [o
mpugecemusa cAegonepamuBeH geH noymu ca gocmuzHamu
npegonepamuBHume cmoaxocmu Ha CCT (566pm, 481-807 pum), a
06wama eHgomeaHokAeMbYHa 3a2y6a e uzvucaeHa Ha 108 ka./mMm2
(5.2%), kamo e onpegeAeHa kamo cmamucmuyecku 3Haquma 4pes
HenapamempuyHuA cpaBHumeneH aHaau3 (Wilcoxon signed-rank

the eye. Postoperative aftercare instructions were given according to
the normal protocol of the hospital. The therapeutic regimen included
topical antibiotic and steroid (tobramycin 3 mg/mL-dexamethasone 1
mg/mL, Tobradex, Alcon; Oftaquix coll., Santen) 5-7 times during the
first 24 hours and then 5 times a day for one month.

Optical pachymetry of the central cornea was performed using
anterior segment optical coherence tomography (AS-OCT) (Topcon
3D SD OCT 2000). Endothelial cell density (ECD) and endothelial cell
loss (ECL) in the central cornea were estimated using in vivo confocal
microscopy (IVCM) (Heidelberg Retinal Tomograph 3 ¢ Rostock
Cornea Module) preoperatively and at three postoperative visits: day
1, day 7, and day 30.

Statistical analysis was performed using SPSS statistics software
package (v22.0) for Windows (IBM SPSS Inc., Chicago, IL,). Since the
data were not normally distributed with the exception of patients’ age
they are presented with their medians with nonparametric analyses
being conducted.

RESULTS

A total of 60 patients with mean age of 70.56 years (SD=8.01), 29
men and 31 women were enrolled.

Preoperatively GCT was 552 um (range 480-659 pum) and ECD was
2398 cells/mm2 (1025-2965 cells/mmz2). Wilcoxon signed-rank test
showed a considerable rise in CCT 24 hours after surgery (Z=-6.792,
p<0.001) . On the first day after cataract removal CCT was 680 pum
(range=483-959 um), the increase of CCT was 112 um (20.66% )
compared to baseline. Endothelial cell count was 2302 cells/mm?2
(range =945-2902 cells/mmz2); the decrease of cell density was 89
cells/mm2 (3.91%) compared to baseline. During the first week CCT
decreased by 7.01% in comparison to the first postoperative visit to
610 um (range=483-917 pm) with an increase of 50 um (8.88%)
compared to baseline, while ECD continued to decrease to 2280
cells/mm2  (range=942-2900 cells/mm2), ECL=92 cells/mm2,
ECL%=4.71% compared to baseline. Nearly preoperative values
of CCT (566 um, range= 481-807 pm) were reached by the 30th
postoperative day. ECD was 2278 cells/mm2 (range=939-2895
cells/mm2) and overall ECL compared to baseline was 108 cells/
mm2 (5.2%), which was determined as statistically significant by
the performed Wilcoxon signed-rank test (Z=-6.791, p<0.001).
Data are summarized in Table 1. The dynamics of CCT and ECD are
demonstrated in Fig. 1 and 2.

No correlation was found between CCT and ECD. However, a positive
statistically significant correlation was found between the central
corneal edema and ECL at the first (r=0.604, p<0.01, considerable
correlation) and second postoperative visit (r=0.447, p<0.001,
moderate correlation). A moderate statistically significant positive

Table 1. Central corneal thickness and endothelial cell density before and after phacoemulsification. ACCT% - CCT change in percentage; ECL% - endothelial cell loss in
percentage.

ACCT%

(compared to baseline)

Preoperative 552
1% day 680
7™ day 610
30" day 566

20.66
8.88
2.53

0
ECDES (compar:::-o/obaseline)
2398
2302 3.91
2280 4.7
2278 5.2
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Fig. 1. Median CCT (central corneal thickness) before and after uneventful cataract
surgery.

ECD (cells/mm2)
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Fig. 2. Median ECD (endothelial cell density) before and after uneventful cataract
surgery.

Table 2. Spearman’s rho correlation analysis between CCT change and ECL at different timepoints. ECL= endothelial cell loss (cells/mmz2); CCT change= change of central
corneal thickness (pm).

ECL

st
Parameter n ] day/

coefficient of

correlation

CCT change .
/1% postop day/ 0.604 <0.001
CCT change .
/7" postop day/ 0.480 <0.001
CCT change
/30" postop day/ 0.251 0.51

ECL ECL
/7™ postop day/ /30™ postop day/
coefficient of coefficient of
correlation correlation
0.552** <0.001 0.435*" <0.001
0.447** <0.001 0.354** 0.005
0.190 0.143 0.119 0.362

test; 7=-6.791, p<0.001). ECD Ha 30-us geH e 2278 ka./mm2 (939-
2895 ka./mMm2). JanHume ca 0606uieHu 8 Tabauua 1, a guHamukama
Ha CCT u ECD ca gemoxcmpupau Ha Que. 1 u 2.

He ce ycmaHoBaBa kopenauus mekgy uuppoBume cmodHocmu
Ha po20BuYHaMa gebeAuHa U eHgomeAHokAeMbYHaMa 2becmoma.
Bbnpeku moBa ce gokasBa cmamucmuyecku 3HaYuMa noAokumeAHa
3aBucumocm mexXgy kopHeaAHUA egem U eHgomeAHokAembYHama
3a2y6a Ha nopBua (r=0.604, p<0.01, 3HayumeAHa) u cegmus
(r=0.447, p<0.001, ymepera) nocmonepamuBeH geH. OcBeH moBa
e ycmanoBeHa ymepeHa cmamucmuyecku 3Haquma Kopeaauus
meXgy UeHmpaaHua pozoBuyeH omok Ha nbpBus geH U momaAaHama
gHgomenHokaemoyHa 3azyba (r=0.435, p<0.001). Tesu u gpyau
3aBucumocmu ca npegecmaBeru 8 Tabauua 2.

OcBeH koauuecmBeHama oueHka Ha eHgomera € U3BopuleH U
kauecmBen aHaAu3 Ha mopgoaczuyHUMeE My xapakmepucmuku.
[lokyMeHmupaHu ca 6eAe3u Ha NAEOMOPAU3bM U NOAUME2AMU3 1M,
koumo ca pasAUYHO U3paseHUu Npe3 pasaudHUme emanu Ha
nocmonepamuBHus nepuog, 8vB Bpu3ska ¢ Bb3cmaroBaABaHemo Ha
P020BUYHUA egem.

OBCHXAHE

Bonpeku ye pesyamamume om onmuyHama naxumempus He ca
npako conocmaBumu CobC CYUMaHama 3a 3AameH cmaxgapm Y3
naxumempus, npegHocezmedmnama OCT e npuema 3a obewaBaw,
mMemog ¢ gobpa noBmopsemocm U Bwv3npousBogumocm
C gonbAHUMEAHOMO npegumemBo, 4Ye e 6eskoHmakmHa u
HeuHBasuBHa mexHuka (10). CpegHama npegonepamuBHa
CCT B8 npoyyBaHemo, usmepeHa upe3 AS-OCT, e 6auska go
pesyamamume Ha Hakou aBmopu (8,11,12), Ho ce pasauyaBa om

Fig. 3. Laser scanning confocal microscopy (LSCM) images of corneal
endothelium: A. normal endothelium, B. endothelium with marked pleomorphism
and polymegethism 7 days after phacoemulsification

correlation was found between the central corneal edema on the first
postoperative day and the overall ECL (r= 0.435, p<<0.001). Further
correlations are listed in Table 2.

In addition to the quantitative assessment of the endothelium, a
qualitative analysis was performed and an increase in pleomorphism
and polymegethism was documented short after surgery. These
gradually decreased during the healing period in association with the
observed recovery of corneal edema.

DISCUSSION

Although CCT measurements with AS-OCT are not directly
interchangeable with ultrasonic pachymetry, it is acknowledged as
a promising method with good reproducibility and the advantage
of being noninvasive and noncontact (10). The mean preoperative
CCT, measured with AS-OCT, was similar to those reported by some
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gpyau (5,7,13). Hawume pesyamamu nomBopkgaBam npeguwiHu
nybaukauuu, nokasBauwiu makcumanHo yBeauueHue Ha CCT Ha
nopBua nocmonepamuBeH npeaaeg, cAeg koemo ma nocmeneHHo
HamaAABa go kpaa Ha nepuoga Ha npocaegaBane (5,7-9,11,12,14,15),
Bonpeku ye korkpemHume cmoaHocmu ca no-Bucoku. BuamokHo
02paHuYeHue Ha npoy4BaHemo e omHocUMeAHo kpamkuam nepuog
Ha npocaegABaHe, kodmo npu Hac e camo 30 gHuU.

Cnopeg  AumepamypHama  cnpaBka  cmodHocmume  Ha
eHgOMeAHOkAEMbYHAMA 3a2yba CAeg onepauus npu  3gpaBu
04u Bapupa B8 wupoku 2paHuuu: 7%-25% (9,11,13-23). ToBa Hal-
BepoAmHO ce goAKU Ha nonyaauuoHHUmMe xapakmepucmuku Ha
uscAegBaHume nauueHmu, pasaudua 8 onepamuBHama mexHuka
U/UAU aA20puUMbMa Ha npocAegABane. Peguua uHmpaonepamuBHu
(Gakmopu ce cmAmam 32 0m20B0OpHU 33  EHZOMEAHOMO
yBpexkgare (18,24-26). EHgomeaHokaembyHama 3a2yba 3ano4Ba
HenocpegcmBeHo cAeg onepauuama u Moke ga npogbaku npes
ueAus kuBom Ha nauueHma (4,22). B xoga Ha uscaegBaHemo ce
ycmaHoBu, Ye cpegHama eHgomeAHokaembyHa 3a2yba B kpaa Ha
meceua e 5.57%, koemo e omHocumeAHo Hucko B8 cpaBHeHue ¢
noBeyemonybaukauuu. JaHHume 3amoBagaau ckaepokopHeaAHuAm
myHeA, UAU kopHeaaHuAsm paspe3 Bogam go no-manko yBpekgare
Ha eHgomeAHume kaemku ca ockbgHu u npomuBopeyuBu (4,27).
Bonpeku ue nogobHo cpaBHeHue He e npoBegeHo B Hawemo
npoyyBaHe, pesyAmamume HU nogkpenam u3cAegBaHemo Ha
Beltrame u comp. (27), goka3Bauiu ye ckaepokopHeaAHUMe UHUU3UL
ca cBbp3aHu ¢ no-Hucka eHgomeaHokaembyHa 3az2yba, koemo
nomBopkgaBa cueypHocmma Ha usbpaHama 3a paspabomkama
onepamuBHa mexHuka(ckaepokopHeaneH myHen).

Hacmoawomo npoyyBaHe nogkpenA uUHGOpMAuUAMa, 4Ye HAMA
Bpv3ka mexkgy eHgomeAaHokaembyHama 2bcmoma (B pamkume Ha
HOPMaAHUME CMOUHOCMU) U UeHMpaAHama po2oBuyHa gebeAuHa
(12,28). Bonpeku moBa, nogobHo Ha gpyau aBmopu, ycmaxoBaBame
noAokumeAHa 3aBucumocm  mexkgy — eHgomeAHokAembyHama
3a2yba u ueHmpaaHus kopHeaneH egem (9,14).

OcHoBHUmMe kpumepuu 3a ougHka cbcmoAHUEMO Ha po2oBuuama
CAeg  onepauus ca eHgomeAHokAembyHama 2bcmoma U
gHgomeAHokAeMbYHama 3a2yba, HO Me He 0mMpasABam HanobAHO
npoueca Ha Bb3cmanoBaABaHe Ha poz2oBuuama cAeg XupypauyHa
mpaBma. Mophoro2uyHUME  U3MEHeHUA npegocmaBam  no-
3a0bAG0YEHO U NbAHO npegcmaBaHe Ha Hez2oB8ama guHamuka.
Ouerkama eguHcmBeHo Ha 3a2ybama Ha xekcazoHaAHu kaemka caeg
(Gakoemyacudukauus uma cBoume 02paHuveHuA. 3a pasauka om
kopHeaAHUA enumeA eHgomeAHume kaemku HAmam pezeHepamuBHu
cBodcmBa. Quereaume kaemku HapacmBam Ha 20AeMUHA, 3a ga
nokpuam gepekma no 3agHama noBbpxHocm Ha po2oBuuama. ToBa
C€ geMOHCMpUpPa 4pe3 yBeAudeHUA kKAembyeH pasmep, HapacmBaHe
Ha koeduuueHma Ha Bapuauus (CV) u HamardBaHe Ha geaa Ha
xekcazoHaaHume kaemku (HC%). Caeg nepuog Ha npenogpexkgaHe
me3u xapakmepucmuku Bv3cmanoBaBam npegonepamuBHUME
cu  cmodHocmu.  ocmeneHHo  kaemkume — Bb3Bpowam
CNOCOBHOCMMA CU CMAbuAHO ga noggopkam (u3U0AO2U4HAMA
¢yHkuus Ha pozoBuuama, koemo 06AcHABa obpamumocmma
Ha kopHeaAHua egem (29). Bonpeku 4e B uscregBaHemo e
u3BbpuweH camo kayecmBeH aHaAu3 Ha xekcazoHaAHUME kaemku,
HabAlogeHuAma Hu noggbpkam gpyau uscaegBaHus, nokasBawlu
npoMeHume B eHgomeAHama MopdoAO2UA CAeg  Onepauus
(13,19,30-33). [lobpe u3BecmHo e, ye 3azybama Ha xekcazoHaAHu

authors (8,11,12) but in contrast to the documented by others (5,7,13).
Our results confirm previous data showing that a maximal increase of
CCT was documented at the first postoperative visit (24 hours) and
then the CCT gradually decreased by the end of the follow-up period
(5,7-9,11,12,14,15), although the estimated by our study change was
higher than by other researchers. A possible limitation of current study
is the short postoperative follow-up period, which was only 30 days.
The reported in the literature range of ECL in healthy corneas is very
wide: 1.7%-25% (9,11,13-23). This could be explained by different
population characteristics of the patients, various surgical techniques
and different follow-up protocols. A variety of intraoperative variables
have been suggested to be risk factors for endothelial damage (18,24—
26). ECL begins soon after surgery and could continue throughout the
patient’s life (4,22). The estimated in the current study ECL at the end
of the first month was 5.57%, which is relatively low compared to most
of the reports. The data on whether scleral tunnel incisions or clear
corneal incisions lead to less endothelial cell damage are scarce and
conflicting (4,27). Although in the present study such a comparison
was not conducted, our results are similar with those of Beltrame et
al. (27), who argued that SCls are associated with less endothelial cell
loss, confirming the safety of the chosen surgical technique (SCI).
The results of current research support previous findings that there is
no correlation between ECD (within the physiological range) and CCT
(12,28). However, our results are in accordance with those of authors
who stated they have found a positive correlation between ECL and
central corneal edema (9,14).

The most common criteria used for evaluating the state of the
cornea after cataract surgery are ECD and ECL, but they cannot
reflect fully the healing process after surgical trauma. Morphological
changes provide a better representation of its dynamics. The loss of
endothelial cells, as an immediate response to phacoemulsification,
leads to some limitations. Unlike the corneal epithelium, the cells of
the endothelium do not have the ability to regenerate. Instead, the
remaining cells enlarge and stretch to cover the posterior corneal
surface in order to fill the space. This is demonstrated by increased
cell size with enlargement in the coefficient of variation (CV) and a
decrease in hexagonal cells (HC%). After a period of rearrangements
these characteristics would return to preoperative values. Gradually,
the cells would regain stability to maintain the physiological function
of the cornea which could explain the reversibility of postoperative
corneal edema (29). Although only a quantitative assessment of
hexagonal cells of the corneas was conducted, our observations are in
agreement with previous studies, showing the dynamics in endothelial
morphology after surgery (13,19,30-33). It is widely accepted that
endothelial cell damage and loss are inevitable consequences of
cataract surgery. Nevertheless, precise preparation and surgical
performance would potentially minimize intraoperative and
postoperative complications and provide better outcomes (34). Our
study presents additional evidence on morphological and functional
corneal changes after uneventful phacoemulsification.

CONCLUSION

Endothelial alteration is considered an important parameter of surgical
trauma and essential for estimating the safety of the surgical technique.
It can be roughly assessed measuring corneal thickness but modern
technology for ultrastructural examination, such as OCT and IVCM,
provides further information about the underlying morphological

15



Jana Simova, Mladena Radeva, Dimitar Grupchev, Tsvetelina Mihova, Christina Grupcheva

kaemku npu onepauua 3a kamapakma e HeusbeXkHo nocaegemBue,
Ho Bonpeku moBa gobpama nogeomoBka u NPeyU3HO U3NbAHEHUE
MOXe ga HamaAu pucka om uHmpa u nocmonepamuBHU yeAoKHEHUA
U ga goBege go omAUYHU nocmonepamuBHU pesyamamu (34).
Hacmoawomo uscaegBaHe gonoABa couiecmByBauiume gaHHU 3a
MOpdOAO2UYHUME U (yHKUUOHAAHU npomeHu B po2oBuuama caeg
HeycAokHeHa hakoemyacudukauua, kakmo u Bpvskama mexkgy max.

3AKAHOYEHNE

YBpekgaHemo Ha po2oBuyHUA €eHgomeA ce cmAma 3a BakeH
napamembp Ha XxupypaudHama mpaBma u ocHoBeH dakmop 3a
ougHkama cueypHocmma Ha onepamuBHama mexHuka. 3a Hezo
UHgupekmHo MoXe ga ce cbgu no kopHeaAHama gebeAuHa, Ho
CbBpemeHHUMe Memogu 3a yampacmpykmypHo u3cAegBaHe Ha
pozoBuuama, kamo OCT u IVCM, npegocmaBam gonbAHUMEAHA
UHhopmMauus 3a nogAekawume MOP(HOAOZUYHU NPOMEHU U
M02am ga gonpuHecam 3a HamupaHemo Ha Hal-nogxogawluA
mepaneBmuyeH Nogxog cnopeg UHguBugyaAHUMe 0C0obeHoCMU Ha
Bceku nauueHm.

changes and could help choose the best approach according to the
individual corneal characteristics of every patient.
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