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[naykoma 6bina v OCTagTcs akTyanbHelwen npobaemoit B oprasbmonornn. OHa xapaKTepusyeTca noBblleHWeM BHYTPUIIA3HOrO gasneHus (BrA),
CHWXXEHWEM MOIA 3peHNUs U aTpodueit 3pUTeNbHOTO Hepea. HeCMOTpPA Ha onpeaenéHHbIe YCnexu B AWArHOCTUKE U Ie4eHnn 3aboneBaHus, OT mayko-
Mbl BCE eLé CTPaAaloT MUAAMOHbI (Ha CeroAHAWHMUI AeHb No AaHHbIM BO3 B mupe HacuuTbiBaeTca 6onee 106 MUANMOHOB Y€IOBEK), U MHOTME Ma-
LIMeHTbI 06paLLatoTCa yiKe Ha NO3AHUX CTaausAX. bonesoii CMHAPOM, KOTOPbIN MPUCOEAMHAETCA Y YAacTU BOMbHbIX, MHOTAA BbIHYXKAAET Bpavel yaanaTb
rnas. B cBA3u ¢ 3TMM, Bbin BHEAPEH PAA, TaK Ha3bIBaEMbIX, OPraHOCOXPAHAIOLLMX ONEPALIMIA, LENblo KOTOPbIX ABASAETCA CHUXKEHUE NPOAYKLMUM BHY-
TpWrnasHoii kuakoctu (BMrK) u, cootBeTcTBEHHO, yCTpaHeHWe 601eBOro cMHAPOMA. JleYeHMe MayKoMbl BKAKOYAET KOHCEPBATUBHbIE U XUPYPrUYeckue
BMeLLaTeNbCcTBa. XMPYprudeckre MeToabl Npu r1ayKoMe HanpasaeHbl Ha yydileHne oTToka BMK (ducTynausupyiolive onepawumm) uam Ha CHuKeHue
eé NpoayKUMK (LLUKNOLECTPYKTUBHbIE BMELLATENbCTBA). B AaHHOM cTaTbe roBOpUTCA 06 3BOOLIMM OMEPATUBHbIX BMELLATE/NbCTB, HaNpPaB/IEHHbIX Ha
CHUXXEHMe NpoayKumu B nyTém paspylieHus LuamapHbIX OTPOCTKOB. Mbl BbINOAHWAM NOUCK cTaTeit B 6a3e AaHHbIX Google Scholar Database,
Pubmed, Web of Science, Cyberleninka n Cochrane Library, ony6ankosaHHbix 5o 2020 roga, UCNonb3ys KAtOYeBble C10Ba, KOTOPbIE OTHOCATCA K Liu-
Knogectpykumu (LLA), umknodotokoaryaaumum (LUPK) u neveHmnio pedpartepHoit raykombl (PT).
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Glaucoma remains a significant problem in ophthalmology. It is characterised by increased intraocular pressure (IOP), visual field loss, and optic nerve
degeneration. Despite some progress achieved in the diagnosis and treatment of the disease, millions still suffer from glaucoma (currently, according
to WHO, there are more than 106 million people globally), and many patients are already in the later stages. The accompanying pain syndrome
sometimes forces doctors to remove the eye. In this regard, several so-called organ-preserving operations were introduced, the purpose of which is to
reduce the production of intraocular fluid (IOF) and, accordingly, eliminate the pain syndrome. Glaucoma treatment includes conservative and surgical
interventions. Surgical methods for glaucoma treatment aim to improve the outflow of intraocular fluid (fistulising operations) or reduce its production
(cyclodestructive procedures). This paper analyses the evolution of surgical interventions to reduce intraocular fluid production by destroying the
aqueous humour-producing ciliary processes. Systematic review searches were performed using Google Scholar, Pubmed, Web of Science, Cyberleninka,
and Cochrane Library databases for articles published up to 2020 using keywords related to cyclodestruction (CD), cyclophotocoagulation (CPC), and
treatment of refractory glaucoma (RG).
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BBEOEHMUE INTRODUCTION

Nevenne pedpaktepHoi raykombl (Pl) ocTaérca ogHOM U3 He- Treatment of refractory glaucoma (RG) remains one of the

peLwéHHbIX Npobiem B 0GTanbMONOMMM U3-33 HELOCTAaTOUHOM 3P dek-
TUBHOCTW CTaHAAPTHbIX METOAOB JIEYEHUA, KaK MeAMKAaMEHTO3HbIX,
TaK 1 xupypruyeckux. K Pl oTHocATcA HEOAHOKPATHO onepupoBaHHas
TAayKOMa, raykoma B adbakMYHOM M apTMdaKMYHOM a3y, a Takxke
HeoBacKynapHasa rnaykoma [1, 2]. HaunHas ¢ 1930 rogos, nossuacs
HOBbI METOA NIeYeHUA, 3aK/YAOWMIACA B AECTPYKLUM LIUANAPHO-
ro Tena — UMKnogecTpykuma (L), Kotopbli cTan meTogom Bbibopa y
TaKWX NaLMEHTOB AN CHUMKEHWA BHYTPUIA3HOMO fasneHus (BIA) u
YMeHbLUEHWUA NpOrpeccupoBaHua rnaykombl. Llenb LU 3akntovaeTcs
B BbIGOPOUHOM YHUUTONKEHWUM INUTENNA LUAUAPHBIX OTpOCTKoB (LLO),
4TO NPUBOAUT K YMEHbLUEHUIO, HO HE MNpPeKpaLLleHWio BbIPaboTKM

unsolved problems in ophthalmology due to the lack of effective-
ness of standard treatment methods, both medical and surgical.
RG includes repeatedly operated glaucoma, glaucoma in aphakic
and pseudophakic eyes, and neovascular glaucoma [1, 2]. Since
the 1930s, a new treatment for the destruction of the ciliary
body, cyclodestruction (CD), became the treatment of choice in
these patients to lower intraocular pressure (IOP) and reduce the
progression of glaucoma. The goal of CD is to selectively destroy
the ciliary process (CP) epithelium, which leads to a decrease, but
not a cessation of intraocular fluid (IOF) production, thereby pre-
venting the progression of glaucoma [3, 4]. Over the past 70-80
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BHYTPUINa3HOW *Kuakoctu (BMXK), Tem cambim npeaoTspallias npo-
rpeccupoBaHue rnaykombl [3, 4]. 3a nocnesHue 70-80 neT B NoMcKax
HOBbIX WM YAYYLIEHHbIX MOAEPHM3MPOBAHHbLIX ONEpaLMi, KoTopble
BK/II0YALOT B0/1e€ TOUHYIO POKYCMPOBKY HaNpPaBNEHWS SHEPTUMN U, TEM
CaMbIM, CHUKAOT MOBPEXKAEHME OKPYKAOLMX TKAHEW U nocieone-
PALMOHHBIX OC/IOKHEHUW, YYEHBIMU BbIIO NPEL/IOKEHO HECKONbKO
BUAOB LMKNOAECTPYKTMBHBIX onepauui [5]. Ve B 1933-1936 rrT. B
NNeYeHUU T1aYKOMbl NPUMEHANACh NPOHUKAIOWAA U HENPOHMKatoLWanA
LMKNOAMATEPMUA, NMPU KOTOPOI NPOBOAMAACE KOAryaaumMa Luanap-
Horo Tena (LT) ¢ nomolubto aneKTpuyeckoro Toka [6, 7]. Mpu atom
HOpManu3auma AaBAeHnA Habadanach Tonbko y 14,7% 60NbHbIX, Y
26,5% naupeHToB B 6b110 Ha cTaguu cybkomneHcaumu, a B 4 (5,9%)
CNy4yanx oTMeYanacb runotoHua (ApxaHrenbckuii BH, 1964). OgHako
pa3iMyHble uccnepoBaHmMA, Kotopble nposoauance B 40-50-x rogax
NPOLLIOTO BEKA NOKa3a/u, YTo uuknoamatepmokoarynauma (LLATK) He
6e30nacHa U UMEET MHOKECTBO OC/IOKHEHWI, BKNIOYAsA HEKPO3 TKa-
HeW rnasa u cybatpoduto rnasHoro abaoka. MNa gaHHbIM lonbadenbaa
HI (1958) YacToTa OCNOKHEHMI MOXKET BapbUpoBaTb oT 16% a0 42%.
Tak, oTCnoMKa cocyamncToit obonoukm Habnoganack 8 17,7% cnyyaes,
y 10,3% naupeHTOoB OTMeYanca npnaoumknut, y 11,8% — sbinageHue
pagy*How obonouku [8-10].

Byeti G B 1950 roay ana cHuxKeHuA npogykuumn BIK npeanoxun
MCMO/Ib30BaHME TEXHUKM 0OMOPOXKEHNSA — KPMOZECTPYKLIMIO, KOTOpast
TMCTONOMMYECKM YHUYTOXKAET LMAMAPHbIE OTPOCTKU, KanuAnapbl Lm-
NMAPHOTO TeNa, YTO, B CBOK OYEPEeb, YMEHBLLAET LMPKYAALMIO KPOBU
B LMIMAPHOM TeNe 1 COOTBETCTBEHHO CHUMKAET NpoAyKLumio BMK [12,
13]. Uunknokpuokoarynauma (LKK) cHuxkana Br 6onee apdektmsHoO
M Bblna MeHee TpaBMaTUYHaA. Pe3ynbTaTbl SKCMEPUMEHTANbHBIX UC-
CNefoBaHUIM MOCAYKUAN OCHOBOWM ANA KAMHMYECKOTO MPUMEHEHUA
KpMOZEeCTPYKLMM LmamapHoro Tena. Bietti G otmeTnn xopouyto nepe-
HOCMMOCTb Onepauun naumeHTamu. OQHAKO CTOMKas KoMMeHcaums
Bl 6bina fOCTMrHYTa ToNbKO Y 16 13 21 nauueHTa (76,2%). Mockonb-
Ky KpMoaecTpyKuma bbina Gonee unm meHee npeackasyemoit v Bbl-
3bIBa/Ia MEHbLLE OC/MIOXKHEHUI, YEM MEHETPUPYIOLLAA LyKAoAMaTep-
MUA (YacToTa OCNOMKHEHUI MeHee 12%) OHa BbITECHMAA NOCNEAHION
TEXHWKY. HO, HECMOTPSA Ha 3TO, B NOCAEAYOWMX UCCAEA0BAHUAX, OC-
noxHenua nocne LKK 6bin BbiABAEHbI MHOTUMM aBTopamu. Cpeau
HuX yBeuTbl (11,9%), yBennueHne 60neBoro cMHAPOMa (NpPaKTUYecku
BO BCEX C/ly4anx NPUCYTCTBOBaN 60NeBOW CUHAPOM), NOABLIBUX XPY-
CTanuKa (3,7%), rudema (10,2%) 1 runotoHus (12%) ¢ nocnepytouien
cybatpoduelt masHoro s610Ka (KOTOpyto NPaKTUYECKM Henb3s npe-
[OTBPATUTL). BCE 3TO BbIHYAMNO YYEHBIX UCKaTb Honee onTMmMasbHble
BapMWaHTbl SIe4eHns y 6ONbHbIX C NOCAeaHel CTaauen rmaykombl [11-
14]. No3aTomy AaHHbI METOA OCTaBaNCA Pe3epBHbIM Noce Heapek-
TUBHOW GUCTYIM3MPYIOLLEN OnepaLmy.

CnegylowMm 3Tanom MO YCOBEPLUEHCTBOBAHWUIO KPUOFEHHO-
ro Metoga bblin MccnefoBaHUA, HanpaBaeHHblE Ha ONTUMM3ALMIO
TexHonoruu ¢ 6onee 060CHOBaHHLIM BbIGOPOM TEMMEPATYPHLIX pe-
MMOB M 3Kcnosuumm [15]. Bbino AoKasaHo, YTO MCMONb30BaHMe
cBepxHM3KMX Temnepatyp (ot -100 ao -180°C) MmeeT oyeBuAHble
NnpevMmyLLEecTBa nepes ymepeHHo HU3KMMK Temnepatypamu (ot -70
£0 -80°C) ¢ po3MpoBaHMEM 30Hbl U YMEHbLEHWEM BPEMEHU BO3-
[LeNCcTBmMA, Tak Kak Npy 3TOM npoucxoaut AsyxdasHoe obpa3oBaHue
BHYTPMKNETOYHOTO KpucTania. B nepBoi ¢pase ObICTPOro 3amopaku-
BaHMA 006pasyoTca Masible BHYTPUKNETOYHbIE KPUCTaA/Ibl, KOTOpble
camm no cebe He ABNAIOTCA ryOUTENbHBIMU 41 KNETOK, HO Npu Mea-
JIEHHOM Pa3MOpaXKMBaHWM 06pasytoTca bosiee KpynHble KPUCTabI,
KOTOpble ABASIOTCA AECTPYKTUBHBIMU 415 KAETOK LMAMAPHOrO Tena.
Mo mepe HaKoM/JIEHMA OMbITa UCMONb30BAHWUA CBEPXHU3KUX Temne-
paTyp MHOTVMM aBTOPaMM BbIAB/EHbI U cneunduIeckme HefoCTaTku
METOAMKM: B paHHEM NOC/eonepaLyOHHOM Neproae BO BCEX CyYanX
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years, in developing novel surgical techniques that include a more
precise direction of energy and thereby reducing the damage to
surrounding tissues and postoperative complications, scientists
have proposed several types of cyclodestructive procedures [5].
Back in the 30s, penetrating and non-penetrating cyclodiathermy
already was used, in which the ciliary body (CB) was coagulated
using electric current [6, 7]. At the same time, normalisation of
pressure was observed only in 14.7% of patients. Furthermore,
in 26.5% of patients, the stage of IOP subcompensation was ob-
served, and in 4 (5.9%) cases, hypotension was noted (Arkhan-
gelsky VN, 1964). However, various studies conducted in the
40-the 50s of the last century showed that cyclodiathermocoagu-
lation is unsafe and has many complications, including eye tissue
necrosis and phthisis bulbi. According to Goldfeld NG (1958), the
complication rate can vary from 16% to 42%. Thus, choroidal de-
tachment was observed in 17.7% of cases, iridocyclitis 10.3%, and
prolapse of the iris in 11.8% of patients [8-10].

Byeti G in 1950 proposed a controlled frostbite technique
— cryodestruction, which destroys the ciliary processes and its
capillaries, which, in turn, reduces blood circulation in the ciliary
body and, accordingly, reduces the production of IOF [12, 13].
Cyclocryocoagulation (CCC) reduced IOP more effectively and was
less traumatic. The results of experimental studies served as the
basis for the clinical application of cryodestruction of the ciliary
body. Bietti G noted the excellent patient tolerance of the pro-
cedure. However, stable IOP compensation was achieved only in
16 out of 21 patients (76.2%). Therefore, it supplanted the latter
technique because cryodestruction was more predictable and
caused fewer complications than penetrating cyclodiathermy
(less than 12% complication rate), it supplanted the latter tech-
nique. However, in subsequent studies, complications after CCC
were highlighted by many authors. Among complications are uve-
itis (11.9%), an increase in pain (the pain was present in almost all
cases), lens subluxation (3.7%), hyphema (10.2%) and hypoten-
sion (12%), followed by phthisis bulbi (which is almost impossible
to prevent). This forced scientists to look for more appropriate
treatment options in patients with the end-stage of glaucoma
[11-14]. Therefore, this method remained a backup one after a
fistulising surgery failure.

The next step in improving the cryogenic techniques was
research aimed at optimising the technology with more reason-
able temperature regimes and exposure [15]. It has been proven
that the use of ultra-low temperatures (from -100 to -180°C) has
apparent advantages over moderately low temperatures (from
-70 to -80°C) with the zone adjusting and a decrease in exposure
time since this results in a two-phase intracellular crystal forma-
tion. In the first phase of rapid freezing, tiny intracellular crystals
are formed, which in themselves are not destructive to cells. Still,
larger crystals are formed during slow thawing, damaging ciliary
body cells. However, with gained experience in the application
of ultra-low temperatures, many authors also identified specific
limitations of the technique: in the early postoperative period, in
all cases (85.3%), there was an inflammatory reaction, often with
the anterior chamber fibrin deposition(84.9%), systematic devel-
opment of hyphema in more than 50% of patients.

In some cases, persistent hypotension (12.4%) with further
development of subatrophic (10.7%) and phthisis bulbi (9.5%)
were observed. Cryogenic methods are still widely used in vit-
reoretinal surgery despite possible complications. Some authors
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(85,3%) umena mecto BocnanuTenbHas peakLms, 3a4acTyHo ¢ Bbinaje-
Huem dnbpuHa (84,9%) B NnepeHIO0 KaMepy, YacToe pas3BuTUe rude-
Mbl, 6onee yem y 50% naumeHToB. B psAae cly4aes BbisiB/ieHa CTOMKan
runotoHus (12,4%) ¢ panbHelwmm passutuem cybatpodum (10,7%)
bT1M3Kca rasHoro abnoka (9,5%). HecmoTps Ha BbllleyKasaHHble BO3-
MOXHble OC/OXHEHWSA, KPUOTEHHbIE METOApI U CErOAHA HaXOAAT LWK-
pOKOe MpUMeHEHWE B BUTPEOPETUHANBHON XMpYprun. B oTaenbHbIX
paboTax yKasbiBaeTcA Ha 6aaronpuaATHbIe Pe3yNbTaThl MPU COYETAHUU
KPUOTEHHBIX W ly4eBbIX METOZLOB LIMKNOAECTPYKLMM NPU HEOBACKY-
NApHoI rnaykome [13-16].

ChOKyCMpPOBaHHbIW YNbTPA3BYK BbICOKOW MHTEHCMBHOCTM, pas-
paboTaHHbIi B 1950 rogy Fry W, — ewwé oguH cnocob Koarynauum um-
JIMApPHbIX OTPOCTKOB. HO, B CBA3M C TeM, YTO AaHHbI MeToZ, BbI3blBa
MCTOHYEHME CKNEePbl HA MECTe annnMKaLumm (YacToToi ot 17% po 62%)
W [3/IbHENLLYIO 3KTa3WIO CKNepbl C NOCAEAYIOWMM CHUMKEHUEM 3pe-
HUWA, OT HEro OTKasanuch. Mcnonb3oBaHWe KPyroBoW yabTPa3ByKOBOM
LMKNOLECTPYKLMM [0 CUX Nop usyyaeTca [17, 18].

B 1961 roay Weekers R ana Koarynaumm LMANAPHOTO Tena uc-
No/1b30Ba KCEHOHOBYIO Ayry (n1yy), a B 1969 roay Smith v Stein 06Ha-
PYKW/K, YTO Nasep Ha UTTPUIA-aNFOMUHUMEBOM rpaHaTe ¢ HEOAUMOM
(Nd:YAG) mosKeT BbITb MCNONBb30BaH ANA TPAHCCKAEPATIbHON LUKAO-
dotokoarynaumm (TC LLPK). Backman H B 1972 roay npomssén TC DK,
BMEepBble UCMONb3yA PYOMHOBbIM UCTOYHUK AN nasepa. M3 nocneny-
toLLMX ny6amKaLmii cTano ussectHo, yto Nd:YAG nasep 6onee apdek-
TMBEH, Yem pybuHoBbINA. Mo3xe ana LUPK ctanm ncnonb3osaTtbea apro-
HoBbI (1954) u anoaHbiv (1961) nasepsi [19, 20].

Mopaya nasepHoli sHeprum Bo Bpems LIOK ocywiectensertcs Tpe-
M NYTAMM: Yepes 3padok — TpaHcnynuanapHan UK (TALDK); yepes
CKnepy — TpaHccknepanbHaa LK, koTopas, B CBOIO ouepesib, MOXKET
ObITb KaK KOHTAKTHOW, TaK U BECKOHTAKTHOM; aHAOCKONMYecKan LK
(3UDK).

TpancnynunnapHasa L®K

[HaHHbii meTog, UPK npeacraBnseT cobolt Koarynaumio umamap-
HOro Tena nyTém BO3AENCTBUA aproH-1a3epHoro Ny4a AJMHOMN BOJHbI
647 HM Yepes 3payoK Ha BUAMMble obnacTu unavapHoro tena. Knu-
HUYecKoe NpUMeHEHMEe AaHHOTO MeToZa bbl10 OrpaHMYEHO, NOTOMY
4To ANA NpoBeaeHUs GOTOKOAryAALMM LMapHbIX OTPOCTKOB Tpebo-
Ba/lOCb NOJIHOE PacLUMpeHne 3payka. HegocTaTkom gaHHOro MeToaa
6b1710 TO, YTO €0 MOXKHO NPUMEHATb He Bcem B0/bHbIM, @ BbI6GOpOY-
HO — 60/1IbHBIM C aHUPUAMEN, @ TaKKe BO/bHBIM, Y KOTOPbIX PaayKKa
CMelLeHa Bnepén, BCIeACTBUE MOJHbIX NEPEAHUX CUHEXMI, U TONBKO
TOrAa, Korga MeAMKaMeHTO3HbIE U ApyrMe XMpypruyeckue onepawum
6bin HeapdekTMBHbI [21, 22]. TAUPK y yacTu 60nbHbIX Bbina Hey-
Z06Ha B UCMONb30BaHMM, TaK KaK /15 3T0 TpeboBanvCh MakCMMasbHO
LUMPOKUI 3payoK 1 NPsSIMasn 3puTesibHasn ocb. BA0OaBOK, KIMHUYECKME
nccnefoBaHUA NoKasanu, YTo aproH-nasepHas LIOK okasanacb He-
npegackasyemoit. Tak, Shields MB ony6a1KkoBan pesynbTaTbl iedeHuns
27 nauuneHToB, KOTopbIM Bbina BbinonHeHa TMNLMK aproHosbim nase-
pom. Cpeay HUX TONbKO Y 6 naLmeHToB (22,3%) oTMeYancs Nonoxu-
TeNbHbIN pe3ynbTat. MocTeneHHoe ycToiymMBoe nosbiweHune BIA 3a-
PErncTprMpPOBanoCh Y MHOTMX 6ONbHBIX, KOTOpbIM NpoBoauan TMNLDK
[22].

TpaHccknepanbHaa L®K

Mpu TC UPK nasepHbiit ayd (Nd:YAG nasep unu anoaHsiit na-
3ep) nepesaeTca Yepes CKAepy M NOIOLAETCA MeNaHUHOM, KOTO-
pbIi HAXOAWTCA B INUTENIUM LUNNAPHBIX OTPOCTKOB, TEM CaMblM, Bbl-
3blBan CENEKTUBHYH TEPMUYECKYIO KOAryNALMIO TKaHEW LMANapHOro
Tena [23].

indicate favourable results with a combination of cryogenic and
radiation techniques of cyclodestruction in neovascular glauco-
ma [13-16]. In the 1950s, focused US was employed for brain
therapy through a soft tissue window by Fry W for the first time.
In 1985, Coleman et al first described high intensity focused ul-
trasound (HIFU) for cyclodestruction. Nevertheless, it was aban-
doned since this method caused thinning of the sclera at the
application site (with a frequency of 17% to 62%) and further
development of scleral ectasia, followed by vision loss. Never-
theless, ultrasound circular cyclophotocoagulation is still being
studied [17, 18].

Weekers et al in 1961 used xenon arc photocoagulation
over the ciliary body. In 1969, Smith and Stein discovered that
the neodymium-doped yttrium aluminium garnet (Nd:YAG) laser
could be used for transscleral cyclophotocoagulation (TSCPC).
Backman H produced the TSCPC in 1972, the first to use a ruby
laser source. From subsequent publications, it became known
that the Nd:YAG laser is more efficient than the ruby one. Later,
argon (1954) and diode (1961) lasers began to be used for CPC
[19, 20].

The supply of laser energy during the CFC is carried out
in three ways: through the pupil — transpupillary CPC (TPCPC);
through the sclera — transscleral CPC, which, in turn, can be both
contact and non-contact; and endoscopic CPC (ECPC).

Transpupillary CPC

This CPC method is a coagulation of the ciliary body by
exposure to an argon laser beam with a wavelength of 647 nm
through the pupil on the visible areas of the ciliary body. This
technique was of limited clinical use because ciliary process pho-
tocoagulation required full pupillary dilation. The disadvantage of
this method was that it could not be applied to all patients, but
selectively — to patients with aniridia, as well as patients in whom
the iris is shifted forward due to complete anterior synechia, and
only when therapeutic and other surgical methods were ineffec-
tive [21, 22]. Furthermore, TPCPC in some patients was poorly
adapted for use since it required maximal pupillary dilation and
a clear visual axis. In addition, clinical studies have shown that
argon laser CPC application had unpredictable outcomes. Thus,
according to Shields MB published treatment results of 27 pa-
tients who underwent TPCTC with an argon laser, only 6 patients
(22.3%) had a positive outcome. However, a gradual, steady in-
crease in IOP was observed in many patients who underwent TP-
CPC [22].

Transscleral CPC

In TSCPC, a laser beam (Nd:YAG or diode lasers) is transmit-
ted through the sclera and absorbed by melanin, which is located
in the epithelium of the ciliary processes, thereby causing selec-
tive thermal coagulation of the tissues of the ciliary body [23].

Transscleral non-contact Nd:YAG laser CPC

In the 70s and 80s, the Nd:YAG laser became the method of
choice for CPC due to its ability to penetrate the sclera with no
apparent damage [22]. Transscleral non-contact Nd:YAG laser CPC
was used instead of CDT and CCC for a long time. When used in
500 patients, an increase in I0P, postoperative pain and inflam-
mation were observed less frequently in the postoperative peri-
od. These findings stated that the laser has more precise focusing
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TpaHccKnepanbHaa 6eckoHTakTHaA Nd:YAG nasepHas

LUeK

B 70-x u B 80-x rogax XX ctonetus Nd:YAG nasep, 6narogaps
CMOCcOBHOCTM MPOHMKATL Yepes CKAepy, MouTH He noBpexaan eg,
cTan meTogom Bblbopa npu LK [22]. Lonroe Bpems 6€CKOHTAKTHbIN
Nd:YAG 3ameHsan LAT m LKK. Mpu ero npumeHennn y 500 601bHbIX
nosblweHue B, nocneonepauyoHHble 601 U BocnaneHue Habto-
[anncb pexe B NOC/E0NepaLMOHHOM Neproge. 3T HaXO4KM KOHCTa-
TUpoBanm ToT dakT, YTo Nasep umeet Honee TOUHYIO GOKYCUPOBKY U
MeHbLLEe MoBpeXAaeT coceagHue TKaHu no cpaBHeHuto ¢ LK n LKK
[24, 25].

BeckoHTakTHasa LIOK nponssoauTca Ha LWenesoi namne ¢ NpoBo-
ZAHuKoBoM cuctemolt Nd:YAG nasepa, M31y4yatoLLeit NocTOAHHbIE UK
nepemeHHble BOHbl. OPMEHTUPOM NO3ULMM 1a3EPHOTO Slyya OT IMMba
CNYXKUT IMH33, KOTOPaA CTaBUTCA Ha a3 nocne aHectesun. Mecto ¢o-
KYCMPOBKM Nasepa bblno onpesieneHo post mortem B onepupoBaHHbIX
rna3ax. [locne n3yyeHus yuéHble NPULLAN K BbIBOAY, YTO LIMKIOKOAryns-
LA [OCTUTaeTCA UCNOIb30BaHNEM la3epa MOLLHOCTbIO 7-8 BT Ha ckne-
py Ha pacctosaHuu 1-1,5 mm nosagm ot aiumba [20, 22, 25].

TpaHccknepanbHan KoHTakTHaA Nd:YAG nasepHasa LU ®K

TexHuKa nposeseHnsa KoHTakTHoM Nd:YAG nasepHoit LLOK otam-
YaeTca oT HECKOHTAKTHOM TEM, YTO HAKOHEYHWK HaKNablBAETCA HENo-
CPesCcTBEHHO Ha KOHBIOHKTUBY Ha pacctosaHum 0,5-1,0 mm oT immba.

Mo cpaBHeHuto ¢ beckoHTakTHOM Nd:YAG L®K, KoHTaKTHas
Nd:YAG L®K 6onee apdekTBHA, MOTOMY YTO NPU NocneaHen ume-
eTca b6onee TouHan GOKYCMPOBKA SHEPrUM Nasepa, TPaBmaTU3aLms
CKNepbl MeHblue M pa3pyLlialollas cuna fasepa fydlle noanaérea
KOHTPO/I0. 3T 0CcObeHHOCTU AenatoT KoHTakTHyo Nd:YAG LiPK 60-
nee 3¢EKTUBHbIM METOAOM ANA CHUXKeHUA B/, ¢ HU3KMM pUCKOM
notepu 3penus [20-25].

TpaHccKknepanbHaa guoa-nasepHasa UOK (TC AN LK)

JHeprua Nyya reHepupyeTcs NOoAYNPOBOAHWKOBOW CUCTEMOM
TBEPLOTENBHOO AMOAHOro fasepa. CBeT u3nyyaetcs B UHbpakpac-
Hom cnekTpe B 810 HM, KOTOPbIN NOMOLWAETCA MENaHUHOM B NUT-
MEHTHOM C/10€ LMAPHOrO TeNa U BbI3bIBAET KOAryNALMOHHBIN He-
KpO3 3MNUTENNA U CTPOMbI LIUNAPHOTO TeNa. G-HaKOHEYHUK CTaBUTCA
Ha pacctoaHun 1,2 mm oT ammba. CtpoeHue G-HaKOHEYHWKa OpueH-
TUPOBAHO NapannensHo ocK Fasa. 3To cnocobeTayeT 6onee TOUHOMY
nonagaHuio AMOAHOrO lyHa K UMAMAPHbIM OTPOCTKaM [25, 26].

[aHHbIVi METOA, LUMPOKO MPUMEHSETCA B CBA3M C YA06CTBOM B
MCNONBb30BAHUM U YNYyHLWEHHOW POKYCMPOBKON U Nogdayeit SHepruu.
MccnepoBaHua Nokasanu, YTo AeCTPYKLUMA SNUTENNA OTPOCTKOB LIMAK-
apHOro Tena ny4ywe cHuxaet Bl n meHee pucKoBaHHa ANA 3peHus
[26]. B ocHosHOM TC A1 LI®K mncnonbayetcs y 60bHbIX C faNeKo 3a-
wegwen, pedpakTepHOM, HEOBACKYNAPHOW M TePMUHAAbHOM Gons-
wen rnaykomoi. MccnefoBaHna nokasanm xopowue pesynbratbl TC
AN UOK, Kak y 60nbHbIX C NEPBMYHON [1ayKOMO, TaK U Y MOBTOPHO
OMEePUPOBAHHLIX MO NOBOAY IMayKOMbI NaLmeHToB [26, 27]. Bbin npo-
BeEH CpaBHWUTE/bHBIN aHanW3: B NepBylo rpynny BKAOYEHbI H0nb-
Hble, KoTopbim genanun TC A1 UK nepsmuHo. Bo BTOpYtO rpynny BXo-
Annv 60/1bHbIE, KOTOPBLIM Y3Ke Bblna BbINONHEHA AaHTUIIAYKOMaTO3Has
onepauua. PesynstaTbl B NepBoi rpynne 6bian aydwe, u BrA y HUX
CHM3MNOCH A0 21 mm Hg [23-27].

Rotchford AP (2010) nposoaun TC A1 L®K y 601bHbIX C OCTpO-
Toi 3penna 220/60, uan 20,2. Mocne 5 net HabntoaeHua y 73,5% 60nb-
Hbix BIJ, 66110 16 Mm Hg, 3peHue Ha 0,1 cHusunock y 30,6% 60nbHbIX.
MNponopums 60/bHbIX CO CHUNKEHWEM 3peHUs Bblna paBHa MPONOPLIMK
60N1bHbIX, KOTOPbIM Aenann GUCTYIU3MPYIOLWME onepauumn (CuHyco-
TPabeKyN0IKTOMMIO, HEMPOHMKAIOWYO [YOOKYI CKIEPIKTOMMIO)
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and inflict minor damage on adjacent tissues than CFD and CCC
[24, 25].

Non-contact CPC is conducted with a slit-lamp Nd:YAG lasers
that operate in pulsed and continuous-wave (CW) mode. A con-
tact lens placed on the eye after anaesthesia explicitly designed
for this operation was used. The contact lens has the advantage
of having markers at 1-mm intervals to judge the laser beam's po-
sition from the limbus. At the same time, they block some of the
laser light from entering the pupil and blanch inflamed conjunc-
tiva to decrease the superficial charring of the conjunctiva. Post-
mortem studies on treated eyes determined the preferred focus
of the laser beam. The results revealed that effective cycloabla-
tion was achieved with the anterior probe edge placed 1.0-1.5
mm posterior to the surgical limbus superiorly and inferiorly and
1 mm temporally and nasally with 7-8 W energy levels [20, 22,
25].

Transscleral contact Nd:YAG laser CPC

In contact Nd:YAG laser CPC, a fibre's tip is applied perpen-
dicular to the surface of the conjunctiva, 0.5-1.0 mm from the
corneal limbus.

In comparison with non-contact Nd:YAG CPC, contact
Nd:YAG CFC is more effective because the latter has more pre-
cise focusing of the laser beam, is less traumatic to the sclera, and
laser damage performance is better controlled. These features
make contact Nd:YAG CPA a more effective method for lowering
I0P with a low risk of vision loss [20-25].

Transscleral diode laser CPC (TS CPC)

Light energy is generated from a semiconductor solid-state
diode laser system. The system emits light near the infrared spec-
trum at 810 nm, strongly absorbed by melanin in the pigmented
ciliary body epithelium, thereby inducing coagulative necrosis of
the ciliary body epithelium and stroma. The G-probe centres the
fiberoptic pit and is designed to be placed approximately 1.2 mm
from the corneoscleral limbus. The design of the G-probe encour-
ages the orientation of the fiberoptic parallel to the visual axis.
The orientation contributes to the more efficient laser energy de-
livery to the ciliary processes [25, 26].

This method is widely used due to easy application, im-
proved energy delivery and focusing system, and reproducibility
of the outcome. In addition, studies have shown that the de-
struction of the epithelium of the processes of the ciliary body
lowers IOP effectively and is less risky for vision loss [26]. TS DL
CPC is used in patients with advanced, refractory, neovascular
and terminal painful glaucoma. Studies have shown promising
results of TC DL CPC, both in patients with primary glaucoma and
in patients reoperated for glaucoma [26, 27]. A comparative anal-
ysis was carried out: the first group included patients who would
undergo TS DL CPC for the first time. The second group included
patients who had already undergone glaucoma surgery. The first
group showed better results, and their IOP decreased to 21 mm
Hg [23-27].

Rotchford AP (2010) performed TS DL CPC in patients with
visual acuity 220/60, or 20.2. After 5 years of follow-up, IOP was
16 mm Hg in 73.5% of patients; vision decreased by 0.1 in 30.6%
of patients. The proportion of visual impairment was in line
with that reported after fistulising operations (trabeculectomy,
non-penetrating deep sclerectomy) [28]. These results indicate
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[28]. 3T pe3ynbTaThbl YKa3bIBAOT HA BO3MOMXKHOCTb MCMoNb30BaHUsA TC
AN LUK y 601bHbIX € HaAnumem 3peHns Ha rnasy ¢ Pl Cpean ocnox-
HEeHUWI B paHHEM NOCNeonepaLyoOHHOM MEPUOAE aBTOPbl OTMEYatoT
CHUKeHWe 3peHna (30,6%), rudemy (11,4%), nporpeccupoBaHme Ka-
TapakTbl (41,5%), MPMOOUMKAUTBI C YaCTOTOW BbifBAEHMA A0 75,5%,
a Takxe runotoHuio (0,8-18%) ¢ nepexogom B cybaTpoduio rnasHo-
ro abnoka (0,8-3,5%) 1 o4eHb PEeAKO — CUMMATUYECKYI0 OGTaNbMUIO
(0,3%). OTMeYEHHbIe OCNOXKHEHMA MOTYT BbITb CBA3aHbI C Nepesosu-
POBKOW 1a3epHOI 3HEpPr1M Npu NPOBEAEHNUMN HENPEPLIBHO-BOIHOBOM
LI®K [23-30, 33].

HeKoTopble MCCNefoBaHMA YKA3bIBAtOT, YTO YAcTOTa NOBOYHbIX
3¢ deKTOB NPAMO NPONOPLMOHAIbHA CYMMAPHOM 1a3ePHOI SHEpPruK,
a4acTb UCCea0BaTeNel OTMEYALOT, YTO TaKMX CBA3EN HeT [23, 26, 30].
HecmoTps Ha aTo, TC /1 LUOK Ha cerogHALWHUIM AeHb yCnewHo npume-
HAETCA ANA CHUXKeHuA Bl y 60bHbIX C AaNeKo 3allealent, pedpak-
TEepPHOMI, HEOBACKY/APHOM M TEPMUHANbHOW 6oNALLEN rayKomol [22-
25]. Mo gaHHbIM HaUMOoHabHOTo bputaHckoro LeHTpa no LK, 47%
60/1bHbIM C rlaykomolt 6bina nposegeHa TC A1 LOK, 13 Hux 60% — ¢
HaMuMem 3puTeNbHbIX GYHKLMIA, @ y 22% 60bHbLIX MPOBOAUAN KOM-
6MHMPOBaHHYIO OMnepauyio No yaaneHuo KatapakTtbl 1 LK. MosTop-
HOE MOoBbILIEHWE BHYTPUIIA3HOIO AaBAEHNUSA ObIN0 3apErNCTPUPOBAHO
B 4% CNy4aeB M HU Y KOTO M3 TeX, KOMY Aenany KOMOUHMPOBAHHYHO
onepauwmto [25, 27].

OpHum m3 HepocTtatkoB TC /1 LUK aBnaetca oTcyTcTBME BU-
3ya/IbHOTO KOHTPOAA, MPW 3TOM TOYHAA /IOKaNM3aLMA HAKOHEYHMKA
Ha MG Bbla ycTaHOBEHA NocMepTHO. OTCYTCTBMUE BU3yanv3aLmm
LWMAPHOTO Tena OrpaHWYMBaNO XMPYPrUUYECKylo aKTUBHOCTb U 3a-
TPYAHANO YNPaBAAEMOCTb AECTPYKLUMM UamapHoro Tena [28, 31]. He-
CMOTPA Ha pag ocnoxHeHui, TC A1 LOK anseTca meTogom Bbibopa
onepaumu y 6onbHbIX ¢ pedpaKTepHoii, JaneKko 3allejlleil, HeoBa-
CKYNIAPHOM 1 TePMUHaNbHOM Bonswlel raykomoi. bnarogaps ceoeit
NMOPTATMBHOCTH, fAellesnsHe U 3GPEKTUBHOCTU cpeam TPEX BUAOB Na-
3epa (Nd:YAG, aproH v avoaHbIi nasep) metogom Bbibopa LIOK npu
T7IayKOMe ABAAETCA AMOAHbIN Nasep. HecmoTps Ha 310, NoTpebHOCTL
B yNydweHun metogos LUK ocTaBanach BbICOKOM, M UCCNef0BaHUA B
3701 chepe He npeKkpaLanmcy [25, 30].

dHpockonuyeckaa LdK

JdHpockonuyeckan LUK (SUPK) npeactasnser coboit oTHoCU-
TeNbHO HOBbIM MeToz, BBeAEHHbIM B 1990 roay Shields MB et al u
Uram M (1990), KoTopble NMPOM3BENN SHAOCKOMUYECKYIO CENEKTMB-
HYI0 KOQrynAaLMIO LAMAPHbIX OTPOCTKOB AMOAHBIM SHA01A3epPOM Npu
HenocpeacTBEHHOW BU3yanunsaLmm npoLiecca. IHAocKonmyeckan LLOK
— 3TO Mpoueaypa, NP1 KOTOPOK, NMpK YCAOBUU BU3yanmn3aLUmn LWUK-
apHoro Tena, UPK npoBoamnTCcA 3HA0CKONUYECKMM NYTEM C MOMOLLbIO
[AVOAHOro Nnasepa ¢ AAMHON BoHbI 810 HM [ocTyn K uMaMapHomy
Teny pocturaetca yepes aMmb mam pars plana. NMocnegHuii ucnonb-
3yeTcA KpaliHe pesKo, B OCHOBHOM, BO BPEMS BUTPEOPETUHANbHOW
XUPYPruK, Tak Kak JOCTYN YPEeBaT OTC/IOEHUEM CETYATKM U COCYAMUCTOM
060104KK. Ho BCE Ke AaHHbIM JOCTYN OYeHb YA00€eH y NauMeHToB C
nepegHekamepHoi MO/, ¢ abakuelt nam ¢ 3agHUMM CUHEXMAMU. Pe-
3yNbTaThl KIMHWUYECKOTO UCCNe0BaHMA 3HA0CKoNnYeckon LIOK 6biam
Brnepsble onybanMKoBaHbl gokTopom Uram M B 1992 roay, KoTopblii
npeanoxun nposogutb ILUDK ogHOBpEMEHHO BO Bpems BUTpPeope-
TUHaNbHOW XMPYPIUKU UK GakoaMynbCcudUKaummn y 6osbHbIX € ped-
PaKTEpPHOW MMAayKOMON UK y BOMbHBIX C YMEPEHHO BbIPAXKEHHbBIM
60neBbiM cHApPOMoMm [32].

Matorncronornyeckoe nccnegosanune rmas nocne TC 471 UOK un
3K nokasano B 060MxX CAydanx AECTPYKLUMIO LMAMAPHOrO Tena, Ho
BCE e Y 60NbHbIX, KOTopbIM Nposoavaun TC A1 UOK, umnmnapHoe Teno
noZBeprnocb 6onbwemy paspyLieHuto. Mpu aTom AecTpyKumMu nog-

a possible role in using TS DL CPC in patients with RG. Among
the complications in the early postoperative period, the authors
note a vision loss (30.6%), hyphema (11.4%), cataract progression
(41.5%), iridocyclitis (75.5%), and hypotension (0.8-18%) and fi-
nally phthisis bulbi (0.8-3.5%) and very rarely — sympathetic oph-
thalmia (0.3%). The observed complications may be associated
with overexposure to laser energy during continuous-wave CPC
[23-30, 33].

Some studies indicate that the frequency of side effects
is directly proportional to the total laser energy, and some re-
searchers note that there are no such relationships [23, 26, 30].
Despite this, TS DL CPC is currently successfully used to reduce
IOP in patients with advanced, refractory, neovascular, and termi-
nal painful glaucoma [22-25]. For example, the United Kingdom
National Cyclodiode Laser Survey of consultant ophthalmologists
(47% of respondents were glaucoma subspecialists) revealed that
60% of the respondents performed diode laser CPC at any level
of vision. In addition, 22% performed diode CPC simultaneous-
ly with cataract surgery. In addition, a reincrease in intraocular
pressure was registered in 4% of cases and none who underwent
combined surgery [25, 27].

One of the disadvantages of TS DL CPC is the lack of visual
control, while the exact position of the fibre's tip on the limbus
was established postmortem. The lack of visualisation of the cil-
iary body limited surgical activity and made it difficult to control
the destruction of the ciliary body [28, 31]. Nevertheless, despite
several complications, TS DL CPC is the method of choice for sur-
gery in patients with refractory, advanced, neovascular and ter-
minal painful glaucoma. Due to its portability, low cost and effi-
ciency, among the three types of laser (Nd:YAG, argon and diode
laser), the method of choice for CPC in glaucoma is the diode la-
ser. Despite this, the need to improve CPC procedures remained
high, and research in this area continues [25, 30].

Endoscopic CPC

Endoscopic CPC (ECPC) is a relatively new technique intro-
duced in 1990 by Shields MB et al and Uram M (1990). They per-
formed endoscopic selective coagulation of ciliary processes with
a diode endolaser under direct visualisation. Endoscopic CPC is
a procedure whereby the ciliary processes are photocoagulated
under endoscopic guidance at wavelengths of 810 nm. Access
to the ciliary body is achieved through the limbus or pars plana.
However, the latter is used extremely rarely, mainly during vitreo-
retinal surgery, since access is fraught with a retinal and choroidal
detachment.

Nevertheless, this access is still very convenient in patients
with an anterior chamber IOL placement, aphakia, or posterior
synechia. Dr Uram M first published the clinical study results of
ECPC in 1992. He suggested ECPC simultaneously during vitreo-
retinal surgery or phacoemulsification in refractory glaucoma or
moderate pain syndrome cases [32].

Histopathological examination of the eyes after TS DL CPC
and ECFC showed the destruction of the ciliary body in both cas-
es. Still, the ciliary body was more extensively destroyed in pa-
tients who underwent TS DL CPC. At the same time, the processes
and the muscles and stroma of the ciliary body and neighbour-
ing tissues were subjected to destruction. Dr Toth M et al con-
ducted a study of 5824 eyes of patients who underwent ECPC.
They found the following complications: IOP spikes (14.5%),
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BEPI/IMCb HE TONbKO OTPOCTKM, HO U MbILULbI U CTPOMA LUIMapHOro
Tena, a Takxe coceHue TkaHu. [oktop Toth M et al nposoannu uc-
cnenoBaHua 5824 rnas, kotopble noggepranct ILUDK v obHapykmam
cneayrolme OCNOXKHEHWA: cKavyok Bl (14,5%), remopparun (3,8%),
Cepo3HbIii BbINOT xopuongeu (0,38%), oTcnoliky cetyatku (0,27%) u
CHWXXEHME OCTPOTbI 3peHUs HMXKe 2-X cTpoudek (1,09%). B uccneposa-
HUAX rOBOPUTCSA, YTO CHUXKeHWe B fo 22 mm Hg y 60bHbIX ¢ ped-
PaKTEPHOW FNayKomon gocturanoch B 63-89% cnyyaes. B noBTopHOM
NIeYEHUN HYXKIANUCb NALMEHTbI C NOCTTPAaBMATUYECKOM FNayKoOMON,
MOA0ple NaLneHTbl M 6oNbHbIe CO BTOPUYHOW I1IayKOMOW nocae npo-
BeAEHMUA BUTPEOPETUHANbHON Xxupyprum [32, 34, 35].

MukpoumnynbcHaa TC AN LK

370 nocneaHui U3 paspaboTtaHHbix meTogos TC /1 LUK, B koTo-
POM UCMO/b3YETCA AMOAHBIV Na3ep. YCTPOMCTBO 3anporpaMmmmnpoBaHo
Ha "on" un "off" pexumbl, KOTOpbIE NEPEK/OYAOTCA aBTOMATUYECKM.
Bo Bpems pexkmma "on" ycTpOMCTBO BbINYCKAET HECKO/IbKO HEeMpepbIs-
HbIX /1a3epPHbIX «BbICTPENOBY», KOTOPbIE MOMOLAIOTCA NMUTMEHTHBIM
CNOEM 3MUTENNA PECHUYHOTO Tea. ITO NPUBOAUT K NOBbILLEHMWIO TEM-
nepaTypbl B MUIMEHTHbIX CI0AX LIUAMAPHOIO TeNa U HEKPOTU3UPYET MX
[36]. Mpw aTOM BecnMrmeHTHbIe TKaHW He Pa3pyLLIAKTCA, Tak KaK OHM
MMeIoT 60/IbLLYIO YCTOMYMBOCTD K BBICOKMM TEMMEPATYPaM, YEM NKT-
MEHTHbIV C/I0W, a TaK:Ke BO Bpems pexkmma "off" TkaHu oxnaxaatotcs.
[aHHbIA MexaHU3M He AAET OKPYKaKLWMM TKaHAM JOCTUYb nopora
Koarynaumu [25, 36].

Tan AM et al 8 2010 rogy onybankosanu ctaTbio 06 UCNONb30-
BaHUM MUKpoumnynbcHoli TC A1 UDK ana nevenus pedpaktepHoit
rNayKombl. Pe3ynbTaThl UccnefoBaHUA MOKasanu cHuxeHue BI Ha
6-21 mm Hg y 80% 6onbHbIX. HM B 04HOM a3y He BO3HMKAA MMNo-
TOHUA WAN CHUXKEHWME 3peHMA Ha npoTaeHun 16,3+4,5 mecAues.
PaHOoOMM3MPOBaHHOE WCCNefOBaHME MeXAy rpynnamu 6GOnbHbIX,
KOTOPbIM NPOBOAMAW MUKpoMMNyabcHyto TC A1 UOK n TC A1 LPK,
NoKa3zanu, uto y 75% 6onbHbIX Nnocie myukpoumnynbcHoit TC 1 LOK
OTMEYanochb CTOMKoe CHUMKeHue B, 1 TonbKo y 45% 60bHbIX ¢ TC
ON LUK otmeyanoch cHukeHune B Ha npotaxeHun 17,5 mec [37].
Kuchar S et al usyunnum 19 rnas c TepmrHanbHOM 6oAALLEN FayKOMON,
KOTOpbIM Bbla NpoBeaeHa MyuKkpoumnyibcHas TC A1 UPK, ny 73,7%
M3 HMX BbINO AOCTUTHYTO CTOVKOe CHUKeHue BIA (Ha 20% Huxke) Ha
NPOTAXKeHUM 2 mecsaues [38]. B apyrom nccnegoBaHuu, ¢ yyacTuem
80 naupeHToB (84 rnas) ¢ peppaKkTepHO MayKOMONA, KOTOPbIX NeYnIn
MeToa0oM MUKpoumnynbcHon TC A1 LIPK, pesynbTaThbl 6binn cneayto-
WyMK: y Bcex 6onbHbIX B, cHusmnock Ha 41,2% yepes 1 mec nocne
onepauun. Ha 3-m mecaue y 46% 60/1bHbIX BbIABUAN NPU3HAKK BOC-
nanenua, ay 40% 60nbHbIX 3puUTeNbHbIE GYHKLIMM CHUSUANCH Ha OAHY
nvHuio (10%) [39, 40].

Lee et al cpasHuAK Bl nocne NnpoBeaeHUs MUKPOUMMYIbCHOW
TC AN UOK y geteit n B3pocAbix: CHUXKeHMe Bl 6bino oTmeyeHo y
72,22% B3pOCAbIX v TONbKO Y 22,22% peTeit nocne 12 mec. Cemu fe-
TAM 13 12 caenann peonepaumio Ha npoTaxeHun 12 net. Ho BCé xe
HMKaKMX OC/IOXKHEHWI aBTOPbI B rpynne He BbiABMAK [46].

B 2016 r. MaslinJ et al nposenu uccnefoBaHme rMCTONOTMYECKMX
cTpyKTYp LT nocne nposeneHua HenpepbiBHO-BONHOBOW M MUK Ha
KagasepHbix rnasax. Mpu mUDK otmeueHo bonee wagsllee Boaeii-
CTBMe Nla3epa Ha KNETOUHYI0 MembpaHy TKaHel LT ¢ nsmeHeHnem eé
npoHuuaemocTu. Mocne npekpalleH1a Bo3aencTBuA nasepa Habnio-
[anoch eé BbICTPOe BOCCTAaHOB/IEHWE C MEHEE 3HAYUTENbHBIM NOBpe-
XaeHuem cTpykTtyp LT, yem nocne TpagnUMOHHON HenpepbIBHO-BO-
Hosol LIOK [42].

B 2014 roay Aquino M et al cpaBHMAM pe3ynbTaTbl feYeHns
48 nauuMeHTOB, KOTOPbIM PaHAOMM3UPOBAHHO npoBoguan MLUDK u
HenpepblBHO-BONHOBYO LIOK. Yepes 18 mecaues B obenx rpynnax
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haemorrhages (3.8%), serous choroidal effusion (0.38%), retinal
detachment (0.27%), and lost 2 or more Snellen lines of visual
acuity (1.09%). Studies show that a decrease in IOP to 22 mm Hg
in patients with refractory glaucoma was achieved in 63-89% of
cases. After vitreoretinal surgery, patients with post-traumatic
glaucoma, young patients, and patients with secondary glaucoma
required retreatment [32, 34, 35].

Micropulse transscleral CPC (MP-TSCPC)

MP-TSCPC is the last of the developed methods of TS DL
CPC, which uses a diode laser system. The device is designed to
operate in an "on" and "off" cycle mode. During the "on" cycle,
multiple (microsecond) repetitive bursts of laser are emitted by
the device and absorbed by pigmented tissues, causing an in-
crease of thermal energy in pigmented tissues, inducing coagu-
lative necrosis [36]. At the same time, the non-pigmented tissues
never attain a coagulative threshold temperature because of
their lower rate of absorption of thermal energy and have some
time to cool off during the "off" cycle. This mechanism prevents
the surrounding tissues from reaching the coagulation threshold
temperature [25, 36].

Tan AM et al in 2010 published an article on the use of mi-
cropulse TS DL CPC for the treatment of refractory glaucoma.
The study results showed a decrease in IOP by 6-21 mm Hg in
80% of patients. None of the patients developed hypotension or
decreased vision during 16.3+4.5 months. A randomised study
between patient’s groups who underwent micropulse TS DL CPC
showed that in 75% of patients, a persistent decrease in IOP was
observed, and 45% of patients reduced I0P for 17 .5 months [37].
Kuchar S et al studied 19 patients' eyes with painful terminal
glaucoma, which underwent micropulse TS DL CPC. In 73.7% of
them, a persistent decrease in I0P (by 20%) was achieved within
2 months [38]. In another study involving 80 patients (84 eyes)
with refractory glaucoma treated with micropulse TS DL CPC, the
results were as follows: in all patients, |OP decreased by 41.2% 1
month after surgery. At the 3 month, 46% of patients showed
signs of inflammation, and in 40% of patients, visual acuity de-
creased by one Snellen line (10%) [39, 40].

Lee et al compared IOP after microimpulse TH DL CPC in chil-
dren and adults: a decrease in IOP was noted in 72.22% of adults
and only 22.22% of children after 12 months. 7 out of 12 children
underwent reoperation over 12 years. However, the authors did
not reveal any complications in the group [46].

In 2016, Maslin J et al conducted a study of the histologi-
cal structures of CB after CW and MP-TSCPC on cadaveric eyes.
With MP-TSCPC, a more sparing effect of the laser on the cell
membrane of the CB tissues with a change in its permeability
was noted. Furthermore, after the cessation of laser exposure,
its rapid recovery was observed with less significant damage to
the CB structures than after traditional continuous-wave CPC
[42].

In 2014, Aquino M et al compared the outcomes of 48 pa-
tients who were randomly treated with MP-TSCPC and CW CPC.
After 18 months, in both groups, the reduction in IOP averaged
45% of the baseline. A higher percentage of complications was
observed after continuous-wave CTC — 60% versus 12% in the
group after MP-TSCPC. Prolonged hypotension was observed only
after continuous-wave CPC. The absence of such cases in the af-
ter MP-TSCPC group can be explained by the relatively minimal
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CHMeHue B[ B cpegHem coctanano 45% OT UCXOAHOTO YPOBHA.
Bo/MbWKI NPOLEHT OCNOXHEHWI Habnganca nocie NpoBeAeHWs
HenpepbiBHO-BoNHOBOM LIPK — 60% npotvs 12% B rpynne nocae npo-
BeseHna MUK, AavtenbHas runotoHus Habnoganace TobKo nocie
nposeseHWA HenpepblBHO-BosHOBOM LIOK. OTcyTcTBME TakMX Cayyaes
B rpynne nocie MLU®K moKeT 6bITb 06bACHEHO OTHOCUTEIbHO MUHW-
ManbHbIM nospexaeHnem UT. Mo pesynbratam gaHHOro uccnenosa-
HUA aBTOPbl OBHAPYXWUAN CXOAHYI 3bGEKTUBHOCTD ABYX METOA0B
NeYEeHUA C TOUKM 3PEHUA CHUNKEHUA BI], HO C MEHBLUMM KONUYECTBOM
0C/N0XKHeHWi nocne MU®K [43].

B 2018 r. Williams A et al npoBenu peTpocneKkTMBHOE Uccneno-
BaHWe 79 BONbHbIX C pedpaKkTepHON 1ayKOMOW, KOTOPbIM NPOBEn
mU®K. Mocne onepaumn Bl cHusunnock Ha 51,1% oT ncxofHoro ypos-
HA W Oepanocb Ha NPOTAXeHUn 6 mecAles. ABTOPbI OTMETUAN Ta-
KUe OCNIOXKHEHMS, KaK A/ IMTENbHDBIN MpUaoumKauT B 21 (26%) cnyyae,
OTEK Makynbl B 4 rnasax (5%), nocneonepauymoHHas rMNoToHua — B 7
(8,8%), cybatpodus rnazHoro AbnoKa B 2 cayyanx, CHUKEHWUE Hauayy-
LUel KOPPUIMPOBAHHOM OCTPOTbI 3peHnA Ha 2 1 bonee CTPOUKM Yepes
3 mecaua HabnogeHua —y 13 (17%) naumeHTos [44].

CTouT OTMETUTb MCCeaoBaHUA APYrUX aBTOPOB MO U3YYEHWUIO
adpdektTnBHocTM MUDK, B KOTOpbIX AaHHaA npoLeaypa bbina npose-
[eHa nauueHTam C pasMyHbIMM GOpMaMmn U CTaAMAMM FNAYKOMbI.
Mocne npoueayps! BIA, cHusunocs Ha 29,7-43,1% OT MCXOLHOTO YpOB-
HAA. [MNOTOHWU € NoceaytoLei cybaTpodueii rasHoro AbaoKa He oT-
MeYasiocb, a KONMYECTBO OCNOKHEHWUI BbIN0 MUHUMANbHbIM [45-47].

3AKNIOYEHUE

3a nocnesHvie AeBATb ACATUNETUI Y BONbHBIX C AaneKo 3ales-
wel, pedpaKTepPHOIN, HEOBACKYNAPHOM U TepMUHANbHON GonsLeit
rnaykomon npobnema KoHTpona BI[, 3actaBuna yyéHbix fopabotbl-
BaTb METOZbl LUKNOAECTPYKLUMU. Ha AaHHbI MOMeHT npoueaypa LIOK
YCOBEPLUEHCTBOBAHA M MMEET Majso MOC/AeonepaLMOHHbIX OCNOX-
HeHuit. Ecan padblie LIOK mMcnonb3oBanack B NOCNEAHIO0 oyepesp,
nocne APYrMx aHTUINAYKOMHbIX Onepauuii, To ceiyac NOCTENEHHO
€€ NPYMEeHAIOT M Ha paHHMX 3Tanax raykombl. HecMoTpsA Ha 370, BCé
paBHO ocTatoTca TpeboBaHMA K AopaboTKam C Lienblo MUHUMM3aLMK
OCNOXKHeHUi 1 ycunenua sddekta LIOK. Kpome Toro, otcytctayer
CTaHZAPTM3MPOBaHHbIN NPOTOKON NeyeHnsa M Bbibopa napameTpos
NasepHoro Bo3aencTaus npu nposegeHun LIOK, uto Heobxogumo ans
onpegeneHna oNTUManbHbIX NaPaMeTPOoB IeYeHnA U pe3ynbTaTos. B
CBAA3M C 3TUM, HEOBXOAMMO PACLUMPEHHOE U3Y4YeHWe JaHHOTO MeToaa
neyeHua.

damage to the CB. Based on the results of this study, the authors
found similar efficacy of the two treatments in terms of lowering
IOP, but with fewer complications after MP-TSCPC [43].

In 2018, Williams A et al conducted a retrospective study of
79 patients with refractory glaucoma who received MP-TSCPC.
IOP decreased by 51.1% from baseline and was maintained for
6 months postoperatively. The authors noted such complications
as prolonged iridocyclitis in 21 (26%) cases, macular oedema in 4
eyes (5%), postoperative hypotension in 7 (8.8%), phthisis bulbi
in 2 cases, a decrease in the best-corrected visual acuity by 2 or
more Snellen lines of visual acuity after 3 months of observation
—in 13 (17%) patients [44].

It is worth noting the contribution of other authors on the
effectiveness of MP-TSCPC, in which this procedure was carried
out in patients with various forms and stages of glaucoma. After
the procedure, IOP decreased by 29.7-43.1% of the initial level.
Furthermore, hypotension followed by phthisis bulbi was not ob-
served, and the number of complications was minimal [45-47].

CONCLUSION

Over the past nine decades, the IOP control issues in pa-
tients with advanced, refractory, neovascular, and terminal pain-
ful glaucoma have forced scientists to improve the methods of
cyclodestruction. At the moment, the improved CPC techniques
demonstrate fewer postoperative complications. Furthermore, if
earlier CPC was used later in the course of the disease after oth-
er glaucoma operations, it is now being used in the early stages
of glaucoma. Despite this, there is still a need for improvements
to minimise complications and enhance the effect of CPC. In ad-
dition, there is no standardised protocol for the treatment and
choice of laser exposure parameters during CPC, which is neces-
sary to achieve optimal treatment results. In this regard, a com-
prehensive study of this treatment method is required.
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