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MeZuumHCKY yHUBEpCUTET — BapHa BoBeseHue: MaKynHaTa [yNKa 11 KaTapakTaTa Ca NaToNnoriyHi CbCToAHNA, YeCTo CpPeLlaHii eiHOBPEMEHHO

yn. ,Maput [lpuHos” 55 Mpy NaLMEHTI B HanpeJHana Bb3pacT 1 BOZELYM [0 NPOrPecMBHO HaMaseHne Ha 3puUTenHaTa ocTpoTa I
BapHa, 9002 noABa Ha MeTamoponcun. YectoTata Ha MaKynHUTe AyNKN Bapupa B pa3nnyHuTe NONyNawumi, Kato CpeaHo
e-mail: dryvangelova@gmail.com ce cpeLwa npu 0kono 3,3 Ha 1000 ayLum. 3acAra B no-ronAma creneH xeHckia non (AK:M=3:1), 06ukHoBeHo Hap,

WecTAeceT roAuHu. NpuunHITE 33 Bb3HUKBAHE HA MAKY/HA yMKa Ca MHOTO, NALMEHTHUTE ¢ BIUCOKOCTENEHHA
MUOMKA (@ PUCKOBA PyNa, TPaBMarTa e PUcKoB (akTop BbB BCAKA Bb3PACT, KAKTO 11 MPOMEHUTE, KOUTO
HACTBMBAT CbC CTHKNOBMAHOTO TANO C Bb3PaCTTa.

Llen: LlenTa Ha HacTOALLOTO M3CNIeABAHE € A Ce OLEHAT 3PUTENHUTE N AHATOMIYHITE PE3YATATH, KAKTO W
KauecTBOTO Ha KMBOT Ha NaLMEHTUTE, NPEMUHANIN KOMOUHUPAHATa XMPYPTAA 3a SIeYeHue Ha MaKyHa AynKa
Il KaTapaKTa.

MeToau: B HacToALOTO MpoyuBaHe Ca BKMOYEHM 20 MALMEHTH, AMArHOCTUUMPAHU C MaKyiHA AYMKa
W KatapakTa, BCEKN MALMEHT MPEMIHA MbfleH OQTanMonoruueH Npernes C BUCOKOCMELMANM3MPaHa
anaparypa. Kato 3n1aTeH CTaHAapT 3a ONpeAensHe Ha 3puTenHaTa ocTpora betwe unon3saxa ETDRS Tabnuua,
a 3a MarHOCTIKaTa, OMpeeNaHe Ha pa3mepa Ha MakynHata Aynka U CnefonepaTuBHOTO NPOCTeAsBaHe
Ha aHaToMInyHUTe pe3ynTatu ce u3non3sa OCT. Ha nauenTuTe Gewwe u3BbpLIEHA GakoeMyncuduKaums Ha
KaTapaKTa ¢ MMNMIaHTaLVA Ha BBTPEOUHA NIl v NapC NiaHa BUTPEKTOMUA MO NOBOA MaKy/Ha Aynka. Ha
BCUUKM 0UY C& MHXKEKTUPA eKCMaHAMPaLL BHTPEOUEH ras.

Pe3yntati: KauecTBeHUTE U KOMYECTBEHY Pe3yNTaTiA ca npocieaeHi npu 20 Ha 6poii MauneHTy, OT KOUTo
14 MBXe 11 6 KeH Ha CPejiHa Bb3PacT 63,5 I. AHATOMUYHO 3aTBAPAHE HA MaKyNHaTa AyNKa npu npersnes ¢
0CT e ycraHoBeHo npu 100% 0T NALMEHTUTE. YOI0KHEHIUA HE Ca PErUCTPUPAHY B X0/ HA OCTONEPATUBHIUSA
nepuoa. BCuKy naumeHTH ce NPoCeAABaT Ha MbPBa U BTOPA CEAMMULIA, TbPBY, BTOPY, TPETH 1 LUECT Mecel]
e onepauyaTa. 3puTenHara 0CTpoTa ce Mokausa ¢ 40 42% Ha WecTy Mecel Cef onepaumaTa.
3aknioueHue: CbyeTaHnAT onepaTuBeH MOAXOA 3a NeUeHUe Ha MaKyHa AYMKa 11 KaTapakTa BoAW A0 Mo-
PaHEH 3pUTENeH PE3yNTaT 1 NO-MIKO NCUXOEMOLMOHATHO HAMPEXEHNE 3 NALMEHTa.

Kniouosm AYMU: MaKynHa 6ynKa, Kamapakmd, napc njiaHa sumpexkmomus, d)aKOEMyﬂCU(fJUKGL{Uﬂ,
KOM6UHUpaH£I onepauus, 3pumesiHa ocmpoma
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e e 7 e Introduction: Macular hole and cataract are pathologies that often occur simultaneously in elderly patients and

S5IMariniDrinoviSt lead to a progressive decrease in visual acuity and worsen metamorphopsia. The incidence of macular holes
9002 Varna varies in different populations, with an average of about 3.3 per 1,000 people. It affects to a greater extent
e-mail: dryvangelova@gmail.com the female sex (F:-M=3:1), usually over sixty years. The causes of a macular hole are many, patients with high
myopia are a risk group, trauma is a risk factor at any age, as well as the changes that occur with the vitreous
body with age.
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Aim: The present study aimed to evaluate the visual and anatomical outcomes as well as the quality of life of
patients who underwent combined macular hole and cataract surgery.

Methods: Inthe present study, 20 patients diagnosed with macular hole and cataract were included, each patient
underwent a complete ophthalmological examination with highly specialized equipment. The Early Treatment
Diabetic Retinopathy Study (ETDRS) was used as the gold standard for visual acuity determination, and optical
coherence tomography (0CT) was used for diagnosis, macular hole size determination, and postoperative
follow-up of anatomical results. Patients underwent cataract phacoemulsification with intraocular lens
implantation and pars plana vitrectomy for macular hole. All eyes were injected with expanding gas.

Results: Qualitative and quantitative results were followed in 20 patients, of which 14 men and 6 women with
amean age of 63.5 years. Anatomical closure of the macular hole on OCT examination was found in 100% of
patients. Complications were not registered during the postoperative period. All patients were followed up at
the first and second week, first, second, third, and sixth month after surgery. Visual acuity increased by up to
42% at the time of follow-up.

Conclusion: The combined surgical approach for the treatment of macular hole and lens opacity, leads to an

earlier visual outcome and less psychoemotional stress for the patient.

Keywords: macular hole, cataract, pars plana vitrectomy, phacoemulsification, combined surgery, visual acuity

BbBEAEHUE

MakynHata fiynka e CbCToAHMe, 3aCAraLLo 3a/iHIA 0YeH CErMeHT, npu
KoeTo ce 06pa3yBa YaCTNUeH U MbNieH feeKT B LieHTpanHaTa yact
Ha peTiHaTa, aHraxmpall dosesTa. (pep Hali-uecTute CUMMTOMY (a
MeTamopdoncuu 11 MOCTENEHHO, HO NMPOrPECUBHO HaManABaHe Ha
LieHTpasHarta 3putefHa octpora (1).

MpoAiBaTa Ha MaKy/Ha Aynka 061YaitHo e eHOCTPaHHA, ABYCTPAHHO
ce npoABABa Mexay 2 1 28% ot cnyyaute. Cnopes CbBpeMeHHNUTe
MpOyYBaHNA YecToTaTa Ha MaKynHUTe AynKki Bapupa B pasnnyHuTe
nonynawum, Kato CpefiHo ce cpeua npu okono 3,3 Ha 1000 gywwn.
3acAra B no-ronAma creneH xeHckua non (M:M=3:1), obukHoseHo
HaJ LWeCTAeCeT roAnHm (2).

MpUuMHUTE 33 Bb3HUKBAHE Ha MaKy/Ha J1ynka Ca MHOFO, NaLeHTUTe
C BUCOKOCTENEHHa MUOMKS Ca PUCKOBA rpyna, TpaBMarta e puckoB
(aKTOp BB BCAKA Bb3PACT.

( Bb3pacTTa CTHKNOBUAHOTO TANO NPETHPNABA NPOMeHM, 3arybBa
(BOATA renonofobHa CTpyKTypa, 3anouBa NpoLieC Ha BTeUHABAHE U
(BMBaHe, KOETO BOAM 11 40 OTAENAHETO My OT peTuHara (3). llpomenute
B CTPYKTypaTa Ha CTBKMOBWAHOTO TANO MoOraT Aa [0BedaTr [o
MOBULLEHO HaNpeXeHKe BbpXy MaKynaTa 1 NocneaBallo pa3BuTie
Ha MaKynHa Jynka. ButpeomakynapHUAT TpaKLUWOHEH CMHAPOM
(Vitreomacular traction VMT) e cbCToAHME, MPU KOETO HEMbIHOTO
0T/enBaHe Ha CTbKAOBIAHOTO TANO OT MaKy/aTa Moxe a J0Befie 10
TpakumA (Ibpnake) 1 Aa npean3BuKa CTPYKTYPHM 1 GYHKLMOHANHN
HapywweHus B peTuHata (4). ETo 3alLo yectoTata Ha MakysHa aynka
HapacTBa C Bb3pacTTa, Hali-LUMPOKO Pa3npoCTpaHeHa e B LLeCTOTo 1
CeIMOTO ieceTuseTe 0T XKIUBOTa.

Gass onucBa KMMHWYHWTE CTaZWM HAa MaKyMHa Jynka, KOUTO (a
LUMPOKO M3non3BaHu 1 Ao AHec (Tabn. 1).

OCHOBHMAT METOA 3a fleyeHe Ha MakynHa Jynka e pars plana
vitrectomy (PPV). [lokymeHTupaHa e 3a mbpsu mbr ot Kelly and
Wendel cnep, 1989 . (5).

INTRODUCTION

A macular hole is a condition affecting the posterior segment of the
eye, characterized by a partial or full-thickness defect in the central
retina involving the fovea. The most common symptoms include
metamorphopsia and gradual yet progressive reduction in central
visual acuity (1).

Macular holes typically present unilaterally, with bilateral involvement
reported in 2% to 28% of cases. According to recent studies, the
prevalence of macular holes varies across populations, averaging
approximately 3.3 per 1,000 individuals. It is more commonly observed
in women (F:M = 3:1), usually over the age of sixty (2).

The etiology of macular holes is multifactorial, with patients with high
myopia being at higher risk, while trauma is a contributing factor at
any age. With aging, the vitreous body changes, losing its gel-like
structure and initiating a process of liquefaction and contraction,
which eventually leads to its detachment from the retina (3). These
structural changes in the vitreous can exert increased traction on the
macula, potentially resulting in the development of a macular hole.

Vitreomacular traction (VMT) syndrome is a condition in which
incomplete posterior vitreous detachment from the macula causes
traction, leading to structural and functional retinal abnormalities
(4). Consequently, the incidence of macular holes increases with age,
heing most prevalent in the sixth and seventh decades of life.

Gass described the clinical stages of macular holes, which remain
widely used today (Table 1).

The primary method for treating a macular hole is pars plana
vitrectomy (PPV), first documented by Kelly and Wendel after 1989
().

The transparency of the patient’s natural lens is crucial for planning and
performing the surgical intervention. The most common complication
of this surgery in phakic patients is progressive lens opacification (6).
During a vitrectomy, the lens may be affected in several ways:
mechanically by vibrations or pulsations of the vitreotome, iatrogenic
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Table 1. Modified Gass Classification of Macular Holes (4).

Stage ‘ Description

Stage la Yellow spot with loss of foveal depression, no vitreous separation
Stage 1b Yellow ring with loss of foveal depression, no vitreous separation
Stage 2 Small full-thickness macular hole < 400 microns

Stage 3 Full-thickness macular hole > 400 microns, no vitreous separation
Stage 4 Full-thickness macular hole > 400 microns, complete vitreous separation

OT U3KMIOUNTENHO TONIAMO 3HAYEHIME 3a NNIAHUPAHE U NPOBEXJaHe
Ha XUPypriuHaTa MHTEPBEHLMA € MPO3PaYHOCTTa Ha COOCTBEHaTa
fIelLa Ha NaLMeHTa.

Haii-uecToTo yCnoHeHue npu Ta3n onepauua, mpu GakuuHu
NaLMEHTH, e NPOTPECUBHO NOMBTHABAHE Ha Nelwata (6). o Bpeme Ha
BUTPEKTOMUA eLLiaTa MoXe Aa Gbjle 3acerHaTa no HAKOKO HaulHa:
MEXaHUYHO OT BUOPALMMTE/ NyNCaLuTe Ha BUTPEOTOMA, ATPOTEHHa
TpaBMa — NpW HEBHUMaHWE, OMUT 3a MOYMCTBAHE Ha MpepHa
xuanouges (He ce npenopbyBa NI GaknuHN NALUERTI) W/ nunca
Ha onuT Haxupypra. Mpu ornez Ha nepudepHa peTMHa UHCTPYMEHTUTE
MOraT J1a JOKOCHAT 3a/iHaTa NOBBPXHOCT Ha NIELLaTa, Thil KaTo TA € ¢
eMNCOBMAHA, GMKOHBEKCHA CTPYKTYPa, C Hai-3MbKHanNa YacT Ha3ap
KbM CTbKMOBIAHOTO TAN0/ peTuHata (7). To3u KOHTAKT Moxe ja
JI0BE/iE 0 PYNTYpa Ha 3a/iHaTa NlelLieHa Kancyna, HacTbBa NpomsHa
B OCMOTYHOTO HanAraHe W XuApaTauuATa Ha KOpTUKanHuTe
(10eBe Ha fNlelata, Npeau3BUKBaiiki MOMEHTanHa Nporpecus
[0 Henpo3pauHa Katapakta (8). B Te3m cnyuam, CbC Cbrnacueto
Ha NawyeHTa, e NPenopbYMTENHO Ja (e UBBPLUM U CMAHATA Ha
nelata. 3aToBa NOArOTOBKTa, BKIOYBALLA M3UMCNABaHE M Nog6op
Ha BbTPEOYHa Nella, ABYCTPaHHO, 3a KaTapaKTanHa Xvpyprua e
U3KMIOYUTENHO BaXKHa, I0PY M MbPBOHAYANHO MHTEPBEHLMATA Ja HE
e 6una nnaxupana.

MatopuanonornyHuTe MexaHu3MK, BOAELM 110 NOCTOMEPaTUBHO
yBPeX/aHe Ha NewjaTta, BK/IOYBAT MPOMAHATA B KUCNOPOAHOTO
HanAraHe 1 BBTPEOYHOTO HansraHe. [TOBULLEHOTO KMCNOPOAHO
HaNAraHe 1 UNCaTa Ha CTHKMOBUAHO TANO, C Heroata GapuepHa
OYHKUMA MeX[y PeTWHaTa W nellara, no3BondABa (BOOOAHOTO
[BUKEHIE Ha TEYHOCTIA M MOBYLLIEH KOHTAKT Ha NeLLaTa COKCUAMpaLLy
monekynu. [oBuwweHoTo o06pa3yBaHe Ha (BOOOAHN pajuKany
(ROS) Boaw 10 yBpexaaHe Ha MpoTeUHUTE B fleLaTa U yckopAga
PasBUTUETO HA HyKNeapHa KaTapakTta (9). Bbnpeku ye katapakTa
(e CunTa 3a 0TAENHO 3abonABaHe, Npu KOMOMHMPaHaTa NaTonoris
MOTaT /1a Ce MEHaXMpaT eAHOBPEMEHHO N MOCNeI0BATESHO.

OnepauuaTa Ha KaTapakTa e efjHa OT Haii-uecTo M3BbpLLBAHMTE
W yCMewHn XUpypruuyHu npouedypu B CBeToBeH Mallab. [lpes
nocneHUTe rOAUHY, C HanpeaBaHe Ha TEeXHONOTUNUTE, Ce CMATA U
33 MUHUMAJIHO UHBA3MBHA, HO KOraTo Ce Kacae 3a KOMOUHMpaHa
onepauna, NMPUHLMNMTE 3a XWPYPrMuHA MOATOTOBKA NpU Te3u
naupeHTy ce npomeHAT (10).

npaBI/IJ'IHI/IﬂT I'IOAﬁOp Ha NalUWeHTU N €TanHaTa npeaonepaTuBHa
NnoaroToBka Ca OT KNOYOBO 3HAY€HWE 3a Kaye(TBOTO Ha
CNeaonepaTMBHNTE pe3ynTati.

LUEN

LlenTa Ha HacTOALLOTO NPOyYBaHe e A Ce OLeHN edeKTUBHOCTTA Ha
KOMOUHMpaHWs noaxof npu 20 nauyMeHTy, IPEMIUHANN onepauua 3a

trauma due to inattention, attempts to clean the anterior hyaloid (not
recommended for phakic patients), and/or a lack of surgical expertise.
When examining the peripheral retina, instruments may touch the
posterior surface of the lens, given its elliptical, biconvex structure,
with the most protruding part directed posteriorly toward the vitreous
and retina (7). Such contact may result in posterior lens capsule
rupture, leading to changes in osmotic pressure and hydration of the
cortical lens layers, causing rapid progression to an opaque cataract
(8). In these cases, with the patient’s consent, simultaneous lens
replacement is recommended. Therefore, preoperative preparation,
including intraocular lens (I0L) calculation and selection for cataract
surgery in both eyes, is essential, even if the initial intervention does
not involve cataract management.

The pathophysiological mechanisms leading to postoperative
lens damage include changes in oxygen and intraocular pressure.
Increased oxygen tension and the absence of the vitreous, which
normally acts as a barrier between the retina and lens, allow free
fluid movement and heightened exposure of the lens to oxidative
molecules. Elevated reactive oxygen species (ROS) formation damages
lens proteins, accelerating nuclear cataract development (9). Although
cataract is generally considered a separate condition, in cases of
combined pathology, both issues can be addressed simultaneously or
sequentially.

(ataract surgery is one of the most commonly performed and
successful surgical procedures worldwide. In recent years, with
advances in technology, it has become minimally invasive. However, in
combined procedures, the principles of surgical preparation for these
patients differ (10).

Proper patient selection and meticulous preoperative preparation are
critical for achieving optimal postoperative outcomes.

AIM

This study aims to evaluate the efficacy of the combined approach
in 20 patients who underwent surgery for macular hole along
with phacoemulsification and 0L implantation. We prospectively
tracked the visual outcomes and anatomical success of the patients
postoperatively.

MATERIALS AND METHODS

From January 2023 to October 2024, 20 combined surgeries for macular
hole and cataract were performed at the University Specialized Eye
Hospital in Varna, Bulgaria. The combined approach was chosen based
on preoperative findings and patient consent. This review includes 20
patients (20 eyes) operated on during the period from January 1, 2023
to September 30, 2024.
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MaKyJlHa AynKa, B CbyeTaHue ¢ pakoeMyncudukauma Ha Katapakta
W umnnanTauma Ha I0L. Mpocneguxme NpocneKTUBHO 3pUTENHUTE
Pe3YNTaTV 11 aHATOMUYHIA YCMEX NPU NALNEHTUTE CEAONEPATUBHO.

MATEPWANN U METOA U

B nepuoga ot Hauanoto Ha AHyapu 2023 r. o oktomBpu 2024 T.
B Y(bOBAJl-BapHa ca ocbuiectBeHu 20 Ha 6poii KOMOUHMpaH
onepavyi 3a MakynHa Bynka 1 Katapakta. KombuHupaHuat nogxoa
e n30paH Ha ba3a pesynTatuTe OT NpefonepaTUBHITE U3CNeABaHNA
11 CbC CbIACKETO Ha nauyenTa. B HactoAwwma 0630p ca BKtoueHn 20
Ha bpoit nauyenTi 3a nepuoga 01.01.23 — 30.09.24, 20 Ha 6poii oun.

AnroputbmbT 3a nperneq Ha NauueHT ¢ MaKyJiHa [ynKka He ce
Pa3nnyaBa 3Ha4YUTENHO OT ﬂOﬂpOﬁHVIFI O¢TaﬂMOJ'IOFVNeH npernej,
HO U3UCKBa BMCOKOCMELMANN3MPaHa anapatypa, KOATO He BUHArn
e HannuHa B 000NHMYHNA KAOWUHET, KbJETO MALMEHTHT MOXKe
Ja NOTbPCU CbAelCTBIE NPU ONAKBAHUA OT HAMaNeHo 3peHue.
Bbnpeku T0Ba oNTULIMTE U ONTOMETPUCTUTE, KAKTO I O(I)TaﬂM0ﬂ03VITe
TpﬂﬁBa a CHemat nonp06Ha dHaMHe3a 0THOCHO XapaKTepUCTuKnTe
Ha 3pUTEJTHUTE HaPYLLIEHNA Ha NaleHTa.

lepcuctupate Ha CI'IeLlVI(I)VIllHVITe OMniakBaHUA U HaMaJieHO 3peHne
cnen onpenenAHe Ha pe¢paKuvm N U3NNUCBaHe Ha KopeKuua

The examination algorithm for a patient with a macular hole does
not differ significantly from a detailed ophthalmological examination
but requires highly specialized equipment, which is not always
available in outpatient settings where patients may initially seek
help for visual complaints. Nevertheless, opticians, optometrists, and
ophthalmologists should take a detailed history of the patient’s visual
disturbances.

Persistent specific complaints and reduced vision, even after
determining refraction and prescribing correction, necessitate ruling
out retinal or lens pathology. Autokeratorefractometry, tonometry,
and subsequent visual acuity testing with and without correction are
essential screening tests preceding an ophthalmological examination.

Additional tools such as the Amsler grid, contrast sensitivity testing,
and visual acuity assessment using the ETDRS (Early Treatment
Diabetic Retinopathy Study) chart provide a more precise evaluation of
both the quantity and quality of vision compared to the Snellen chart
commonly used in clinical practice. The ETDRS chart includes three
diagrams with different optotypes designed to test the left eye, right
eye, and binocular vision to prevent memorization by the patient. The
diagrams use Sloan letters and are considered the gold standard for
visual acuity measurement in contemporary clinical research (Fig. 1).

"NCKZO0O - HVZDS DSRKN
RHSDK NCVKD - CKZOH
DOVHR CZSHN ONRKD
CZRHS ONV SR ' KZVDC
ONHRC KDNRO i VSHZO
it b B AP ~ PR
c'%;i‘f" OHVECK ' .":E’_FE:;.’?’K
e @ - @ : e @

Fig. 1. ETDRS Chart: Diagram 1, Diagram 2, Diagram 3.

Harnarat M3K/iouBaHe Ha 3a001ABaHe Ha peTUHaTa U/K nelara.
ABTOKepaTopedpaKTOMeTpis, TOHOMETPUA C NOCNIeABaLLA 3pUTENHA
0CTPOTA CbC U 663 KOpeKLMSA Ca 0CHOBHY CKPUHUHTOBI U3CTIeBaHUA
32 OLEHKA Ha 3PEHMETO Ha MaLMeHT, NpefLecTBaLLY NeKapckia
npernez oT 0dTanmoor.

PelweTka Ha AMCriep, KOHTPACTHa YyBCTBUTENHOCT, KAaKTO U 3peHue
Ha nauwent Ha ETDRS (Early Treatment Diabetic Retinopathy
Study) Tabnuuata faBaT no-npewyusHa oLeHKa 3a KOMUECTBOTO
KauecTBOTO, B CPaBHeHwe ¢ Tabnuuata Ha Snellen, koATo ce u3non3ea
B CTaHAApTHaTa KNMHUYHA npakTuka. ETDRS Tabnuuata cbabpxa
TPU AMarpamu C pasanyHK ONTOTMNI, PECEKTUBHO 3a U3CNeiBaHe
Ha NABO 0KO, AACHO OKO U [IBYOUHO C LieN1 1a He 6baaT 3anameTeHu
0T naumeHTa. B auarpamute ce nanonsgat bykute Ha Sloan. ETDRS
TabnuLaTa e 3naTeH CTaHAAPT 3a ONpefenaHe Ha 3puUTeNHaTa 0CTpoTa
B CbBPEMEHHUTe KNUHUYHY npoyysanua (Our. 1).

Ornep Ha 3a/1eH OUeH CerMeHT cnef MIApKa3a Ha NauyneHTa 3aBucn
OT NPAKTUKATa Ha U3CneaBallinA, KakTo U CbraCieTo Ha nalueHTa
[a My 6'b£le NoCTaBeH MUAPUATUK. npenI/IMCTBO €, 4ye npn mmuapunasa

Examination of the posterior segment of the eye after pupil dilation
depends on the clinician’s practice and the patient’s consent to the use
of a mydriatic agent. Pupil dilation offers the advantage of allowing
examination of both the lens and the peripheral retina, which is
essential when planning surgical treatment for these patients.

The diagnosis of a macular hole can be made through an examination
using a 90D or 78D lens; however, the gold standard for confirmation is
optical coherence tomography (OCT). Since the pathology is localized
in the macula, OCT can be performed without pupil dilation, except in
cases where optical media transparency is compromised.

In addition to providing a structural assessment of the macula, OCT
enables measurement of the size of the defect (macular hole diameter),
whichis a key criterion for selecting the appropriate surgical technique
(Table 2, Table 3).

It is recommended that the examination be divided into two stages,
as not all investigations need to be performed simultaneously. As
noted above, optical coherence tomography (OCT) plays a critical role
in the accurate diagnosis and management of these patients, further
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Table 2. International Classification System for Vitreomacular Adhesion, Traction, and Macular Hole (11).

Classification

Subclassification

Vitreomacular adhesion

Size: focal (<1500 um) or broad (>1500 m)
Isolated or concurrent

VMT

Size: focal (< 1500 m) or broad (> 1500 um)
Isolated or concurrent

Full-thickness macular hole

Size: small (< 250 m), medium (> 250 —< 400 um), or large (> 400 um)

Status of vitreous: with or without VMT
Cause: primary or secondary

MOXe fa 6bje orniejiaHa 1 fIewata, KakTo 11 nepudepHata peTuHa,
KOETO € 3ab/KUTENHO NPY NAHUPAHE Ha ONepaTUBHOTO JleueHue
Ha Te3u naumeHTI. locTaBAHe Ha AUarto3a MaKyHa Aynka Moxe Aa
0bAe nocturHato cnep ornes ¢ 90/ 78 D newwa, Ho 3naTeH cTaHAapT
B YTBbPXKAaBAHETO i € ONTUYHaTa KoxepeHTHa Tomorpadua (Optical
coherence tomography, OCT). Tbit kaTo naTonoruATa e noKanM3upaxa
B MaKy/aTa, 1 U3Ce[IBAHETO € NPUNOXKNMO 1 6e3 MInIPUA3a, OCBEH B
ClyYanTe, KOraTo INNCBA NPO3PAYHOCT HA ONTUYHUTE CPEAM.

OnTuyHaTa KoxepeHTHa TOMOrpaua OCBeH CTPYKTYPHA OLeHKa Ha
MaKynaTa Hu [laBa Bb3MOXKHOCT 11 33 U3MepBaHe Ha rofieMuHaTa
Ha AedekTa (aMameTbpa Ha MaKynHaTa Aynka), KOETo e OCHOBEH
KpuTepuii npy noabopa Ha onepaTuBHaTa TexHuka (Tabn. 2 v Tabn. 3).

MpenopbunTenHo e npernefbT Aa Ce pa3fend Ha [Ba eTama,
KaTo He BCUYKM W3CTefBaHMA e HeobXofumo Ja e W3BbpLUaT
enHoBpemeHHo. OT M0COYEHOTO Mo-Tope CTaBa ACHO, Ye ONTYHaTa
KoxepeHTHa TOMOrpadua e 0T U3K/KUMTENHO 3HaueHe 3a paBueH
MOAX0J P Te3M NaLMeHTH, KOeTO 3aTBbPX [jaBa CTaTyTa i 3a 3M1aTeH
(TaHAAPT NPU NOCTABAHETO Ha AnarHo3ara (Tabn. 3).

[locTaBAHeTO Ha AMarHo3ata no MoCoYEHs no-rope anroputobm
MOXeM Jia 0606U.|,I/IM KaTo MbpBU €Tar. BTOpI/IﬂT eTan cnejBa Ja
obxBaHe Apyrute  BUCOKOCMELUaNTM3NpaHn  U3CneaBaHnda, Kouto
(a HEOﬁXO)ZI,I/IMVI 3d U3BDPLUBAHE HA MDbAHA nNpeaonepatiiBHa
NoAroToBka, Te CneaBa fAa 6'b£|,aT M3BDbpLUEHN B NeyebHoTo
3aBeJEHNE, KbAETO LLE CE NPOBEAE XUPYPrUYHOTO NEYEHNE. Juncata
Ha YacT OT TAX HE € OrpaHnyeHlie 3a N3BbPLUBAHE Ha OnepaTuBHATa
NHTEPBEHLNA.

(neKkynapHaTa MUKPOCKOMMA HU J1aBa KOAMUYECTBEHA OLIEHKA Ha
EHJIOTENHUTE KNETKV Ha POroBMLIATa, KOUTO Ca OT OCHOBHO 3HaueHue
33 perynauuaTa Ha BoAHUA 6anac Mexzy CTpoMara Ha porouLiata
11 BBTPEOYHATa TEYHOCT B MPe/iHaTa Kamepa upe3 cBoATa bapuepHa u
nomneHa ¢yHKLyA, Npy onepawLmATa 3a KatapakTa (12).

Poropuuata cbwo Taka otmya u npu PPV, HesaBucumo ot
KaTapaKTa/HaTa onepauus, Tbii KaTo B 0YHaTa A6BAKA Ce NocTaBA
NHGY3MOHHA NMHIA, Npe3 KoATo HaBnu3a BSS (Balanced Salt Solution)
nog HanAraxe (06ukHoBeHo 0kono 30 mmHg), koeTo e fOMbAHUTENEH
(Tpec 3a eHpoTenHuTe KneTku. Mpn Hopma HeonepupaHm NaLyeHTy
(nenBa aa umat mexay 3000 — 2500 knetku/ kB. Mm (cells/mm2) B
3aBMCUMOCT OT Bb3pacTTa (13).

CpeHuAT Bpoil Ha eHJOTENHUTE KNETKN HaManABa C Bb3PacTTa, HO
npu CbCToAHNA KaTo AuctpodusTa Ha Oykc (Fuchs Endothelial Corneal
Dystrophy — FECD) 3arybata Ha KneTkn e 3HauiMTeNHO YCKopeHa.
Mpu FECD, nopagn HamaneHna 6poil Ha eHAOTeNHUTe KNeTKM, ce
HapyLUaBa perynauuaTa Ha 0CMOTUYHOTO HanAraHe B POroBULATa,
KOETO BOAM A0 OTOK 1 3ary6a Ha npo3pauHocT (14).

solidifying its status as the gold standard for diagnosing macular holes
(Table 3).

The diagnosis, based on the algorithm mentioned above, can be
summarized as the first stage. The second stage should cover other
highly specialized tests that are necessary for full preoperative
preparation, and these should be conducted at the medical facility
where the surgical procedure will be performed. The absence of some
of these tests does not necessarily limit the possibility of performing
the surgery.

Specular microscopy provides a quantitative assessment of the corneal
endothelial cells, which are crucial for requlating the fluid balance
between the corneal stroma and the intraocular fluid in the anterior
chamber through their barrier and pump functions during cataract
surgery (13).

The cornea also swells during PPV, regardless of the cataract surgery,
because an infusion line is placed in the eyeball, through which
Balanced Salt Solution (BSS) enters under pressure (typically around
30 mmHg), which is an additional stress on the endothelial cells. In
normal, non-operated patients, the number of endothelial cells
should range between 2500-3000 cells/mm?, depending on age (13).

The number of endothelial cells decreases with age, but in conditions
such as Fuchs endothelial corneal dystrophy (FECD), cell loss occurs
much more rapidly. In FECD, due to the reduced number of endothelial
cells, the regulation of osmotic pressure in the cornea is impaired,
leading to swelling and loss of transparency (14).

Optical biometry, compared to ultrasound, is the new gold standard for
lens selection and calculation. It consists of optical measurements of
axial length, anterior chamber depth, lens thickness, white-to-white
distance (from limbus to limbus), K1, K2, and AK. With specialized
software, additional parameters can be obtained, such as anterior and
posterior keratometry (TK1, TK2, ATK, TK).

After optical biometry, the formula for calculating the intraocular lens
is chosen. In this study, the Barrett Universal 2 TK formula was used,
which is considered one of the main modern formulas known for its
precision and optimization of lens A-constants, surpassing earlier
formulas. Trends for 2024 indicate that artificial intelligence will be
used in calculating and selecting intraocular lenses. This aspect of
biometry will undoubtedly continue to be explored and developed in
the coming years (15-17).

Corneal topography is recommended for patients with astigmatism
greater than 2 diopters, as these patients tend to have better visual
outcomes after the implantation of toric intraocular lenses.
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Table 3. OCT Images of Full-Thickness Macular Holes Preoperative and at Three Months Post-Operatively.

Third Month

e Y

OnTuyHata 6romeTpus, B CPaBHeHNe C yNTpa3BYKOBaTa, € HOBUAT Ultrasound or B-scan can clarify whether the posterior hyaloid is
3M1aTeH CTaHAAPT 3a orfef, NoAbop M U3UNCNABAHE HA BLTPEOYHA fully detached from the optic nerve head. This can sometimes be
newya. TA ce CbCTOM OT ONTUYHO U3MEpPBaHe Ha: akCManHa AbMKIHA, observed on OCT, in optical disc mode. Posterior vitreous detachment
ObnbounHa Ha npefHa kamepa, AebenvHa Ha newyata, 6ano go (PVD) is a key moment in the surgical procedure. In some patients,

6ano (pascroanneto ot numb mo numb), K1, K2, ak. Mpu Hanuune there is complete vitreous detachment, while in others, only macular
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Ha cneumanunpan coryep: TK1, TK2, aTK, TK (npeaHa u 3agHa
KepaTomeTpus).

(Cnepn onTnyHaTa bromeTpnA ce 3ajaBa Gopmyna 3a M34nCABaHe
Ha BbBTpeoYHM New. B HactoAwoto m3cnefpaHe ce w3nonsga
dopmynata Ha bapet ,Barrett universal 2 TK", koATo ce cuuTa 3a
€[1Ha OT OCHOBHUTE CbBPeMeHHU GOpMYNK, KOUTO MpeBb3X0KAaT
C MpeuyM3HOCT 1 ONTUMW3AUMA HAa A KOHCTAHTUTE Ha NelLuTe,
npeAwecrBawute rn. TeHaeHumute ot 2024 1. Ca HaBAM3aHe Ha
W3KYCTBEH WHTENEKT B U3YMCNABAHETO W NoAbopa Ha BLTPEOUHN
netw. To3n acnekT Ha 6UOMETpUATA HECbMHEHO 0CTaBa fa bbje
W3y4aBaH 1 pa3BuBaH B npeacToAwuTe rognHi (15,16,17).

PorouuHata TOI10Fpa¢l/lﬂ € MnpenopbynTesiHa nNpu nNauueHTn ¢
acTUrMaTu3bM Hapg 2 anontbpa. Te3n naupeHTn umart I'IO-,ﬂOﬁpI/I
3PUTENTHI PE3YNTaTU Cnef NOCTaBAHETO HA TOPUYHU BBTPEOUHU
newn.

YnTpassyk wnu b-ckaH Moxe Ja Jaje ACHOTa Janu 3ajHata
X1anouzes e HaMbJIHO OTAENEHA OT ANCKA Ha 3pUTENHMA HepB. ToBa
MOXe a ce cbbntoaaBa noHaKkora v Ha 0CT, B pexiM 3a U3cnefiBaHe
Ha onTuuHna auck. PVD (Posterior Vitreous Detachment) unu otnenane
Ha 3a/1Ha Xuanonzes oT 3aHNA NONIOC Ha OKOTO (LieHTpanHaTa yact
Ha peTuHaTa) e KMoYoB MOMEHT OT XUpyprilueckaTa MHTEpBeHLMA.
[pu YacT 0T NaLWeHTUTE UMaMe MHAHO OTAENAHE Ha CTHKNOBUAHO
TANO, NPY YT UMame OTAENAHe Camo 0T Makynata, 6e3 Ancka, a
Mpy Mo-Mankute AYNKW WM YacTUUHUTE JynKn CTHKAOBUAHOTO
TANO € BCe OLLe NPUKPeNneHo KbM MaKynata.

0T M3KNKUUTENHO 3HaueHue npu NauneHT 3a KOM6I/IHI/IpaHa
XUpypruA e n3cnefiBaHiATa ia e NpaBAT IByO4HO. ToBaHe camo 1aBa
nonpo6|-|a VIH(I)OpMaLlI/Iﬂ 3d MbJIHNA OY€H CTATYC Ha NALMEHTA, HO U
Nno3B0JIABa I'IO-}lOGpO NNaHNPAHE U MEHAXNPAHE Ha XMpypruyeckata
NHTEPBEHLNA.

B Tekcta no-gony e npenctaBeH nogpobHO anropuTbMBT 3a
NpoBeXAaHe Ha KOMOMHIMPaHa onepaLyA 3a KaTapakTa U MaKynHa
Aynka.

OnepauuATa ce npoBexAda C NOKanHa aHecte3na (peTpobynbapHa)
B KOMOUHALMA CbC celaLns 1 TONNKanHa aHecte3una. MauneHTsT ce
MoCTaBA Ha OnepaLOHHATa Maca, KaTo ce HaMeCTBa MOAXOAALLO,
Tbil Kato YAOOCTBOTO € OT U3KMKUUTENHO 3HaueHue npu
XUPYPrUYeCKU MHTEPBEHLMN, NPY KOUTO MALMEHTBT € B Cb3HaHMe 3a
npoabmkuTenHoct Mexay 50 u 100 munyTu. naBata moxe Aa 6bae
dUMKCMpaHa C NeHTa, TOBa Ce NpeLieHABA 3a BCeKN KOHKPETEH Cllyyail.
[TpesonepaTinBHO maumeHTHT e noynctea ¢ 0,25% noBMAOH-i0g,
nozCyLLIaBa ce 11 Ce NOCTaBA Xupypruyeckn apein. (e npeuuse
0TBOp B Apeiina ce noctaBA GnedapocTat, Kato npeaBapuUTENHO
umame noctaseH 0,5 ml nugokann B m. orbicularis oculi TemnopanHo,
3a 1la Hamanu auckomdopta ot bneapocrarta.

OnepauyATa 3a KaTapaKTa 3aBUCK OT TeXHUKATa Ha XUpYpra, Ho npu
KoMOUHVMpaHa onepauma CnefBame CleHUA anropuTbM: Npasi ce
CTPaHUYeH 0TBOP, MPU HEOOXOANUMOCT OT IOMbAHUTENHA MILPUa3a/
aHanresua ce NOCTaBA BbTPeKaMepeH MIAPUATUK B KoMOUHALMA C
aHanreTuk (Muapa). Mpu HeobxopuMOCT ce oLBeTABA MpefHaTa
neweHa kancyna ¢ 6arpuno (Trypan Blue Ophthalmic Solution
0,06% W/V), koeto ce npomuBa cnep 45 cekynau. Bbeexpa ce
BUCKOCYOCTaHLWA, MPI1 HANMUME HA CUHeXIM MEX [y pUca U NleLata
Ce OTCTPAHABAT C BUCKOAMCEKLIAA AW MeXaHuHo. [1paBu ce 0CHOBeH
0TBOP 2,4 mm B Tpu paBHUHK. OT M3KMKUMTENHO 3HaYeHWe e Aa

detachment occurs, with some smaller or partial macular holes still
having vitreous attachment to the macula.

All examinations in combined surgery patients must be performed
bilaterally. This not only provides detailed information about the
patient’s overall ocular status but also enables better planning and
management of the surgical procedure.

The following is a detailed algorithm for performing combined
cataract and macular hole surgery. The surgery is performed with
local anesthesia (retrobulbar) combined with sedation and topical
anesthesia. The patient is positioned on the operating table, with
special attention to comfort, as the procedure lasts between 50 to
100 minutes, during which the patient remains conscious. The head
may be fixed with tape, depending on the specific case. The patient
is cleaned with 0.25% povidone-iodine, dried, and a surgical drape
is applied. A blepharostat is placed through a precise opening in the
drape, after administering 0.5 mL of lidocaine to the orbicularis oculi
muscle temporally to reduce discomfort from the blepharostat.

(ataract surgery depends on the surgeon’s technique, but in a
combined operation, the following algorithm is followed: a side
incision is made, and if necessary, additional mydriasis/analgesia is
applied with an intracameral mydriatic combined with an analgesic
(Midran). If needed, the anterior capsular dye (Trypan Blue Ophthalmic
Solution 0.06%) is applied and rinsed after 45 seconds. A viscoelastic
substance is introduced, and if anterior synechiae between the
iris and lens are present, they are removed with viscodissection or
mechanically. A main incision of 2.4 mm is made in three planes.
Proper hermetic sealing of the incisions after cataract surgery is
essential, and a suitable intraocular lens (IOL) is selected for a 2.2 mm
injector, when possible (typically Gloop IOLs). The incisions should
ideally be 0.5 mm anterior to the limbus to ensure no fluid enters
beneath the conjunctiva, which could complicate trocar placement. If
such a complication occurs, drainage is mandatory.

Continued Surgery Description

Capsulorhexis is performed with a diameter of 5.5-5.8 mm, which is
1 mm smaller than the optic of most intraocular lenses, to keep the
lens stable after implantation and the injection of expanding gas. If
the capsulorhexis is larger, the gas bubble can push the lens into the
anterior chamber, especially due to pressure differences between the
anterior chamber and vitreous cavity during surgery. In cases of larger
or asymmetric capsulorhexis, a three-piece or plate haptic IOL can be
used, but many of these implants require a larger main incision.

Hydrodissection with lens rotation precedes the introduction of
ophthalmic viscoelastic device (OVD) toward the endothelium (soft
shell technique), aiming primarily to protect endothelial cells from
damage, as they have limited regenerative capacity (13).

Phacoemulsification can be performed using various techniques
depending on lens hardness, with minimal cumulative disruption
energy (CDE) being a priority. In most cases, the lens is softer and is
directly aspirated. Cortical material is aspirated using a coaxial cannula
through the mainincision. Polishing the anterior capsule and removing
epithelial cells play an important role in a smaller capsulorhexis. The
lens is implanted in a viscoelastic substance and positioned in the
capsular bag, after which the viscoelastic is aspirated. The final step is
ensuring the closure and hydration of the incisions. The main incision
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umame fobpa xepmeTu3auua Ha oTBOpUTE Cllef 3aBbPLUBAHE Ha
onepauuATa 3a KatapakTa, 3aToBa ce NoAbupa BLTPEOUHa MeLla,
NOAXOMALLA 33 MHXEKTOp 2,2 mm, KOrato TOBa € Bb3MOXKHO
(ocHoBHO paboTum ¢ c-loop I0Ls). XenatenHo e oTBopuTe Aa ObAaT
0,5 mm Hanpeg ot um6a, 3a Ja rapaHTUpame, Ye HAMa fa Bnese
TEYHOCT NOJ KOHIOHKTUBATA, KOETO 611 YCNIOMHINO NOCTaBAHETO Ha
TpoakapuTe. [Tpy HaCTbNBaHe Ha TaKOBa YCOXKHEHME 33 bIKUTENHO
(e NPaBy APEHaX.

/3BbpLuBa Ce Kancynopekcuc ¢ Anametsbp 5,5 — 5,8, ¢ T mm no-
MafTbK OT ONTMKATa Ha MOBEYETO BBLTPEOYHN MeLy, KOeTo Mma
33 Uen Ja AbpKM newata cTabunHa cneg MMMAAHTaUMATa u
NHXEKTUPaHeTO Ha eKCMaHAmMpaLy ras, Tbil KaTo MU MO-LUMPOK
PeKMC ra30BOTO Mexypue Moxe fAa U36yTa nelyata B npedHa
Kamepa, CbLLIOTO MOXe fia Ce CTyyn 1 N0 BpeMe Ha Xupypriyeckara
NHTEPBEHLMA OT Pa3NNKITe B HANATAHETO MeX Ay NpefHaTa kamepa
1 BUTPeanHaTa KyxuHa. lpn kancynopekcuc ¢ no-ronsam AnameTsp
WK aCUMETPUYEH MOXe Jia ce NoCTaBy Nelwa ,three piece” unm newwa
Tun ,plate haptic I0L", Ho ronAma yacT oT Te3| UMMNAHTY U3NCKBAT
10-ronAM 0CHOBEH 0TBOP.

Xuapoaucekuna ¢ poTalua Ha flelata npeaxoxaar NoCTaBAHETo Ha
ophthalmic viscoelastic device (OVD) B nocoka Kbm eHoTena (soft
shell technique), KoeTo UMa 0CHOBHa Lien [1a 3alLTaBa eHAOTENHUTE
KNIETKM OT YBPEX/aHe, Thil KaTo Te IMaT OrpaHuyeH pereHepaTuBHI
cnocobHocT (13).

DakoemyncudukaumaTa Moxe a 6bhe U3BbPLIEHA MO PasNNUHM
TeXHUKM B 3aBUCUMOCT OT TBHPAOCTTA Ha felwata, NpuopuTeT e Aa
ce u3non3ea mMuHumanHo Konuuecto (DE (cumulative disruption
energy). B noseueto Clyvau mpu Te3n mauweHTH felwata e mo-
MeKa 1 [NPEeKTHO ce acnupupa. KopTukanHute macu ce acnupupar
C KoaKCianeH HaKkoHeYHUK Mpe3 0CHOBHYA 0TBOP. BaxHa pona npu
MK KancynopeKkcuc MMa NofnpaHeTo Ha NpedHata Kancyna u
OTCTPAHABAHETO HA enuTeNHUTe KNeTKW. JleliaTa ce UMNAaHTMpa
BbB BUCKOCYOCTaHUMA 1 Ce MO3MLMOHMPA B (aka, Cfiefi KOeTo

Fig. 2. Intraoperative use of OCT during PPV for macular hole.

BUCKOCYOCTaHUMATA Ce OTCTpaHABa upe3 acnupaums. [locnegHa
(TbMKa e XepMeTM3aLmA 1 Xuapatauna Ha otBopute. llpoBepABame
OCHOBHWA OTBOP C MUKPOXUPYpriAYeH CMOHAX 3a ,leakage”, Tey,
HelbJHa XepMeTu3aLya.

(nefiga noctaBAHeTo Ha 3 6poA Tpoakapu 25 G Ha 3,5 mm ot umba,
CboTBeTHO Ha 10, 14 1 16 yaca, KouTo M3non3Bame 3a onepauma
Ha MakynHu aynku. [lpu xenaHue Ha xupypra Tpoakapute morat
Ja 6bJar nocTaBeH! 1 B HAYanoTo Ha onepauyATa, TOBa e yAauHo

is checked with a microsurgical sponge for leakage or incomplete
hermetic sealing.

Following this, three 25 G trocars are placed at 3.5 mm from the limbus,
at 10, 14, and 16 o'clock, respectively, used for macular hole surgery.
If the surgeon prefers, the trocars can be placed earlier, especially
in cases where the integrity of the lens capsule is in doubt or at risk.
The infusion line with 30 mmHg pressure is connected to the lower
temporal trocar (at 16 o‘clock). We continue by clearing the anterior
hyaloid from the posterior lens capsule using the surgical microscope
in the anterior segment mode. The lighting in the operating room
is then turned off, and we switch to posterior segment mode with
+90D and +120D indirect lenses, which, through an inverter, provide
magnification sufficient for working in the posterior segment.

The +90D lens offers a good image of the periphery and is used for
all steps except maculorhexis (macular peeling). For this, we use
the +120D lens, which provides the appropriate magnification for
detailed work on the central retina. The next step is core vitrectomy,
which involves removing the central vitreous body, followed by careful
inspection and localization of the posterior hyaloid and inducing PVD.
If necessary, uncertainty or lack of visibility can be addressed by using
triamcinolone for better structural marking of vitreous fibers or dye
for peeling, which serves as a canvas on the undetached vitreous body.
After detaching and cleaning the posterior hyaloid, the periphery is
examined and additional vitreous cleaning is performed.

Infusion is stopped, and dye is applied to stain the internal limiting
membrane (ILM) (Trypan blue 0.15% ophthalmic solution, Brilliant
Blue G), left for 120 seconds to ensure good staining. After turning on
the infusion, the dye is aspirated. The work mode is switched back to
the +120D lens to inspect the macula.

Intraoperative OCT (i0CT) provides detailed visualization of the macula
and is an additional tool for fine-tuning the maculorhexis (Fig. 2).
Maculorhexis begins at the temporal part, where the fibers of the
neurofibrillary layer (parafoveal) converge (Fig. 3).

Fig. 3. ILM peeling.

We used a patented highly specialized forceps with serrated tips, the
sharkskin IML forceps, which grasps the inner limiting membrane
at 85% of its thickness, allowing for atraumatic detachment. If
necessary, an additional instrument can be used to elevate the ILM.
We follow two main techniques: for holes smaller than 400 microns,
the inner limiting membrane is separated. For holes larger than 400
microns, a so-called inverted flap is created, where the ILM is turned
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npyu onepaumin CbC CbMHEHME 33 HapyLLeHa LANOCT Ha JleleHara
Kancyna unm KpueLuy TakbB puck. HQY3uoHHaTa IMHNA ¢ HanAraxe
30 mmHg ce BKntouBa B JONHO TeMMOpaHuA Tpoakap (Ha 16 yaca).
[lpoabmkaBame ¢ U3UUCTBAHE HA MPefHa Xvanoujes oOT 3ajHaTa
NelLieHa Kancyna, Bce OLue W3Non3Baiiki XUpypruyHua MUKpoCKon
B PeXM 3a npegeH cermeHT. Cnef ToBa OCBET/IEHMETO B 3anata (e
W3raca 1 e MHaBa KbM PEeXIAM 3aieH CerMeHT, upe3 nnathopma
€ +90 u +120 amonTPOBM UHONUPEKTHN NeLLy, KOUTO NOCPEACTBOM
WHBepTOp JaBaT yBenuuuTeneH obpas, foCTaTbueH 3a paboTa B
33/1eH CeTMeHT.

+90 auonTpoBaTa Nella AaBa Ao6bp 06pa3 v nepudepna u ce
U3MOM3Ba 3a BCMYKM CTHMKN 03 MWAMHra Ha Makynata, T.Hap.
Makynopekauc. 3a uenta usnonsBame +120 D, koATo pjaBa
MOAXOAALLOTO yBeNMYeHNe 3a ieTaiNHa paboTa Bbpxy LeHTpaNHaTa
obnact Ha petuHata. (nedpalata cTbnka e ,core vitrectomy”,
OTCTPAHABAHETO HA CPEANHHATA YacT Ha CTHKNOBMAHOTO TANO,
nocneiBaHo OT Mpeuu3eH OMej W NoKanu3auma Ha 3ajHa
X1anongea n MHAYLMpaHe Ha OTAENAHETO Ha CTHKMOBUAHOTO TANO

so that it covers the fovea. This can be done either as a full flap or
in small strips. It can also be performed under Decaline for better
control. In re-operations (when ILM is absent) and giant holes (over
850 microns), we can use human amniotic membrane and mechanical
foveal detachment via subretinal air injection, which releasesits edges
from the underlying tissue and reduces the overall size of the hole.
After the surgical technique is completed, the water/air exchange is
performed, and the retina is thoroughly dried. A repeat examination
of the periphery is done, as a larger visual field is available under
air. If necessary, risk areas and peripheral lesions are treated with
endolaser. At the end of the procedure, expanding gas is injected, and
the patient is carefully informed that flying and ascending to heights
above 1500 meters are prohibited while the gas bubble is visible.
The most commonly used gases in ophthalmic surgery are air, sulfur
hexafluoride (SF6), perfluoropropane (C3F8), and less commonly
perfluoroethane (C2F6) and perfluorobutane (C4F8). These gases have
expansion capacities, which determine how long the gas remains in
the eye (Table 4) (18).

Table 4. Physical characteristics of commonly used intraocular gases.

Number of Days in Which the Gas

Gas Expansion at 100% Concentration Usually Applied Concentration (%)

Remains in the Eye

Air 0 5-7

SF6 2 20 10-14
QF6 3.5 16 30-35
(3F8 4 12 55-65

OT peTMHaTa B 3ajjHaTa yact Ha okoto (PVD). Mpu Heobxogumocr,
HeCUrypHOCT WM NUNCA Ha BUM3yanu3auma Moxe fAa ce M3non3Bsa
TPUAMLMHONOH 3a N0-400p0 CTPYKTYPHO MapKpaHe Ha HULLKUTE Ha
CTHKNOBUAHOTO TAN0 AW 6arpunoTo 3a MUAMH, KOETO 3aCTaBa KaTo
MAaTHO BbPXY HEOTAENEHOTO CTHKNOBUAHO TANo. (nen oTaensHe u
W3UNCTBAHE Ha 3aiHa XMANoufen ce NPpaBu Ornes Ha nepudepus u
TaM [IOMbJHUTENHO Ce MOYMCTBA CTHKNOBUAHOTO TANo. Undy3uaTta
Ce Cnupa u ce noctaaA Oarpuno 3a OLBETABAHE HA BbTPELLHATa
numnTupaila Membpana (Trypan blue 0.15% ophthalmic solution,
Brilliant Blue G), octaBa ce 3a 120 cekyHau, 3a Aa rapaHTupame
A06po ouetABaHe. (ned BK/OUBaHe Ha UHGy3MATa barpunoto ce
acnupupa. MiHaBa ce Ha pexum Ha pabota ¢ +120 aunontpoBata
nelwa, 3a Aa Ce ornefa Makynara.

WuTpaonepatustoto OCT (i0CT) saBa noapobHa Bu3yanu3aums Ha
MaKynaTa u € e\ JOMbHUTENEH UHCTPYMEHT 3a NpeLu3mupaHe Ha
makynopekcuca (Our. 2).

MaKynopeKcucbT ce 3anoyBa OT TeMMopaHaTa YacT, TaM, KbAeTo ce
(bbUpaT BnakHaTa Ha HeBpodubpUnepHna cnoii (napaposeonapHo)
(Our. 3).

[3non3Bame nateHTOBaH BUCOKOCMELMAnA3MpaH MUHCET C Ha3bbeHu
Bpbxueta ,sharkskin IML forceps”, KoliTo 3axBalla BbTpeluHaTa
nMMUTMpalia MembpaHa B 85% oT AebenuHata 1 no3Bondga
aTpaBMaTUuHOTO i oTZenaHe. Mpu HeobXxoAuMOCT Moxe fJa ce
W3MOM3Ba M JOMbJHUTENEH WHCTPYMEHT 3a noBauraHe Ha ILM.
(negBame 2 ocHoBHM TexHuki. Mpu aynku, no-manku ot 400
MUKPOHa, Ce OTAens BbTpelUHaTa NMMuTMpawia MembpaHa. Mpu

The type and concentration of the gas are determined by the surgeon.
In the present study, SF6 and C3F8 were used. In re-operations and for
larger holes, silicone oil may be preferred. The surgery ends with the
removal of the trocars and lavage with Betadine (povidone-iodine). It
is recommended that the patient lie prone for the first 48 hours (19).
After 48 hours, the anatomical result can be assessed by OCT in some
patients.

RESULTS

The qualitative and quantitative results were followed in 20 patients,
14 males and 6 females, with an average age of 63.5 years. Anatomical
closure of the macular hole was observed in 100% of the patients
during OCT examination. The refractive results after cataract surgery
were excellent, with a minimal refractive error ranging from -0.25
to -0.50 diopters. The functional result can be assessed when the
gas bubble has partially resorbed and has crossed the midline.
Improvement in visual acuity was observed in all patients, although
some still reported subjective complaints even after the surgery. The
dynamics recorded during the follow-up visits showed a gradual
increase in visual acuity and the resolution of subjective complaints.
We can summarize that the anatomical result is detected the earliest.

Patients were followed up on the first and second day after surgery,
and signs of inflammation, changes in intraocular pressure, the status
of the scleral holes, the position of the implanted intraocular lens, the
state of the anterior chamber, and the cornea were monitored. No
complications were recorded during the postoperative period.
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Aynku Hap 400 M1KpOHa ce NpaBm T.Hap. ,00bpHaT dnan” uam ILM ce
00pblLa Taka, ue 1a Nokpue GoBeonata. ToBa MOXKe [1a CTaHe KaKTo
LANIOCTHO, Taka 1 Ha MKV NIeHTU. Bb3MOXHO € f1a ce U3BbpLLIN Noj
JAeKanuH, 3a no-fo6bp koHTpon. Mpu peonepauuy (Korato nMncea
ILM) v ruranTcki aynku (Hag 850 MMKpOHa) MoXKeM [ia M3non3Bame
YOBELLIKAa AMHUOTMYHA MeMOpPaHa  MEXaHUYHO OT/ENAHE Ha poBeaTa
upe3 cybpeTMHaNHa MHXEKUMA Ha Bb3JyX, KOeTo 0(B0OOOK/aBa
HeifHuTe Kpaulla OT MOANEXalllaTa TbKaH M HamansBa obwms

Visual acuity on the first day after surgery was lower, increasing by
10% on the first week, and reaching up to 42% at six months after
surgery.

All patients were followed up on the first and second weeks, and at
thefirst, second, third, and sixth months after surgery. Each follow-up
visit was accompanied by autorefractometry, tonometry, and visual
acuity testing using the ETDRS chart, Snellen chart, Amsler grid, and
OCT (Table 5).

Table 5. Average values of results presented in tabular form.

Visual Acuity
(Snellen Chart)

Metamorphopsias
(Amsler Grid)

Visual Acuity (EDTRS
Chart)

Preoperative 1.7 0.13 +++ 509.6 micrometers *
Week 1 12.87 0.15 ++ 100%
Week 2 33.12 0.43 ++ 100%
Month 1 36.8 0.48 + 100%
Month 3 40.48 0.53 - 100%
Month 6 032 0.55 - 100%

Anatomical Result (0CT)

*Average macular hole size preoperatively

pa3mep Ha aynkarta. (nej 3aBbpLUBaHE Ha XMpypriveckara TexHIka
ce npaBv 06MAHaTa BOA/ Bb3A1yX, PETUHATA (e NOACYLUABA HAMbJIHO.
MpaBu ce NOBTOPEH oOrfeA Ha nepudepnaATa, Tbil Kato NoA Bb3AYX
UMame MO-TONAMO 3PUTENHO Nofe, Npu HeobXOAUMOCT PUCKOBIA
30HM 1 nepudepHn ne3um ce 06paboTeart ¢ eHgonasep. B kpaa Ha
onepaLmATa ce MHXEKTUpA eKCNaHAMPaLY ra3, KaTo Ha MauyeHTa ce
00ACHABA BHMMATENHO, Ye e 3a6paHeHo NIETEHETO 1 3KauBaHeTO Ha
no-ronemu BucounHu ot 1500 m, JOKaTo BUX A ra30BOTO MeXypue.
Hait-uecto u3non3BaHuTe ra3ose B 0QTaNMONOrAYHATA XMPYprus ca
Bb3AYX, sulfur hexafluoride (SF6), perfluoropropane (C3F8), no-paako
ce u3non3at perfluoroethane (C2F6) u perfluorobutane (C4FS).
(nomeHaTnTe ra3oBe MMaT KanmauuTeT 3a paslwMpABaHe, Cnope
KOIATO Ce onpezens KoNKko Abaro ra3br octasa B okoto (Tabn. 4) (18).

BuobT n KoHUeHTpaumATa Ha rasa e npeweHsBat oT xupypra. B
HacToALLeTO NpoyyBaHe ca nnonsgauin SF6 n C3F8.

Mpu peonepauuuTe 1 No-roneMuTe Aynku MOXe f1a ce NpeanoyeTte
CUNMKOHOBO om0, OnepauysTa 3aBbpluBa C OTCTPaHABaHE Ha
TpoaKapuTe UNpoMuBKa CbeTaauH (NoBuaoH-iof). MpenopbumTenHo
e MaLMEeHTBT f1a IEXIA N0 Kopem MbpauTe 48 vaca (19).

Cnen 48 yaca npu yacT OT MauWeHTUTe MOXe Aa Ce U3CneABa
aHatomnyHuAT pesyntar upe3 0CT.

PE3YNITATH

KauecTBeHuTe 1 KonuuecTBeHN pe3yntaTi ca npocnefeHn npu 20 Ha
6poil nauwmeHTH, 0T KOUTO 14 MbXe 11 6 XKeH Ha CpeaiHa Bb3pacT 63,5
r. AHaTOMMYHO 3aTBapAHe Ha MaKynHaTa aynka npu nperneg ¢ 0CT
e yctaHoBeHo npu 100% ot naumeHTuTe. PedpakTuBHUTE pe3ynTatu
BCIECTBUE HA KaTapaKTafHaTa Xvpyprua (a OTAMYHM, NOCTUrHATa
e MUHUManHa pedpakTuBHa rpewka ot -0,25 go -0,50 Ach.
OYHKLOHANHMAT pe3ynTaT MoeM [a YCTaHOBIUM, KOTaTo ra30BUAT

DISCUSSION

The presented results show noticeable improvement in both the
anatomical and visual outcomes for the patients. The combined
approach is a good choice for a large number of patients, as the
recovery period is shortened. It significantly reduces surgical risk as
well as the risk of additional complications (20). From an economic
perspective, the advantages also favor the combined surgery, as the
overall costs related to hospitalization, operating room, medical staff,
and consumables are reduced (21).

The psychoemotional aspect is also of crucial importance, as
undergoing surgical treatment is already sufficiently stressful for the
patient.

According to the literature, both combined and two-stage surgeries
are safe and effective methods for treating macular holes and cataracts
(17). However, single-stage surgery surpasses two-stage surgery due
to significantly shorter procedure time and long-term maintenance of
high visual results.

For this type of surgical approach, the ophthalmic surgeon must
specialize in both cataract and vitreoretinal surgery to feel comfortable
and confident performing the entire surgical process in one stage. In
cases where this is not possible, the best solution is for the surgical
approach to be coordinated with a team of specialists.

According to Fowad Daud et al., there is no significant difference in
visual and refractive outcomes, or complications, between one-stage
and two-stage surgeries (22).

A challenge in applying the combined surgical approach in Bulgaria is
the lack of funding from the National Health Insurance Fund. This may
lead to reluctance among surgeons to choose the combined approach,
delays in treatment, or subjecting the patient to two separate
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MeXyp Uma 4aCTi4Ha p630p6L|l/IFI 1 € NpeMNHaN CpeAKHHATa JINHNA.
I'Io,u,o6peHV|e B 3pUTENHATA 0CTPOTa MMa NpU BCUYKW NaLUEHTH,
npu 4Yact o1 TAX Cy6EKTI/IBHVIT€ OnjlakBaHWA nepcucTupaT K
aien onepaumAta. [lnHamukara, koAto ce perncTpupa B XoAa Ha
KOHTpO/IHUTE Npernean, e nocteneHHo NoBuiliaBaHe Ha 3puTeJiHaTa
0CTpOoTa W OTnafiaHe Ha CyﬁEKTVIBHI/ITe onnakeaHuA. Moxem naa
060061LMM, ue Ha|7|-paHo (€ KOHCTATMPa aHaTOMUYHUAT Pe3ynTart.

MayueHTute ce npocnefABaT Ha MbpBU U BTOPU [eH Clef
onepaunATa, CieiumM 3a NpPU3HALW Ha Bb3NaneHue, NpoMeHn B
HaNnAraHeTo, CbCTOAHMETO Ha CKNEPHWUTE OTBOPK, MONOXEHNETO
Ha UMNJaHTUPaHaTa BbTPeOoYHa Jellla, CbCTOAHWETO Ha NpeJiHaTa
Kamepa 11 poroBiLiaTa. YCNOXHEHNA He (a perucTpupaHin B Xofa Ha
nocTonepaTuBHNUA nepuom.

3puTenHata oCTpoTa B MbpBMA AeH Clef onepaunaTa e no-HuCKa u
ce nokausa ¢ 10% Ha mbpBa ceiMuLa OT onepauuaTa, ¢ o 42% Ha
LUeCTM Mecell Cnef onepauiATa.

Bcvuki maumeHTi ce npocneAqABaT Ha MbpBa M BTOpA CeAMULA,
MbPBY, BTOPY, TPETA W LWEeCTU Mecel cnef onepauuata. Bceku
KOHTpONeH npernef € CbMbTCTBAH OT aBTOPedpaKTOMeETpus,
TOHOMETPKS, U3CNefiBaHe Ha 3puTeNHa ocTpoTa upe3 ETDRS Tabnuua,
Snellen, pewetka Ha Amsler n OCT (Tabn. 5).

IUCKYCHS

0T npeAcTaBeHuTe pe3ynTaTl € BUAUMO NOA0OPEHNe B aHATOMUYHIA
W 3puTeNeH pe3ynTar Ha nauweHTute. KombuHUpaHWAT noaxon e
L06Bp 1360p 3a ronAma yacT oT NaLNeHTUTe, Bb3CTaHOBUTEHUAT
nepuos (e CbKpaljaBa. 3HAuMTeNHO HaManABa XMpypruvHUAT
PUCK, KAaKTO W PUCKLT OT JOMbAHUTENHM ycnoxHeHna (20). Ot
NKOHOMMYECKa MefHa Touka MpeduMcTBaTa CbLo (@ B Mo3a
Ha KOMOWHMpaHaTa omepauyd, HamandAgat ce ofwuTe pasxopw,
(BbP3aHM C XOCMUTanW3auusA, OnepaTvBHA 3ama, MeAULMHCKN
NepCoHan v U3non3BaHuTe KOHCymaTugm (21).

OT K/I0YOBO 3HAueHWe € 1 MCUXOEMOLMOHANHUAT MOMEHT,
MOA1/IaraHeTo Ha OMepaTIBHO NIeYeHiNe e J0CTaTbYHO CTPECMPaLLO 33
navyeHTa.

Ako ce mo30Bem Ha NuTepaTypaTta, KakTo KOMOWHMpaHUTE, Taka
W [BYyeTanHuTe onepauum ca 6e3onacHn U edpeKTUBHN METOAN 3a
NleyeHe Ha MaKynHa Aynka u KatapakTa (17). Ho egHoeTanHata
onepauna NpeBb3X0X/a AABYeTanHaTa CbC 3HAUUTENHO NO-KPATKOTO
BPEME 11 IbArOCPOUHOTO 331 bPXKaHe Ha BUCOKIA 3pUTENEH PE3YNTaT.

M1 T0311 TMN ONepaTMBeH MOAX0Z e HeobXoANUMOo odTanmMoXUpyprsT
[a e (Meuvanu3upaH KakTo B KaTapakTanHata, Taka U BbB
BUTPEOpeTHHANHATa XMpYpria, 3a Ja Ce YyBCTBa KOMQOPTHO U
CMTYPHO, U3BbPLUBAIKIA QM ONepaTUBHIA NpoLeC efHoeTanHo. B
UlyyauTe, KOraTo T0Ba He @ Bb3MOXHO, Hail-[06poTo pelueHue e
onepaTUBHUAT NOAX0J Aa Obfle CbrnacyBaH C eKun 0T CeLyanucTy.

(nopen Fowad Daud et al. HAma 3HauMma pa3nuka B 3pUTENHUTE U
pedpaKTUBHI Pe3yNTaTil U YCIOXHEHINA NPY €HO- UK ABYETaNHUTE
onepauum (22).

Mpean3BUKaTENCTBO  NPU  MPUNAraHeTo Ha  KOMOWHMPaHA
onepaTuBeH nofxod B bbarapus e nuncata Ha QUHaHcUpaHe OT
3ppaBHaTa Kaca. ToBa MOXe Ja i0Befie 0 HeXeNnaHue oT CTpaHa
Ha Xupyp3uTe Aa n361upaT KOMOUHMUPAHNA NOAX0A, A0 3a6aBAHe Ha
NeyeHNeTo M NoANaraHe HanaLyMeHTaHa ABE OTAENHNMHTEPBEHLMH,
KOeTO YBeNnuaBa pucka OT YCIOKHEHNA 1 AOMBAHUTENHI Pa3XOaM.

interventions, which increases the risk of complications and additional
costs. The issue of developing future strategies to address the financial
aspect remains open, which could lead to greater interest in the
combined approach and optimization of visual outcomes for patients.

CONCLUSION

The results confirm the effectiveness of the combined surgery,
which offers advantages compared to two-stage surgery in terms of
visual outcome, anatomical recovery, as well as patient comfort and
quality of life. Despite the positive results, for combined surgery to
be practically applicable in Bulgaria, a change in healthcare policy
is needed. The lack of adequate funding limits patients’ access to
treatment and disadvantages healthcare institutions performing this
unique surgery, which is recognized in Europe and worldwide.
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