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IMPORTANCE OF THE MICROBIOME FOR PRIMARY

OPEN-ANGLE GLAUCOMA

Carl Erb’, Clivia Erb’

'Private Institute of Applied Ophthalmology Berlin, Berlin, Germany
*Univerity Heidelberg, Germany

The human enteric micro-
biome (EMB) refers to the entirety
of all microorganisms in the
human intestine, especially in the
large intestine. There are more
than 1,000 different types of
bacteria with a total of over 100
trillion bacteria. The tasks of the
EMB include the control of
digestion, the regulation of the
intestinal wall barrier, the inhibi-
tion and activation of various
metabolic pathways, the stimu-
lation of motility and the absorp-
tion of nutrients and energy. The
EMB is also immunologically
active in that it prevents the
penetration of harmful organisms,
inhibits the activity and growth of
harmful microorganisms, promo-
tes the formation of protective
factors in the intestinal mucosa,
has an antimicrobial effect itself
and limits the formation of
inflammatory mediators [18].

Microbiome-gut-brain axis

In recent years, it has been
shown that there is a special
connection between the EMB and
the brain, which is referred to as
the microbiome-gut-brain axis
[33]. Neurotransmitters - such as
gamma-amino-butyric acid,
dopamin, noradrenaline and
acetylcholine - are produced by
the enteric bacteria, as well as 5-
hydroxy-tryptophan, which plays
a special role in the regulation of

circadian rhythms in the suprachiasmatic nucleus,
particularly as a precursor for melatonin.

In addition, so-called short-chain fatty acids are
formed by the EMB. These are saturated and
unbranched fatty acids of short chain length with 2-
6 carbon atoms [42]. They are formed in the
intestine from non-digestible carbohydrates
(dietary fiber and digestion-resistant starch) by the
intestinal flora and are absorbed via the
monocarboxylate transport proteins in almost all
tissues, including the brain [50]. In the brain, they
are involved in the regulation of appetite and
energy metabolism [7, 35]. There is also an
additional direct connection to the brain through the
enteral innervation via the vagus nerve.

Mitochondrial dysfunction and ocular neuro-
inflammation

The understanding of primary open-angle
glaucoma (POAG) has changed considerably in
recent years: From an isolated optic neuropathy to
a neuroinflammatory disease that has its origin in a
primary mitochondriopathy [44]. In one study,
genetic mutations in mitochondrial DNA were
detected. All patients with POAG had a reduction in
mean mitochondrial respiratory activity compared
to controls [1].

The resulting mitochondrial dysfunction
manifests itself, among other things, in a reduced
metabolism of free radicals and is associated with
an increase in oxidative stress, reduced ATP
production, instability of the cellular plasma
membrane with uncontrolled influx of messenger
substances and calcium into the cell and the
induction of metabolic dysfunctions [17]. This
results in an excessive cellular immune response
and a inflammatory reaction, which leads to an
acceleration of cellular ageing and apoptosis.

These inflammatory processes have been
demonstrated for POAG [4], which cause ocular

KasakctaH odpransmonoruansik xxypHanesl Ne 1 (23) 2026




and cerebral neuroinflammation [48] and later lead
to generalized neurodegeneration [9]. Not only the
visual tract, but the entire brain is involved [43].

In addition to the detection of primary
mitochondrial genetic defects, the extent of
damage to the mitochondria is also modified by the
interaction of the sum of glaucoma-associated
genes (polygenetic risk score), by epigenetic
influences and by systemic diseases, such as
arterial hypertension, diabetes mellitus and
dyslipidemia [3, 32]. These systemic diseases
themselves lead to secondary mitochondriopathy
and thus exacerbate the primary mitochondrio-
pathy in POAG [16, 38, 47].

Helicobacter pyloriinfection and glaucoma

In addition, a meta-analysis has shown a
statistically confirmed correlation between POAG
and infection with the Gram-negative bacterium
Helicobacter pylori [53]. The lipopolysaccharide
[LPS] is a main component of the outer cell wall of
Gram-negative bacteria [45]. LPS increases
enteric permeability, which activates the immune
system: LPS interacts with CD14 and activates the
TLR-4 receptor (Toll-like receptor-4). This is
followed by a cytoplasmic cascade for the release
of NF-kB ("nuclear factor kappa-light-chain-
enhancer of activated B cells"), an intranuclear
factor that is able to generate the transcription and
translation of pro-inflammatory cytokines such as
TNF-a, IL-1 and IL-6. This can also trigger
autoimmune processes [11].

On the other hand, it has been proven that
Helicobacer pylori causes atrophic gastritis, which
leads to a deficiency of folic acid and vitamin B12.
Hyperhomocysteinemia can be triggered via this
pathway [25], which in turn is associated with
neurodegeneration in general [13, 28] as well as
with POAG [26]. In any case, it makes sense to test
Helicobacter pylori as a possible cause of
neuroinflammation in cases of progressive
glaucoma in order to initiate targeted therapy.

Microbiome-eye axis

In this sense, the EMB also plays an important
role for POAG. This is because any disorder in the
EMB leads to impaired formation of
neurotransmitters and, via the reduced release of
short-chain fatty acids, to a considerable energetic
impairment of the central nervous system [CNS].
Analogous to other neurodegenerative diseases,
such as Alzheimer's and Parkinson's disease [34,
39], neurodegeneration can be favored by a
disturbed balance in the bacterial diversity of the

EMB, which may ultimately also
apply to POAG, especially since a
microbiome-eye axis has been
described [14].

Restoration a healthy enteric
microbiome

The systemic diseases that
are frequently present in POAG
have a negative influence on the
endogenous microbiome. For
example, there are links to
diabetes mellitus [52], arterial
hypertension [40] and
dyslipidemia [25], so that these
diseases should be optimally
controlled.

In addition, according to
current knowledge, the following
dietary strategies can be derived
for patients with POAG in order to
achieve or maintain a healthy
enteral microbiome:

m Sporting activity [24]

m Prefers a Mediterranean
diet [37], especially as it can
improve mitochondrial
dysfunction [41], i.e., a diet based
on lots of fruit and vegetables,
pulses, whole grain cereals, olive
oil, fresh fish, and a small amount
of dairy products, wine and meat

mPlenty of fruit and
vegetables [30]

According to a "5 meals a day
campaign", it is recommended
eating 5 portions of vegetables
and fruit a day, preferably divided
into 3 portions of vegetables
(approx. 400 g) and 2 portions of
fruit (approx. 250 g) [10]. To
ensure that these foods retain as
many of their vitamins as
possible, it is advisable to choose
mainly seasonal and local
products with short transportation
routes.

m  Regular food intake at
fixed times should take the body's
circadian rhythm into account.
This so-called chrono-nutrition is
becoming increasingly important.
The body's main timer, the
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suprachiasmatic nucleus, part of
the hypothalamus, plays an
important role in this. In addition,
each organ system has its own
time clock in the form of CLOCK
genes, which work independently
[8]. The timing, frequency and
regularity of meals have an
influence on the enteric micro-
biome [15, 46].

m The use of probiotics is
also recommended, which are
defined as live microorganisms
that can have a health benefit for
the host by creating a good
balance in the enteric microbiome
[31]. One example is kefir (sour
milk product), a firmly defined
composition of certain bacterial
strains [5], which has antioxidant,
anti-inflammatory and antimicro-
bial properties [49].

On the other hand, the follo-
wing influences that have been
proven to have a negative influen-
ce on the EMB should be avoided:

m  Smoking [22, 27]

m Excessive alcohol con-
sumption [20]

m Fastfood[12]

m High-fatfood[43]

m Increased amount of su-
gar, as sugar has a negative
influence on oral and the enteric
microbiome [2, 16].

Medications that can also
influence bacterial diversity and
the functions of the EMB play a

special role [51]. For example, antibiotics and
proton pump inhibitors have an unfavorable effect
on the EMB, while metformin or statins have a
positive effectonthe EMB [51].

Conclusion

According to current understanding, POAG is a
neurodegenerative disease with numerous
influencing factors playing a pathophysiological
role, such as genetic changes, inflammatory
processes in old age ("InflammAging"), mito-
chondrial and immunological dysfunction, vascular
endothelial dysfunction, altered ocular bio-
mechanics, individually elevated IOP and
increased fluctuations in IOP as well as neuronal
dysregulation.

Lowering the IOP should only be seen as a
partial strategy, as in a not inconsiderable
proportion of patients, simply lowering the 10P
cannot effectively prevent glaucoma progression.
For example, in the "United Kingdom Glaucoma
Treatment Study", the first randomized controlled
prospective glaucoma therapy study, 10 glaucoma
patients had to be treated in the observed 2-year
period in order to protect 1 patient from progression
("number needed to treat"=10)[19].

This rather sobering result calls for a new
perspective on the treatment of POAG. This also
includes a look at the enteric microbiome, which is
playing an increasingly important role in a large
number of internal, neurological and ophthalmo-
logical diseases and is also of particular
importance for POAG [21, 23].

As many therapeutic approaches can easily
implemented without major effort, the therapeutic
focus is on imparting this knowledge to patients. In
addition, a personalized nutritional concept should
created with the help of a nutritionist in order to
gradually guide the patient towards their goal.
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SUMMARY

Importance of the microbiome for primary open-angle glaucoma

Carl Erb’, Clivia Erb’
'Private Institute of Applied Ophthalmology Berlin, Berlin, Germany
Univerity Heidelberg, Germany

Primary open-angle glaucoma (POAG) is currently understood to be a
neurodegenerative disease in which numerous influencing factors play a
pathophysiological role. Intraocular pressure (IOP) and its lowering should only be seen
as one aspect of this, as in a significant proportion of patients the mere lowering of IOP
cannot effectively prevent glaucoma progression. This rather sobering balance requires
a new perspective on the treatment of POAG. This includes looking at the enteric
microbiome, which is playing an increasingly important role in a large number of internal,
neurological and ophthalmological diseases and is also of particular significance for
POAG. The therapeutic focus is on imparting this knowledge to patients. In addition, a
personalized nutritional concept should be created with the help of a nutritionist.

Keywords: glaucoma, mitochondrial dysfunction, neurodegeneration, enteral
microbiome, nutritional counseling.

PE3IOME

3HayeHue MMKpobMoma Nnpu NepBUHHON OTKPbLITOYrofibHOM rraykome

Kapn 3p6’, Knususa Op6?
"YacTHbIM MHCTUTYT NpUKNagHon ogpransmosnorum, bepnuH, N'epmanus
2YHuuBepcuTeT . [engensbepr, lepmaHns

MepBuyHaa oTkpbiToyronbHasa rrnaykoma (MOY[l) B HacTodwee Bpems
paccmaTpMBaeTCsa Kak HenpogereHepaTMBHoe 3aboneBaHue, B NaTtodu3nONornu
KOTOpOro y4acTByeT MHOXeCTBO (pakTtopoB. BHyTpurnasHoe gaenexuve (BI) un ero
CHWXEHWEe crnegyeT paccmaTpuBaTtb NUWb Kak OOMH M3 acMneKkTOB, MOCKOSbKY Y
3HaYMTENbHOW YacTn NaumnmeHToB NpocToe cHkeHne Bl He no3BonseT adpPeKTUBHO
npegoTBpaTUTbL MPOrpeccupoBaHue rnaykombl. Takon, ckopee, HebnaronpusTHbIN
G6anaHc TpebyeT HoBoro B3rnsga Ha nedeHuve [MOYI. B 3TOoM KOHTEkCTe ocoboe
BHMMaHWE NpUBMEKAET KNLLEYHbIN MUKPOOMOM, KOTOPbIN UrpaeT BCE Bonee 3HaYnMyto
pOfnb BO MHOXECTBE BHYTPEHHUX, HEBPOJSIOTMYECKUX U OMTanbMONorm4yeckmx
3aboneBaHun U nmeeT ocoboe 3Ha4veHne n ana NOYr.

TepaneBTUYECKMI aKLEHT 3akmoyaeTcs B TOM, YTOObl AOHECTM 3TW 3HAHWUA 00
naumeHToB. Kpome TOro, ¢ nomolbl auertonora gonxeH ObiTb paspaboTaH
NnepCcoHanNn3npoBaHHbIN HYTPULIMOHHbBIN NOAXOL,

KniouyeBble cnoBa:. rrnaykoma, MUTOXOHApuanbHas OUCHYHKUUSA, Henpo-
aereHepaumsi, KALWEeYHbIN MUKPOBUOM, HYTPULMOHHANA NOAAEPXKKA.
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T¥XbIPbIM

Anfawkbl awbIK 6YpbIWTLI raykoMaga MUKPOGUOMHbIH MaHbI3bl

Kapn 39p6', Knuensa 3p62
'KongaHnb6ansl opranbmonorusiHbiH XKeke MHCTUTYThl, BepnuH, Nepmanuns
Tengenbbepr yHnBepcuteTi, F[epmaHus

Anfawkpl awblk OypbiwThl rnaykoma (AABIN) kasipri yakpiTTa kenTereH doaktopnap
naTtounanonorndanblk pen atkapaTblH HeWpogereHepaTuBTi aypy peTiHge
kapacTblpbiniagbl. Kes iwinik keicbiM (KIK) MeH oHbl TemeHaeTy Tek Oip faHa acnekT
peTiHae KapacTblpblybl TWIC, 6WTKEHI HaykacTapablH eaayip Geniringe Tek KIK-Tbl
TOMEHAETY IMaykoMaHblH, yaeyiH Tvimai Typae 6ongbipmangbl. MyHOam Konamcbi3
Tene-teHaik AABIT empeyre XaHa keskapacTbl kaxeT eTedi. Ocbl Typfblaa ilek
MUKPOBUOMBI epeklle Hasap ayaapTagbl, On KenTereH iwki, HEBPONOrUANbIK XaHe
obTanbMONoruanbIK aypynapaa MaHbi3abl pen atkapblin kaHa kommaun, AABIT ywin e
epekwe MaHre ue. Tepanusanblk GacbiMAblK OCbl OiniMAai HaykacTapfFa XeTkisyre
bafbiTTanfaH. CoHbIMEH KaTap, OWETONOrTblH KOMEriMeH Xeke TaMakTaHy
TYXXblpbIMAAaMachl Xacanybl TUiC.

KinT cesgep: rmaykomMa, MUTOXOHOPUSAMbIK AUCYHKUUS, HeMpoaereHepaums, iLuek
MUKPOBUOMbI, HYyTPULMANBIK KEHEC Bepy.

Y[K: 617.7-007.681-089.87

NEPBbIU ONbIT NMPUMEHEHUA M!/IKPOVIMI'IYJ'IbCHOI?I
TPAHCCKIIEPAJIbHOU JNTASEPHOU LIMKITOPOTOKOATIYIALNNA
B JIEMEHUUN BTOPUYHOMU INAYKOMbI

T.K. Borabekosa'?, H.A. Angawesa’, A.[].lLaikeHoBa'?

“Kazakh Order of the Badge of Honor Research Institute of Eye Diseases,”
KasaxcTtaH, Anmarsl

’HYO «KasaxcTtaHCcko-POCCUMCKNI MeONLIMHCKUIA YHUBEPCUTET Y,
KasaxcTtaH, AnmaTsl

BBeaeHune CTPYKTYp yrna nepegHen kamepbl

BropnuHas rnmaykoma npegctaBnsieT cobor  u cTomkomy nosbiweHuto BI. [1,
reTeporeHHyo rpynny onTukoHenponatui, Bo3Hn- 2, 18] CunukoHMHayumMpoBaHHas
Kalowmx Bcneacteve Apyrux 3abonesBaHWin M rrmaykoma BO3HMKaeT nocrne BUT-
NMOBPEeXAeHUN Ma3, U XxapakTepu3yeTcsl CTOMKUM  PIKTOMUM C BBEAEHUEM CUITUKO-
noBbIlLEHMEM BHyTpurnasHoro gaenexus (Br[), HoBoromacnawunocne eroygane-
NPUBOAALLMM K nporpeccupyrowien n ObiICTPOM  HUA U3 BUTpPeanbHOW MNONOCTw,
yTpate 3puTenbHbIX yHKUMW. BTopuyHas Heo- 3Ta dpopma rnaykombl CBsidaHa C
BackynspHas rnaykoma (HBI) xapakTepusyetcs aMyrbCUMen CUITMKOHa, ero Mexa-
nponugepaumen HOBbIX COCYOQOB B pagyXke U HUYECKMM BO3OeNCTBMEM, BOCMa-
yrny nepegHen kamepbl, YTO NPMBOANT K Briokage  NUTENbHBIMU peakumMsamMi U guc-
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dyHKLMEN TpabeKynapHON ceTu.
[3-5] YacTo Takue rnasa yxe
NMEIT CTPYKTYPHbIE U3MEHEHUS,
a unbTpaumMoHHas XUpyprus
MOXeT OblTb OCNOXHEeHa ocTaTt-
Kamn CWUIMKOHOBOrO Macna, 4To
YCITOXHSAET [OCTUXeHue cTa-
OMNBHOrO CHWXEeHUs AaBneHus
[6,7].

CornacHo gencTeylOWUM
KITMHWYECKMM pekoMeHaaunam
BTOPUYHbIE TNAYKOMbl Hepeako
COMPOBOXAAKTCA BblpaXXeHHOM
PE3NCTEHTHOCTLIO K MeauKameHr-
TO3HOW Tepanuu un TpebyloT
CBOEBPEMEHHOIO NPUMEHEHUS
anbTepHaTUBHbIX METOOOB CHU-
XeHua Bl. K nasepHbim
MeTogaM Jle4eHUss BTOPUYHOWN
rmaykoMbl OTHOCATCHA NasepHas
TpabekynonnacTuka, roHMonnac-
TVKa, MPUOOTOMUSA, LIMKIOKOTO-
Koarynaumsa n MMKpoOMMNybCcHas
TpaHCccKneparnbHasa nasepHas
yukriodporokoarynauus [18].

Hay4Hble paboTbl, BbINOM-
HEeHHble Mo, pyKOBOACTBOM W Npw
yyactun Ymbetmnapa A.b. u
KypmaHranuesoun M.C., 4eMOHCT-
PUPYIOT BbICOKYH 3 eKTUB-
HOCTb Nna3epHbIX MMNOTEH3UBHbIX
TEXHOMOrMn, B OCOBEHHOCTMN -
CenekTMBHON nasepHon Tpabe-
KynonnacTuUKM MNpu nevyeHum
OTKPbITOYronbHbIX (hopm rray-
KoMbl. OOQHaKoO KIMHWUYeCcKue
AaHHble, Kacawwuecs npume-
HEHMUA OaHHbIX MeTo4OB Npwu
BTOPMYHOM rrlaykome pasrfnyHoun
3TNUONOrnu, orpaHnyeHsl [17, 19,
20].

B uccneposaHum Leszczynski
R., 2004, npun uwunknodgorto-
Koarynaumm y nayuMeHToB C
BTOPUYHOMN rnaykomom 6bino
nokasaHo cHumxeHue Bl', B
cpegHewMm, ¢ ~46 mm pT.CcT. o ~18
MM PT.CT. 3a 12 mecsueB, 0gHaKo
B rpynmne C HeoBackKyrnspusauuen
Habnwganucb cepbe3Hble
ocnoxHeHus [21]. B nocnegHue
rogbl MUKPOMMMYJIbCHAA TpaHC-

CKrnepanbHasa nasepHas LUMKnogoTokoarynsauns
(MU®K) ctana npuBnekatb BHUMaHue Kak MeHee
AECTPYKTMBHAs anbTepHaTuBa Krnaccuyeckomn
umknodotokoarynaumm. B otnndmne ot Tpagu-
UMOHHOM HenpepbiBHOM ¢opmbl (LIOK) mMukpo-
UMMNYMbCHBLIN PEXUM NOJAET NasepHY0 SHEPTUo
cepusaMun KOpPOTKMX "BKMYeHUn" («on») cC
nepuogamn "otabixa" («offy), 4To nossonser
CHMU3UTb TENIOBOE MOBPEXAEHMNE OKPY>KALMX
CTPYKTYP M YMEHbLUUTb PUCK OCIOXHEHWUN, TaKnX
Kak rmnoToHUsA, OTU3NC, BOCNaneHme nnmn noteps
3peHuns [8-10].

De Crom R. M. P. C., 2024 r., B ne4yeHuun
naumeHtoB ¢ NOYI M BTOpPMYHOWN rnaykomMow,
Zemba M. 2022 r., B neyeHum naymeHToOB C
BTOPUYHOM HEOBACKYISIPHOM rMayKkoMow nokasanu
3(pPEeKTUBHOCTb M OTHOCUTENBHYIO 6€30MacHOCTb
ML®OK [2, 22]. Tak, B NpOCNEKTUBHOM KOrOPTHOM
nccnenoBaHuKM ¢ HabngeHnem Ao 4 neT aBTopbl
OBHapyxunu ctabunbHoe cHwxeHue Bl -
npumepHo Ha 31-32 % nNO OTHOWEHU K
MCXOOHbIM 3HAYEHUSIM U CHUXeHWe HeobXo-
ANMOCTU B CUCTEMHbIX FMMNOTEH3UBHbIX Npena-
patax [8]. Tekeli O. B peTpocnekTMBHOM ucche-
JOBaHUKN, BKNwvawwem 96 naunmeHToB C
TepMUHanNbHON K pedpakTepHoOn rnaykomon (B
TOM 4ucrie BTOPUYHOM), AoKasanu, YTo rmnoTeH-
3MBHbIN 3GEKT CoOXpaHsancs Yepes 12 mecsues n
coctaBun okono 64,7 % B rpynne BTOPUYHOM
rmaykombl, XOTsl 4YacToTa peonepaunin B 3TON
rpynne okasanacb Bbllle, YeM Yy MauueHToB C
nepBu4Hom rmaykomom [11].

B HepaBHO onyGnukoBaHHOM MccneaoBaHUK
Szilagyi Z., 2025, nocBAWEHHOM feYeHuto
BTOPUYHOW CUJTMKOHUHOYLIMPOBAHHOW rnaykome,
11 rma3s 6611 nponeyeHsl MUK 1 Habnoganucb
MUHUMYM 24 mecsua. Ycnex (onpeaensiemMbln Kak
cHmxeHne Bl = 20%, B ananasoHe 10-
20 mMm pT. cT., 6€3 NoBTOPHOW npouenypbl) Obin
OOCTUTHYT B 72 % cnyyaes; npu 3TOM 4YUCHO
aHTUrNaykoMHbIX npenapaTtoB He U3MEHMUNOCb, a
octpoTa 3peHunsa (BCVA) octaBanacb cTabunbHom
[10]. B npocnektuBHOM nccnegosaHumn Zbiba W.,
2022, n3 33 rna3 ¢ HEeKOHTPONMPyeMON CUSTUKO-
HUHOYLUMPOBAHHOM rNaykoMoOWn, MOMYyYUBLUNX
MUKPOUMNYNbCHYIO TPaHCCKNepanbHyl nasep-
HYIO uuknodoTokoarynsuuiw, cpeaHee Bl
cHusunocob ¢ ~37,94 MM pT. CT. 4O
~19-20 MM pT. CT. B TeYeHue roga, 4YTo COOT-
BETCTBYET CHWXeHUIO Ha 45 % [12.] Cepb&3HbIX
OCIMOXHEHUN (Takux Kak pTU3uC, AnuTeribHoe
BOcnaneHue) He Habntoganocs [10, 12].
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B uccnepgosaHun Lupseson M coaBTOpPOB
nokasaHo, 4To npumeHeHune MLIOK nepeg
nMnnaHTauyuen knanaHa Axmena y naumeHToB C
pedpaktepHon HBI npuBoguT K ObICTPOMY
cHuxeHuto Bl yxe B nepBble gHu (¢ ~27,5 oo
~23,6 MM pT. CT. B NMepBbln OeHb, OO0 CpefHuX
~20,3 MM pT. CT. - K TpeTbeMy [HI), a B
aonrocpoyHoMm nepuoge (18 mecsaueB nocne
onepaumn) NauueHTbl MMEeNU COonocTaBMMOE C
KOHTPONbHOW rpyrnnon AasBrneHne, HO Mpu 3TOM
MOrnM 06X0AUTbCA MEHbLMM KONIMYECTBOM
rMNOTEH3NBHbIX NpenapaToB (B cpeaHeM 1 BMecTo
2) [1]. Cepb&3HbIX OCMOXHEHUN N NOTepwu
3puTenbHbIX PYHKUMIA He Habntoganocs [1].

BesonacHocTb MU®PK nogrBepxgaetcs
cuctematnyeckumm obsopamu. B mccnegosaHum
Johansyah C.A.P., 2024, 6bino nokasaHo, 4TO
yacToTa CepPbE3HbIX OCMOXHEHUN 3HaYUTENbHO
HUXE Y MUKPOUMMYNbCHOW fnas3epHon LKUKMNO-
doToKOarynsumMm no CpaBHEHUIO C HenpepbIBHO-
BonHoBon (CW) uumknodpotokoarynaumen, torga
Kak adpdpeKTUBHOCTb B CHMXeHun Bl ocTaétcs
conoctasumowm [9].

OpHako, ocTaeTcs BOMPOC OTHOCUTESIbHO
MexaHu3mMa FMNOTEH3UBHOINO AENCTBUSA NpU
BTOPUYHbIX popMax rriaykomMmbl. BoamoxHO,
NMOMMMO NPAMOro BAUAHUA Ha 3ANUTENUN
LUUNnMapHoOro Tena, CHWXEHUs NpoayKuumn BHYTPU-
rMasHOM XXUAKOCTU U YCUIEHUS yBeOCKNepansHOro
OTTOKa MrpatT pofib MOAYNsUMSA BOCNaneHus,
BOCCTAHOBMEHME TKAHEBOW apXUTEKTOHWKMA WK
BNUSHWe Ha nepepacnpeaeneHune ottoka [13-16].

Euwe ogHom HepelueHHOW 3afaden ABNAOTCS
napamMmeTpbl fnevyeHnsa (3KCNo3nuUus, MOLLHOCTb,
naysbl, obLiee Bpemsa BO3OENCTBUA), TaK Kak HeT
€0WHbIX CTaHOapPTU3MPOBAHHbLIX NapaMeTpoB Ans
pasnu4yHbIX TUNOB BTOPMYHON rnaykombl. MHorve
KNMHUYeCcKne OTYETbl MCNOMb3YKT pasHble
NPOTOKOSbI, YTO 3aTpPyAHSIET CPaBHEHVE Mexay
nccnegoBaHMaAMU U (PoOpMynMpPOBKY yYHUBEpPCarb-
HbIX peKOMeHLaLnn.

Taknm obpasom, MUKpPOUMNYNbCHas TpaHC-
cknepanbHasa uukrnodoTokoarynsaums npegcras-
naet cobor NepcrnekTUBHbIN, MeHee OeCTpyk-
TMBHbBIA U OTHOCUTENBbHO GEe30nacHbIN NasepHbIn
MEeTOA A5 NeYeHns1 yCTONYMBbBIX POPM rNayKoMbl,
B TOM 4uCne BTOPUYHbIX, TaKMX Kak HeOBaCKy-
NapHag U CUNMKOHMHAYLMPOBaHHAsS rnaykoma.
Tem He MeHee eé& onTMManbHOe MNpPUMEHEHUe,
BbIOOp NapaMeTpoB U MECTO anropuTMoB TpedyroT
JanbHenLwmnx nccnegoBaHun.

Lenb paboTbl - oueHUTb 3PHEKTUBHOCTb

MU®DK B neyeHun BTOPUYHON
rnaykombl.

MaTtepuan u MmeToabl

B wnccneposaHne BKMHOYEHDI
11 naumeHTtoB (11 mas) c BTO-
pUYHOM rnaykomMon. Y 6 naumen-
TOB UMeria MecTO CUITUKOHUHAY-
UMpoBaHHasa rnaykoma, passuB-
wadacs nocne cybrtotanbHoOM
BUTPOKTOMUWN C TaMMoHagoun
BMTpeasibHOMW MNONOCTU CUNu-
KOHOM, NpOBeAEHHOW NO nosoay
TpakuMOHHO-NepdopaTUBHON
OTCITOWMKW ceT4yaTKM Ha (oHe
muonun. Y 5 nauyueHtoB (5 rnaa)
BbisiBNeHa HeoBacKynsapHas
rmaykoma, pas3BuBLIAACSA Ha
doHe nocTtTpombBoTMYECKOm
petvHonatum y 4 naumeHTtoB (4
rnasa) v nponudepaTtuBHOM
cTagum anabetuyeckon peTuHo-
natmm - y 1 nauunenta (1 rmaas).
PaHee 1-my nayumeHTy C CUINNKOH-
WHUOYUMPOBAHHOMW riayKoMown
Oblna NpoBefeHa rmnoTeH3NBHas
onepauyusa ¢ umnraHtayuen
apeHaxa, 1 naumeHty ¢ HBI -
TpabekynakTomMunsa. Y4dutbiBas
oTcyTCcTBME ahbheKkTa OT rmnoTeHx-
3MBHbIX Oonepauun, NauneHThbl
ObInM HanpaeneHbl Ha MLIOK

MauneHTam 6bINO NpoBeaeHO
ogTanbmonornyeckoe obcneno-
BaHWe, BKMyawLllee BU3OMET-
puUto, TOHOMETPUKD C UCMONb30-
BaH Corvis ST, BoOMUKpPOCKOMUIO
nepegHero otpeska, ogranbmo-
CKOMWIO, FOHMOCKONMUIO.

MukpoumnyrnbcHasa TpaHc-
CKrnepanbHasg nasepHas LUMWKIIO-
doToKoarynsauua nposogunach
no metoauke, NpeanoXeHHOoWn
Aquino et al.,, 2015, ¢ wcnonb-
3oBaHMem annapata Quantel
Medical Vitrae 810 B Hawen
moamndukaummn [23]. B nocne-
ornepauMoHHOM rnepuoae BCEM
naumeHTam HasHayanucb MecCT-
Hble CTepouaHble npenaparbl Ha
2 Hepenu c nocreaywLwmm nepe-
XOAOM Ha HecTepougHble Mpo-
TMBOBOCMNANUTENbHbIE CPeacTBa
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npu OTCYTCTBMW Bocnanutenb-
HbIX NPOLECCOB B nepegHemn
kamepe. KoHTponb BI'[] ocyuiecT-
BnancsaHa 1, 3,7, 14 cyTku, Yepes
1,2, 3 mecsiua.

[Ons oueHKn OUHaAMWUKK
BHYTPUIIa3HOro AaBfieHUs uc-

PesynbraTthl
Cpok HabntogeHust coctaBun 6 MecsueB.

nonb3oBanun napHbln t-Tect AnNA 3aBUCUMBbIX
BblGopok. BI[] 4o BMellaTenscTBa cpaBHMBanNm ¢
nokasartensamu Ha 1, 3, 7, 14 cytku, 4Yepe3 1, 2, 3
Mecsaua. lNonoXmtenbHbln TMNOTEH3UBHbLIN
ahpekT cumtanca npu cHxeHum Bl 6onee 20%
nocne nposeaeHna mLIOK.

24,4

Z
*
K

Bpema HabawgeHna

PucyHok 1. MNMokasatenu Bl y nauneHToB ¢ CUNTMKOHNHAYLMPOBAHHOM rMayKOMON

Kak cnepyet u3 npeacras-
NEHHbIX Ha pUCYHKe 1 AaHHbIX,
OTMeyYaeTCs 3HaYUTESbHbIN rUrno-
TEH3UBHbIN 3PAEKT: CHUXKEHUE
ypoBHa Bl[l B 2,4 pasa no
CPaBHEHUIO C UCXOAHbIMW [aH-
HbIMMU B CPOKM OO 6 MecsueB C
42 17 mm pT.CcT. A0 17,38 MM pT.CT.
Ana naymeHTOB C BTOPUYHOWN
CUSTUKOHUHAYLMPOBAHHOW rray-

31,8

G

MM pT.C.T
P

o
=]

KOMOW ObIn NpoBeAéH napHbIn t-TeCT ANs OUEHKN
anHamukn B nocne mL®K. CpeaHee ncxogHoe
Bl coctaBuno 42,93 mm pt. cT. Yepes 1 mecsu
Habnwganocb CHWXeHue go 24,4 mm pT. CT.
(59,24% ) (t=5,4, p =0,003), yepes 3 mecsaua - 4O
19,68 mm pT. cT. (54,16%) (t = 4,50, p = 0.006),
Yyepes 6 mecaueB-a0 17,38 mm pT. CT. (59,52%) (t =
4,21, p = 0.008). Taknum o6pasom, rmMNOTEH3NBHbLIN
apdekt MUDK aBnaetca ctaTUcTyeckn OOCTO-
BEPHbIM Ha BCeX aTanax HabnogeHus.

> > > >
& & & & &

LR T S

> N X kS ©

epema HabawgeHuAa

PucyHok 2. dnHamuka Bl y naumMeHToB C HEOBACKYISIPHOW 1ayKOMOW
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MaymeHTbl C HeoBaCKyNsipHOM rflaykoMomn
AEMOHCTpMpOBann yMepeHHoe CHuxeHue Bl
nocne MU®K: yepes 1 mecsauy — ¢ 31,80 go 25,96
MM pT. cT. (t = 3,3, p = 0.03), yepes 3 mecsaua — oo
24,80 mm pt. cT. (t = 2,01, p = 0,11). OgHako Kk 6
Mecsuam Habnganock nosbiweHne Bl oo 27,8
MM PT. CT., U pasnun4ymne ¢ UICXoL4HbIM yPpOBHEM CTaso
cTaTtucTu4eckn HepoctoBepHbim (t = 0,78, p =
0,48), 4TO CBMAETENLCTBYET O CHUXXEHUN TUMOTEH-
3mBHOro acppekta MLIOK B aTom rpynne.

Mpu getanbHOM aHanuse 3(P@PEKTUBHOCTHU
ML ®K npn BTOpUYHOM rmaykome Ha 1 cyTku nocne
onepauun y 6 nauymeHtoB m3 11 (6 rnas)
Habnoganocb cHWkeHue BI[l, B cpegHem, Ha
16,58 mm pT1.cT. (49%), vy 3 naumeHtoB Bl
cHusunocb mMeHee 20%, y 1 naumeHta BI[ He
N3MEHUITOCb N Yy OAHOro NaumeHTa Habntogancs
nogbem Bl Ha 21 MM pT.CT. C nocnegywLwmnm
CHMXEeHNnemM OO0 UCXOOQHOro Ha 3-n OeHb u
He3Ha4YnTenbHbIM CHUWXeHnem (MeHee 20%) B
nocneaytowme nepuogbl HabnogeHus. Ha 3 cytkm
y 7 naumeHToB CHwxeHue BI'[l, B cpegHem, cocta-
Buno 18,17 mm pt.ct. (49,1%), npn atom y 3
naumeHtoB Bl cHusmnnocb meHee 20% (aHano-
rMYHble NepBoMy AHK), ¥y 1 naumeHTa Habnwoaa-
nocb noeblweHne Bl Ha 7 MM pT.CT., C nocne-
aywowmm cHmkeHnem Bl 6onee 20% B nocne-
aywowme nepmoabl HabnogeHus. Ha 7 geHb y 9
naumeHToB cHwxeHue BI[] coctaBmno18,25 mm
pT.CcT. (47,19%), npn atom y 2 nauueHToB B[]
CHM3MNocb MeHee 4Yem Ha 20%. Ha 14 pgeHb y 8
nauneHToB n3 11 cHmxeHnune Bl 66110, B cpeaHem,
Ha 18,51 mm pT.cT. (45,99%), npu atom y 3 naum-
€HTOB TUNOTEH3UBHbIN 3PdeKT Obifl, HO He
npesbiwan 20%. Yepes 1 mecAy nocne onepauuu
y 8 nauMeHTOB COXpPaHANCA rMNOTEH3UBHbLIN
adpdekT, Ho, B cpeaHeM, BI'[l Gbino CHMXEHO Ha
15,85 mm pt.cT. (39,38%) No cpaBHEHUIO CO
cpegHum Bl y atux nauymeHtoB o MUK, y 2
NauneHToB TMNOTEH3NBHbIN 3PdEKT He npeBbl-
wan 20%, y ogHoro nauueHTta Bl BepHynocb K
nepBOHa4YanbHbIM 3HAYEHUAM C MOCHEeaYHLWNM
cHuxeHvem B[] 6onee yem Ha 20% ko 2-my 1 3-my
mMecsLam HabnigeHnsa n nogbemy Ha 5 Mm pT.CT.
(Ha 20% oT ncxogHoro) K 6-my mecsauy Habnwoae-
Hus. Yepes 3 mecsaua nocrne mU®PK runoteHaus-
Hblh adpdekT 6bin y 8 nauymeHtoB M3 11, u
cHmwxeHne Bl coctaBuno 21,68 mm prT.CT.
(53,69%), y 3 naumnenToB BI'[] cHM3unocb meHee
4yeM Ha 20% OT UCXOAHOrO, r'MMOTEH3UBHLIN 3d-
deKT Obln1 NONOXUTENbHLIN Y 5 U3 6 NnauneHToB B
rpynne BTOPUYHOW CUSNTMKOHUHAYLNUPOBAHHOM

rnaykomsbl, ny 3 n3 5 naumeHTosB -
B rpynne HBI. Yepes 3 mecsua
rMMNOTEH3UBHBIN 3PEKT y nauu-
€HTOB COXPaHSANICA U COCTaBun y
8 nauueHTtoB 20,62 MM pT.CT.
(51,06%), y 2 naumenTtoB Bl
CHM3NNOCb MeHee 4YeM Ha 20%, y
ogHoro nauweHTta ¢ HBI, noct-
poMBOTMYECKON peTMHOoNaTUEN,
BI'[]l noBbicuiiocb Ha 2 MM PT.CT.
(6,25%) oT ucxogHoro, a K 6-my
mecsuy - Ha 10 mm pT.cT. (31,25%)
OoT ucxogHoro. K 6-my mecsauy
HabnogeHnay 8 3 11 nauneHToB
Habnwgancsa rMNOTEH3UBHBbIN
adpdpekT, cHmkeHune B[, B cpea-
HeM, cocTaBuSio 22,84 MM pT.CT.
(56,75%), y 1 nauyneHTa u3
rpynnbl CUNMKOHUHAYLMPOBAH-
HOWM rnaykomMbl He Habntoganochb
CTaTUCTUYECKN 3HAYMMOrO CHMU-
XeHus B, y 2 naumeHTOB 13
rpynnbl HEOBaCKynsipHOW rnay-
KoMbl (1 - nocTTpomMbBOTMYECKOM
petuHonatnen, 1 - aunabetun-
4YecKon peTuHonaTtuemn) Kk 6-my
Mecdauy Habnganocb NoOBbI-
weHwne BIrI.

MoBboyHble 3apdekTbl Hab-
noganuck B 45,45% cny4aes (5
rna3). Hanbonee vacto BCTpe-
Yanocb yMepeHHoe BocnaneHume -
B 27,27% cny4aeB (3 rnasa),
muapuas - y 36,36% naumeHToB
(4 rmas), rmdema - 18,18% (2
rnasa). 3HauuTenbHbIX U Ann-
TENbHO COXPaHSHLLNXCS OCIOX-
HEeHU He Habnwganocb, 4TO
noaTBepxgaet 6e30nacHOCTb
mMeToaa.

3aknoyeHue

Takum obpasom, nornyveHHble
npeaBapuTenbHble gaHHble
cBuaeTenbCcTByOT 06 adhek-
TUBHOCTU MU®K B neyeHuwm
BTOPUYHOM rMNaykoMbl, 4yepe3 6
MecsaueB Yy nauueHToB Habno-
nanocb cHwxeHwe BI[l, B cpen-
HeMm, ¢ 37,45 mm pT.cT. go 22,11
MM PT.CT., TMMOTEH3UBHbIN 3-
deKkT, B cpegHem, cocTaBun
40,96%.

Odranbmonoruyeckui xxypHan KasaxcrtaHa Ne 1 (23) 2026




JINTEPATYPA

1. Wwupsaes WN. B., CocHoeckunn C. B., lNpaBocynosa M. M., lNaHoBa WN. E.
MukpoumnynbCHasa uuknodgoTokoarynsauna B KOMOMHUPOBAHHOM feYeHun
HeoBackynapHou rnaykomsl / V. B. Wnpsies, C. B. CocHosckuin, M. M. MNpaBocynos.a,
N. E. MaHoBa. — Odpranbmoxmpyprus.- 2023.- Ne 4.

2. Zemba M., Dumitrescu O.-M., Vaida F., Dimirache E.-A., Pistolea |., Stamate
A.C., Burcea M., Branisteanu D.C., Balta F., Barac |.R. Micropulse vs. continuous wave
transscleral cyclophotocoagulation in neovascular glaucoma // Exp Ther Med. - 2022. -
Vol.23,No.4.-P.278.-DOI: 10.3892/etm.2022.11207.

3. Ge L., Su N., Fan W,, Yuan S. Risk factors and management of intraocular
pressure elevation after vitrectomy combined with silicone oil tamponade // Int J Gen
Med. -2024.-Vol. 17.-P.447-456.-DOI: 10.2147/IJGM.S446617.

4. Sahoo N.K., Balijepalli P., Singh S.R., Jhingan M., Senthil S., Chhablani J. Retina
and glaucoma: surgical complications // Int J Retina Vitreous. - 2018. - Vol. 4. - P. 29. -
DOI: 10.1186/s40942-018-0135-x.

5. Cupoposa A.B., CtapoctnHa A.B., HopmaH K.C., CyntaHosa .M., nbunposa
C.M., MakapoBa W.A. OTnonatoreHes 1 CyLeCTBYOLLME METOAbI JIEYEHUSI BTOPUYHOWN
«CUITMKOHOBOWMY rnaykoMbl // OdpTanbemoxunpyprug. - 2022. - Ne 4.

6. Cornacel C., Dumitrescu O.-M., Zaharia A.C., Pirvulescu R.A., Munteanu M.,
Tataru C.P., Istrate S. Surgical treatment in silicone oil-associated glaucoma //
Diagnostics. -2022.-Vol. 12, No. 4.-P. 1005. - DOI: 10.3390/diagnostics12041005.

7. Kornmann H.L., Gedde S.J. Glaucoma management after vitreoretinal surgeries
/I Curr Opin Ophthalmol. - 2016. - Vol. 27, No. 2. - P. 125-131. - DOI:
10.1097/1CU.0000000000000238.

8. de Vries V.A., Pals J., Poelman H.J., Rostamzad P., Wolfs R.C.W., Ramdas W.D.
Efficacy and safety of micropulse transscleral cyclophotocoagulation // J Clin Med. -
2022.-Vol. 11,No.12.-P.3447.-DOI: 10.3390/jcm11123447.

9. Johansyah C.A.P., Bambang L. A systematic review of cyclophotocoagulation
techniques: continuous wave versus micropulse for glaucoma treatment // Beyoglu Eye
J.-2024.-Vol.9,No.1.-P.1-7.-DOI: 10.14744/bej.2024.47123.

10.Szilagyi Z., Kranitz K., Nagy Z.Z., Recsan Z. Micropulse transscleral
cyclophotocoagulation results in secondary glaucoma // Life. - 2023. - Vol. 13, No. 5. - P.
1149.-DOI: 10.3390/1ife13051149.

11. Tekeli O., Kése H.C. Outcomes of micropulse transscleral cyclophotocoagulation
in primary open-angle glaucoma, pseudoexfoliation glaucoma, and secondary
glaucoma // Eur J Ophthalmol. - 2021. - Vol. 31, No. 3. - P. 1113-1121. - DOI:
10.1177/1120672120914231.

12.Zbiba W., Sayadi S., Kharrat M., Daoued M. Efficacy and Safety of Micropulse
Transscleral Laser Therapy in Silicone QOil-induced Glaucoma // Journal of Glaucoma.
2022.Vol.31,Ne 8. P.689-693. DOI: 10.1097/IJG.0000000000002051.

13.Kaba Q., Somani S., Tam E., Yuen D. The Effectiveness and Safety of Micropulse
Cyclophotocoagulation in the Treatment of Ocular Hypertension and Glaucoma //
Ophthalmology Glaucoma. 2020. Vol. 3, Ne 2. P. 109-118. DOI:
10.1016/j.0gla.2020.02.005. PMID: 32672613.

14.Sanchez F.G., Grippo T.M. Micropulse Transscleral CPC: An Evidence Review.
Exploring the Ideal Laser Energy Parameters and Potential Dose-Dependent Effect //
Glaucoma Today. 2019.

15. Youssef G.H.A., Sharawy A.l.,, Saeed A.M., Elsayed M.A., Abdel Latif A.A.M.
Micropulse transscleral diode laser cyclophotocoagulation as a treatment modality for
glaucoma patients // Journal of the Egyptian Ophthalmological Society. 2022. Vol. 115,
Ne 3. P.123-129. DOI: 10.4103/ejos.ejos-37-22.

KasakctaH odpransmonoruansik xxypHanesl Ne 1 (23) 2026




16.Kimura A., Nakashima K.-I., Inoue T. Correlation between intraocular pressure
reduction and anterior chamber aqueous flare after micropulse transscleral
cyclophotocoagulation // BMC Ophthalmology. 2021. Vol. 21. Article 266. DOI:
10.1186/s12886-021-02012-3.

17. KypmaHranuesa, M.M., Ymbetnap A.B. S(PpPpeKTMBHOCTb CENeKTUBHOMN
nasepHon TpabekynonnacTukmM y OGONbHbLIX OTKPbITOYFrOSIbHOW TfTayKOMOW.
depopoBckne yteHus - 2011. Paspgen Xll. Mmaykoma. - Kaszaxckui Hay4HoO-
mccnenoBaTenbCKMN UMHCTUTYT rnasHblx 6onesHen. - OAI-PMH ID:
oai:eyepress.ru:article9107.

18.[MaykoMbl BTOpPUYHbIE Y B3POCHbIX: KNMHMYECKMe pekomeHgauumn PO 2024 /
PecnybnukaHckunin LeHTp pa3BuTUS 3gpaBooxpaHeHust. - 2024, - ONeKTPoH. AaH.

19.KypmaHranuesa, M. M. KnuHuko-akcnepumeHTanbHoe obocHOBaHue
ONTUMM3aLMM CUCTEMbI XMPYPrMYECKoro nevyeHnsa 6onbHbIX rnaykoMomn: aBstopedepar
Auncc. ... AOKT. meq. Hayk: 14.00.27; 14.00.08 - AnmaTbl, 2006. - 34 c.

20.KypmaHranueBa M. M., YmMGeTtnap A. b. CpaBHUTENbHbLIN aHanus
rTMNOTEH3MBHOW 3(P(PEKTUBHOCTN CENEKTMBHOW nasepHon TpabekynonnacTtuku //
KasaxcTaHckui opTanbmosrnorndyecknin xypHan. - 2023. - T. 17, Ne 3. - C. 45-52. - URL.:
https://eyeinst.kz/upload/files/81188_623177_11.pdf

21.Leszczynski R., Gierek-Lapinska A., Forminska-Kapuscik M. Transscleral
cyclophotocoagulation in the treatment of secondary glaucoma // Medical Science
Monitor. 2004. - Vol. 10, Ne 9. - P. CR542-CR548. - Epub 20.08.2004. - PMID:
15328489.

22.de Crom R. M. P. C., Kujovic-Aleksov S., Webers C. A. B., Berendschot T. T. J. M
Beckers H. J. M. «Long-Term Treatmeht Outcomes of Micropulse Transscleral
Cyclophotocoagulation in Primary and Secondary Glaucoma: A 5-Year Analysis» //
*Ophthalmology and Therapy*. - 2024. - Vol. 14, pp. 323-335. - DOI:
10.1007/s40123-024-01080-0.

Aquino M. C. D., Barton K., Tan A. M. W,, Sng C,, Li X., Loon S. C., Chew P. T.
Micropulse versus continuous wave transscleral diode cyclophotocoagulation in
refractory glaucoma: a randomized exploratory study // Clinical & Experimental
Ophthalmology.-2015.-T.43,Ne 1.-C.40-46.--DOI: 10.1111/ce0.12360.

PE3IOME

[MepBbIi ONbIT MPUMEHEHUS MUKPOUMIYFIbCHOW TPaHCCKepanbHOW fiasepHomn
LMKIOMNNacTUKK B fIe4eHUM BTOPUYHON rnaykombl T.K. Borabekosa'?, H.A. Angawesa’,
A.[.WawkeHosa'?

'TOO «Kasaxckuit opaeHa «3Hak [MoyeTa» Hay4HO-MCCreaoBaTeNIbCKUi MHCTUTYT
rnasHbix bonesHen», KazaxcraH, Anmarbl

’HYO «KasaxcTtaHcko-Poccuiicknii MeauumHCKM yHuBepcutety», KasaxcrtaH,
Anmarbl MpenctaBneHbl NnpeaBapuUTenbHble OaHHble O NMPUMEHEHUN
MUKPOUMIMYIbCHOW TpaHCCKepanbHOM nasepHon uuknonnactukn (mTJIL) y 11
nauyweHToB (11 rnas), U3 KOTOpbIX 6 C CUNUKOHUHAYLMPOBAHHOM rnaykoMon u 5 ¢
HeoBacCKynaApHOM rrnaykomoun, (4 ¢ nocTtTpomMbGoTMYecKon peTuHonatmen, 1 c
nponudepaTnBHon anabetTnyeckon petnHonatuen). Bo3pacT nauneHToB cocTaBnan
OT 24 o 76 net. InntenbHOCTb rnaykoMbl OT 6 mecsues o 19 net. NpegluecTsytowimne
onepauuu 6b61nn B 90,9% cny4vaes, B Tom yncne ®IOK+UNOJ (9), Tpabekynoaktomus (1),
UMNaHTauUMl ApeHaxHbliX ycTponctB (1) u BUTpeopeTuHarnbHble onepauumn c
NPUMEHEHNEM CUITMKOHA U UMMaHTaLMM UCKYCCTBEHHOIO Xpyctanuka (6 rnas). Cpok
HabnoaeHns coctaBun 6 mecaues. MMnoTeH3nBHbIN 3ddekT nocne nposeaeHms MTJIL
Habnoganca y 81,82% nauneHToB yepes 1 mecsu ny 54,55% vepes 6 mecaues. MTJIL
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apnaetTca 9P@EKTUBHbIM MEeTOOOM CHUXEHUSA BHYTPUrnIasHoro gaBneHus,
noaxoaswmm Ang nauneHToB ¢ pasnuyHbiMU hopMamu rraykomMbl U BO3MOXHOCTbLIO
NMOBTOPHOIO NPUMEHEHUS.

KrnioueBble crnoBa: rnaykoma, BHyTpuUrfiasHoe AaBrieHune, fnasepHoe neveHue,
MUKPOMMMYIbCHAsA TpaHCCcKiepanbHaa nasepHad uywuknonnactuka, mTIIL,
aHTUrnaykomMmHas repanusi.

T¥XKbIPbIM

EKiHWINIK rmaykomMaHbl emaeyae MUKponynbCTi TpaHCccKnepanabl flasepnik
UMKNonnacTukaHbl KongaHyablH anfallkbl Toxipuoeci
T.K. botabekosa'’, H.A. Anpgawesa’, A.[].LLlankeHosa'?
1 «Kasak ke3 aypynapbl fbifibiMu-3epTTey MHCTUTYThI» XKLLC ( «Kypmet 6enrici»
opaeHi), KasakctaH, Anmarbl
2 «KasakcTtaH-Pecen megunumHanslk yHuBepcuteTi» KEAK, KasakctaH, Anmarhl

11 naumeHTke (11 K63) MUKPOMMMNYMbCTIK TpaHCcCKNepanablk nasepnik
yuknonnactukadbl (MTJIL) kongaHy 6GombliHWA angblH ana gepekTep YCbIHbINAgb.
OnapapblH, iWwiHge 6-bl — CUNMKOH-UHAYLMPIIEHrEeH rnaykomMa, 5-eyi — HeoBacKynsaprblK
rmaykoma (4 — nocttpoMboTuKkanblk peTuHonatms, 1 — nponudepatmsTi oMabeTTik
peTuHonaTtus). NauneHTTepain, xacbl 24-TeH 76 xacka geviH 6onabl. MaykoMaHbiH,
y3aKTbifbl 6 argaH 19 xbinFa aeniH esrepai. bypbiHebl onepaunanap 90,9% xafganga
OpbIH anfaH, rnaykoma 6ombliHLIa 2 NaumMeHTKe onepauuns xxacanfaH, an kesre xacarnraH
onepauuanapgbiH optawa caHbl 1,8 6ongbl. BypblHFbI XUMPYPrUAnblk apanacynap
Tapuxel @IK+UOJT (9), Tpabekynaktomus (1), ApeHax KypblfifbliapblH
nmnnaHTauyuanay (1) XeHe CUNMKOH KongaHyMeH BUTPeopeTuHanablK onepauusanap
MeH XacaHAbl NWH3aHbl MMNNaHTauuanay (6 ke3) cusAKTbl apanacynapabl
kamTblgbl.bakbinay mepsimi 6 angbl kypagbl. MTJILL Xypri3inreHHeH KeniHri
rMNOTEH3MBTIK acep 1 arvaa HaykacTtapabiH 81,82%-biHaa, an 6 anpga 54,55%-biHAa
6ankangbl.MTJIL, — epTypni rnaykomMa Typnepi 6ap naumeHTTep yLWiH TMiMai, kKanTtanan
KongaHyfa MyMKiHAIK 6epeTiH, Ke3 iLWinik KbicbIMAbl TOMEHAETYAiIH HOTVXKENi 8AiCi.

TyliH ce30ep: eanaykoma, Ke3iWinik KbiCbIM, nasepsiik emoey, MUKPOMynbcmi
mpaHccKrepanbObl 1a3eprnik yuknonnacmuka, M T/IL|, anaykomara KapCbl mepariusi.

SUMMARY

The first experience of using micropulse transscleral laser
cyclophotocoagulation in the treatment of secondary glaucoma
T.K. Botabekova®.?2, N.A. Aldasheva’, A.D. Shaikenova'.?
' LLP “Kazakh Order of the Badge of Honor Research Institute of Eye Diseases,”
Almaty, Kazakhstan
2 NJSC “Kazakh-Russian Medical University,” Almaty, Kazakhstan

Preliminary data are presented on the use of micropulse transscleral laser cycloplasty
(mTSLC)in 11 patients (11 eyes), including 6 with silicone-induced glaucoma and 5 with
neovascular glaucoma (4 with post-thrombotic retinopathy and 1 with proliferative
diabetic retinopathy). The patients' ages ranged from 24 to 76 years. The duration of
glaucoma varied from 6 months to 19 years. Previous surgeries had been performed in
90.9% of cases; glaucoma-related procedures were noted in 2 patients, with an average
of 1.8 surgeries per eye. The history of prior surgical interventions included
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phacoemulsification with IOL implantation (9), trabeculectomy (1), implantation of
drainage devices (1), and vitreoretinal surgeries with silicone oil and artificial lens

implantation (6 eyes).

The follow-up period was 6 months. A hypotensive effect after mTSLC was observed in
81.82% of patients at 1 month and in 54.55% at 6 months.
mTSLC is an effective method for reducing intraocular pressure, suitable for patients
with various forms of glaucoma and allowing for repeat treatments.

Keywords: glaucoma, intraocular pressure, laser treatment, micropulse transscleral

laser cycloplasty, MP-TSCPC, antiglaucoma therapy.
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INTRODUCTION

Secondary glaucoma represents a hetero-
geneous group of optic neuropathies that develop
as aresultof other ocular diseases orinjuries and is
characterized by persistent elevation of intraocular
pressure (IOP), leading to progressive and rapid
loss of visual function. Secondary neovascular
glaucoma (NVG) is characterized by the
proliferation of new vessels in the iris and anterior
chamber angle, which leads to blockage of angle
structures and persistent IOP elevation. [1, 2, 18]
Silicone oil-induced glaucoma arises after
vitrectomy with silicone oil injection and following
its removal from the vitreous cavity. This form of
glaucoma is associated with silicone emulsi-
fication, mechanical effects, inflammatory reac-
tions, and dysfunction of the trabecular meshwork.
[3-5] These eyes often already have structural
changes, and filtration surgery may be complicated
by residual silicone oil, making stable IOP reduc-
tion more challenging. [6, 7].

According to current clinical guidelines,
secondary glaucomas are often associated with
pronounced resistance to medical therapy and
require timely implementation of alternative 10P-

lowering methods. Laser treat-
ment options for secondary glau-
coma include laser trabe-culo-
plasty, gonioplasty, iridotomy,
cyclophotocoagulation, and
micropulse transscleral cyclo-
photocoagulation (MP-CPC)[18].

Studies conducted under the
guidance and participation of
Umbetiyar A.B. and Kurman-
galieva M.S. demonstrate high
efficacy of laser hypotensive
technologies, particularly selec-
tive laser trabeculoplasty, in the
treatment of open-angle glau-
coma. However, clinical data on
the use of these methods in
secondary glaucoma of various
etiologies are limited [17, 19, 20],

In the study by Leszczyniski R.,
2004, cyclophotocoagulation in
patients with secondary glau-
coma showed a reduction in IOP
from approximately 46 mmHg to
18 mmHg over 12 months,
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although patients with neo-
vascularization experienced
severe complications. [21] In
recent years, micropulse trans-
scleral cyclophotocoagulation
has attracted attention as a less
destructive alternative to con-
ventional cyclophotocoagulation.
Unlike the traditional continuous-
wave (CW) form, the micropulse
mode delivers laser energy in a
series of short “on” pulses with
“off” periods, reducing thermal
damage to surrounding structures
and lowering the risk of
complications such as hypotony,
phthisis, inflammation, or vision
loss [8-10].

De Crom R.M.P.C., 2024, in
the treatment of patients with
primary open-angle and secon-
dary glaucoma, and Zemba M.,
2022, in the treatment of patients
with secondary neovascular
glaucoma, demonstrated the
efficacy and relative safety of MP-
CPC. [2, 22] In a prospective
cohort study with follow-up up to 4
years, the authors observed a
stable 10OP reduction of approxi-
mately 31-32% from baseline
and a decreased need for
systemic hypotensive medica-
tions. [8] Tekeli O., in a retro-
spective study including 96
patients with terminal and
refractory glaucoma (including
secondary), showed that the
hypotensive effect persisted at 12
months and reached about 64.7%
in the secondary glaucoma group,
although the reoperation rate was
higher than in primary glaucoma
patients [11].

In a recently published study
by Szilagyi Z., 2025, 11 eyes with
secondary silicone oil-induced
glaucoma were treated with MP-
CPC and followed for a minimum
of 24 months. Success (defined
as 220% IOP reduction, within 10-
20 mmHg, without repeat

procedures) was achieved in 72% of cases; the
number of anti-glaucoma medications did not
change, and best-corrected visual acuity (BCVA)
remained stable. [10] In a prospective study by
Zbiba W., 2022, of 33 eyes with uncontrolled
silicone oil-induced glaucoma treated with MP-
CPC, mean IOP decreased from ~37.94 mmHg to
~19-20 mmHg over 12 months, corresponding to a
45% reduction [10, 12]. No serious complications,
such as phthisis or prolonged inflammation, were
observed.

In the study by Shiryaeva et al., MP-CPC before
Ahmed valve implantation in patients with
refractory NVG led to a rapid IOP reduction within
the firstdays (from ~27.5 mmHg to ~23.6 mmHg on
day 1, and to ~20.3 mmHg by day 3), and at 18
months postoperatively, patients maintained
comparable IOP to the control group while using
fewer hypotensive medications (on average 1
instead of 2). [1] No serious complications or loss of
visual function were reported [1].

The safety of MP-TSCPC is supported by
systematic reviews. In the study by Johansyah
C.A.P., 2024, the frequency of serious compli-
cations was significantly lower with micropulse
cyclophotocoagulation compared to continuous-
wave (CW) cyclophotocoagulation, while 10P-
lowering efficacy remained comparable [9].

However, the mechanism of the hypotensive
effect in secondary glaucoma remains unclear. In
addition to direct effects on the ciliary epithelium,
reduction of aqueous humor production, and
enhancement of uveoscleral outflow, modulation of
inflammation, restoration of tissue architecture,
and redistribution of outflow may also play a role
[13-16].

Another unresolved issue concerns treatment
parameters (exposure, power, pulse duration, total
treatment time), as there are no standardized
protocols for different types of secondary
glaucoma. Many clinical reports use varying
protocols, complicating comparisons between
studies and the development of universal
recommendations.

Thus, micropulse transscleral cyclophoto-
coagulation represents a promising, less destruc-
tive, and relatively safe laser method for treating
refractory forms of glaucoma, including secondary
forms such as neovascular and silicone oil-induced
glaucoma. Nevertheless, its optimal application,
parameter selection, and place in treatment
algorithms require further investigation.
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The aim of our study is to evaluate the efficacy of
MP-CPC in the treatment of secondary glaucoma.

Material and Methods

The study included 11 patients (11 eyes) with
secondary glau-coma. Six patients had silicone
oil-induced glaucoma, which developed after
subtotal vitrectomy with vitreous cavity tam-
ponade using silicone, performed for tractional-
perforative retinal detachment in the context of
myopia. Five patients (5 eyes) had neovascular
glaucoma, which developed on the back-ground of
post-thrombotic retino-pathy in 4 patients (4 eyes)
and proliferative diabetic retinopathy in 1 patient (1
eye). Previously, one patient with silicone oil-indu-
ced glaucoma underwent a hypotensive procedure
with drainage implantation, and one patient with
NVG underwent trabeculectomy. Due to the lack of
effect from prior hypotensive surgeries, these
patients were referred for micropulse transscleral
cyclophoto-coagulation.

All patients underwent a comprehensive
ophthalmologic examination, including visual
acuity testing, tonometry using Corvis ST, anterior
segment biomicroscopy, ophthalmoscopy, and
gonioscopy.

Results

MP-CPC was performed

according to the method
proposed by Aquino et al., 2015,
using the Quantel Medical Vitrae
810 device with our modifications.
[23] In the postoperative period,
all patients were prescribed
topical steroid medi-cations for 2
weeks, followed by nonsteroidal
antiinflammatory drugs (NSAIDs)
if no anterior chamber inflamma-
tion was observed. IOP was
monitored ondays 1, 3, 7, and 14,
and at 1, 2, and 3 months after the
procedure.
To evaluate |IOP dynamics, a
paired t-test for dependent
samples was used. Preoperative
IOP values were compared with
IOP measured atdays 1, 3, 7, 14,
and at 1, 2, and 3 months. A
positive hypotensive effect was
defined as a reduction of IOP by
more than 20% after MP-CPC.

The follow-up period was 6 months.

4217

before
MP-CPC

lday 3day 7day

14 day 1 month 2 month 3 month 6 month

Figure 1. IOP values in patients with silicone oil-induced glaucoma

As shown in Figure 1, a significant hypotensive

effect was observed: IOP decreased 2.4-fold
compared to baseline values over a 6-month
period, from 42.17 mmHg to 17.38 mmHg. For
patients with secondary silicone oil-induced
glaucoma, a paired t-test was performed to assess
the I0OP dynamics after micropulse cyclophoto-
coagulation. The mean baseline IOP was 42,93
mmHg. After 1 month, IOP decreased to 24.4

mmHg (59,24%) (t = 54, p =
0,003), after 3 months to 19,68
mmHg (54,16%) (t = 4,50, p =
0,006), and after 6 months to
17.38 mmHg (59,52%) (t=4,21,p
= 0,008). Thus, the hypotensive
effect of MP-CPC was statistically
significant at all observation time
points.
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Figure 2. IOP values in patients with neovascular glaucoma

Patients with neovascular glau-
coma demonstrated a moderate
reduction in IOP after MP-CPC: at
1 month — from 31,80 to 25,96
mmHg (t = 3,3, p = 0,03), at 3
months - to 24,80 mmHg (t= 2,01,
p = 0,11). However, by 6 months,
IOP increased to 28.8 mmHg, and
the difference from baseline
became statistically insignificant
(t=0,78, p = 0,48), indicating a
decrease in the hypotensive
effect of MP-CPC in this group.

A detailed analysis of MP-CPC
efficacy in secondary glaucoma
showed that on the first post-
operative day, 6 out of 11 patients
(6 eyes) experienced a mean |IOP
reduction of 16.58 mmHg (49%),
3 patients had an IOP reduction of
less than 20%, 1 patient had no
change, and 1 patient had an IOP
increase of 21 mmHg, which
subsequently decreased to base-
line by day 3 with a minor reduc-
tion (<20%) in the following obser-
vation periods.

On day 3, 7 patients had a
mean |OP reduction of 18.17
mmHg (49.1%), while 3 patients
showed a reduction of less than
20% (similar to day 1), and 1
patient experienced an IOP
increase of 7 mmHg, which later
decreased by more than 20%
during subsequent observation
periods.

By day 7, 9 patients had an IOP reduction of
18,25 mmHg (47,19%), with 2 patients showing a
reduction of less than 20%. On day 14, 8 out of 11
patients had a mean IOP reduction of 18,51 mmHg
(45,99%), with 3 patients achieving a hypotensive
effect below 20%.

At 1 month postoperatively, 8 patients main-
tained a hypotensive effect, with a mean IOP
reduction of 15,85 mmHg (39,38%) compared to
pre-MP-CPC levels; 2 patients had an effect <20%,
and 1 patient's IOP returned to baseline, later
decreasing by more than 20% at 2—3 months and
increasing by 5 mmHg (20% of baseline) at 6
months.

At 3 months post-MP-CPC, 8 out of 11 patients
maintained a hypotensive effect with a mean I0P
reduction of 21,68 mmHg (53,69%), while 3
patients had reductions of less than 20%. The
hypotensive effect was positive in 5 of 6 patients
with secondary silicone oil-induced glaucoma and
in 3 of 5 patients with NVG.

At 6 months, 8 out of 11 patients continued to
exhibit a hypotensive effect, with a mean I0OP
reduction of 22.84 mmHg (56,75%). One patient in
the silicone oil-induced glaucoma group showed
no statistically significant IOP reduction, and 2
patients in the NVG group (1 with post-thrombotic
retinopathy, 1 with diabetic retinopathy) experien-
cedan IOP increase.

Adverse effects were observed in 45,45% of
cases (5 eyes). The most frequent complications
were moderate inflammation in 27,27% (3 eyes),
mydriasis in 36,36% (4 eyes), and hyphema in
18,18% (2 eyes). No significant or long-lasting
complications were reported, confirming the safety
of the method.
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Conclusion

Thus, the preliminary data indicate that MP-CPC is effective in the treatment of
secondary glaucoma. At 6 months, patients showed a mean IOP reduction from 37,45
mmHg to 22,11 mmHg, with an average hypotensive effect of 40,96%.
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KA3AXCTAHCKAA HAYYHASA LUKOJNA INMAYKOMbI

M.M. Kypmanranuesa *, H.A. Anpawesa '

“Kazakh Order of the Badge of Honor Research Institute of Eye Diseases,”

Anmartbl
> BonbHMLA MeaULIMHCKOrO LeHTpa

ynpasneHusa aenamu MpeangeHta Pecny6nuku KasaxcTaH,

AcTtaHa

Mmaykoma, Kak M3BeCTHO, NPoJoSKaeT ocTa-
BaTbCA OOHOW U3 OCHOBHbIX MPWUYMH CNENOTbl U
nHBanngHoctn B mmpe. B 2020 r. HacuynTbIBanochb
yxxe 52,7 MNH. NnaunmeHToB C NePBUYHON OTKPbLITO-
yronbHon rnaykomon [1]. Beugy MHoroobpasus
KNUHU4Yecknx cdopm rnaykombel (6onee 60 HO30-
NOrnin) CyLLecTBYIOT pa3Hble TEOPUN 3TUOSOTUU 1
natoreHesa 3Toro 3abonesaHusi, pasnuyHble Noa-
XOAbl K AMAarHoCTuKe 1 nevyeHunto. B mmpe exxerogHo
OTMeYaeTcs pocT nybnukaumin HayyYHbIX paboT no
rmaykome. Tak, Hanpumep, no gaHHbiM Pubmed,
KonmnyecTBo nybrnvkaumim no NnepBUYHON OTKPbITO-
yronbHon rnaykome 3a 2000-20021 rr. yBenuuu-
nocbk ¢ 139 go 533 [2]. HecmoTps Ha 9TO MHOrue
npobnemsbl, CBA3aHHbIE C [MAyKOMOW, OCTaloTCs
HepelwleHHbIMU. B KasaxctaHe cdopmuposanach
CBOS HayYHas LUKoMna rnaykombl, 6bino 3awmiieHo
okoro 40 paboT, BHeCcLInX CBOM Bknag B 6opb0y ¢
3TMM KOBapHbIM HeyroM, U3BECTHbIM Mo Ha3Ba-
HUeM «Tuxun Bop 3peHna» (silent thief of vision).

Llenb HacTosiwero o63opa - nokasaTb pasHo-
obpasne Hay4HbIX TEM OTEYECTBEHHOW LUKOMbI
rmaykombl U ee BKMag B pas3BuUTME rNayKOMHON
CNyXO0bl.

OaoHMMK 13 NepBbIX KasaxCTaHCKMX paboT no
rnaykome 6binu ctatbm B.IN. PowmHa: «K Bonpocy
O nartoreHese rnaykombl» (1925); ctatbu, noces-
LLeHHble msmonorum uunuapHoro tena (1928 r.)
[3, 4]. 3aBenys kadheapown, OH AnUTENbHOE BpeMS
Bo3rnaesndan Kasaxckum HayyHO-uccnepoBa-
TENbCKUA UHCTUTYT rNasHbIX 6oNnesHen n npuHu-
Mar akTMBHOe y4acTue B opraHusaumm 6opbbbl C
Tpaxomon. B.Ml. PowunH nucan: «lNpobnema
rmayKombl Tak CroXHa U MHOrorpaHHa, cBsidaHa c
TaknMm Konm4yecTtBOM BomnpocoB 6ornee obuiero
XapakTtepa, YTO pa3peLunTb ee OOHOMY YENOBEKY —
3ajada ABHO HenocunbHasd... Ha pesynbratbl
MOUX UCCNeaoBaHUM HY>XHO CMOTPETb NULLb Kak

Ha mMaTepuanbl K YYEHU O
rnaykomMe n ¢ 3TON TOYKU 3peHuns
NOAXOAUTb K OLEHKEe HaCTOALEN
paboTbl». 3TN cnosa, 6esyc-
FNIOBHO, MOTYT ObITb NONOXEHbI B
OCHOBY pPaboTbl U COBPEMEHHbIX
rnaykomaTtonoroB, apdekTneHas
paboTta KOTOpbIX MOXET ObITb
TONbKO Ha OCHOBE 0ObEeaMHEHUS
YCUNUIA Kak Bpaden npaktndec-
KOro 3BeHa, TaK W YYeHblX, U3y-
Yawwmx 39TO MHOrodgakTopu-
anbHoe M B GONbLUMHCTBE CIly-
yaeB - MOXW3HeHHoe 3abonesa-
Hue. YuntbiBass KOMOPOUAHOCTb
MHOIMMX MNOXWNbIX MaLWUEHTOB C
rmaykomom, Heobxooum Takxe
MYNbTUANCUMMINHAPHbBIN NOAX0A
K NTed4eHnto 3TOWN KaTeropuu
OOsbHbIX.

B 50-e rogbl npoLunoro Beka
cotpyaHukamn Kasaxckoro HUAU
rnasHbix 6onesHen - d.M1. Hemen-
ko n PA. LlentnuH, 6binn 3awum-
LEeHbl KaHOguaaTckne guccepta-
LMK, NOCBALLEHHbIE KIUHUYEC-
KM acnekTam Te4eHUs rnaykombl
[5, 6].

HoBbI 9Tan B pasBuTUK OTe-
YeCTBEHHOW rnaykoMaTonorunm
Ha4yanca B koHue 60-70x rogos,
Korga rnaykoma 6bina npusHaHa
OCHOBHOW TemMaTuKOW B CBSI3N C
BbICOKOW 3aborieBaeMoCTbio U
nHBanugHocteo. B 1976 roay
6bin n3gax MNpukasz M3 CCCP Ne
925 (ot 22 ceHTAbps) «O Mepax
Nno paHHEMY BbISIBIIEHMIO N aKTUB-
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HOMY HabnwgeHuo OO0NbHbIX
rmaykomomny. B atoT nepuog 6binu
3aWmnWeHbl KaHongaTckune
paboTbl H.[l. Benoseposon, X.I.
MyctadunHon, K.A. ApucnaHo-
Bon, E.C. KaHesckon, J1.I. Tnps,
.. Kapxayb6aeson, ®.A.
PaxmeTtoson, B.M. AumeHeBbIM,
P.IN. Danunexko, J1.H. CbsaHoBOMN,
A.T. leoHoBon, 3.B6. OcnaHoBown,
AokTtopckaa pabota B.A. Tpe-
menT [7-19]. B aTux paboTax pas-
pabaTbiBanncb BOMPOCHLI MO CO-
BEPLUEHCTBOBAHWUIO JUArHOCTUKN,
XUPYPrnyecKkoMy redeHuo rnay-
KOMbI, €€ 3nMMAEMNONOTNN.

Bonbwon HayyHbln 1 npak-
TUYECKNA BKnag B pa3paboTky
npobrnembl ANarHOCTUKM U neye-
Hua rnaykombl BHec C.K. XKyn-
MYyp3uH. [locne ycnewHoro
3aBepLUeHUsT acnupaHTypbl Npu
kadenpe rnasHbix GonesHen
MOCKOBCKOTro MeauLMuHCKOro
nHctutyta um. H.W. MNMuporoea B
1973 r. OH 3aWwMTUN KaHaugaTc-
Kyto guccepTaumio Noa pyKoBoa-
ctBom M.M. KpacHoBa Ha Temy
«®PeHoMeH hoTo- M UBeToCTpecC-
ca Kak nokasaTtenb (yHKUMO-
HanbHOrO COCTOSHUSA CeTvaTKm
npv nepsu4Hon rnaykome». C.K.
Xynmyp3anH - nepsbln Kasax-
CTa@HCKNN MUKpPOXUpypr-odprarnbs-
MOSNOI, OH SBNSAETCS aBTOPOM
pasnnyHbIX MoguduKauun runo-
TEH3UBHbIX onepaunin, Ha NpoTa-
XeHun 15 net pykosogun otae-
NOM [naykoMbl U COCYOUCTOM
otanbmonaronorum B KasHUU
N6 [20].

XK.l MyctadguHa, saBndascb
AnuTenbHoe BpeMs ANPEKTOPOM
rMasHoro MHCTUTYTa M 3aBeayto-
wen kadegpon rnasHbix 6ones-
Hen B KasHMY wum. C. Acdeh-
ANApoBa, BCHO CBOK Hay4HO-
NpPakTUYEeCKYyl OesATeNnbHOCTb
NOCBATUIIA Pa3BUTUIO IayKOM-
HOWM Cnyx6bl, U3y4yeHUo anuie-
mMuonoruu rnaykomsl. lNog ee py-
KOBOACTBOM ObiNn 3alyMLLEHbI

MHOrve gucceprawmm no rrnaykome.
B 80-e rogbl Ha 6a3e rnasHoro MHCTUTYyTa Gbinn
BbIMOSIHEHbI Hay4Hble paboTbl U yCNewHo 3alum-
weHbl B PCOCP pgucceptaummn b.0O. Cyneesown,
T.K. borabekoson, M.H. Axuranueson [21, 23]. B
3TOT nepuofd Obina NpogosmkeHa HayvHas Tpagu-
LS NapTHepPCTBa C POCCUNCKOMN HAYy4YHOW LLKOJSTON
rmaykombl nof pykoBogcTBoM akagemwuka A.lT.
HecTtepoBa, npodeccopa E.A. EropoBa.

6.0. CyneeBa, gBnssCcb OnuUTenbHOE BpeEMS
3aBeayloLlen OTAEeNoM TpaBMbl rfa3a U 3amecTu-
Tenem gupektopa no Hayke KasHWUW I'b, 0606-
LLMNa MHOIONETHUI HAYYHbIV MOMUCK MO rnaykoMe B
MOHorpacdun «BtopnyHada rnaykoma.

KO.C. KpamopeHko, T.A. Job6puua usyyanu
KNMHMKO-OMOXMMMYECKME N UMMYHOMOrMYeckmne
acnekTbl NaToreHe3a NepBUYHON rNayKkoMbl, 3aLLu-
TMB JOKTOPCKYIO M KaHAMAATCKY0 paboThl [24-25].

B 1995 r. npodeccop XK.I. MyctadumHa u
akagemuk PK. Tynebaes cnocobctBoBanu opra-
Hu3aumm Ha 6ase KasHWW b cneuwnanusn-
pPOBaHHOro coBeTa Mo rnasHblM GONesHaAM u
oTopuHonapuHronorun. lNepBble KaHangaTckue
ancceprtaumMm no odtanbmonormm 6uinn 3awm-
weHbl B 3aTom CoBeTe COTpyaAHUKamu oTtaena
rmaykombl n cocygucton nartonorum rmasa: K.
Kakanoson, A.T. KacbimxaHoBon, M.A. Make-
AOHCKMM [26-28]. PaboTbl 6binM MNOCBALWEHDI
HOBbIM MeTodaM AWArHOCTUKU U NeYveHusa nep-
BMYHOW rMaykoMbl, a Takke 0COBEHHOCTAM ropMo-
HanbHOro crtatyca y 60nbHbIX C MPUCTYNOM 3aK-
pbiToyronsHon rnaykomsl. M.M. KypmaHrannesown
ObI110 BriepBble NPeasIoKeHO UCMNOMb30BaTb OTe-
YeCTBEHHbIN NonuypeTaH Ans nedYeHns rnaykombl
[29], paspaboTaHHbIn B VIHCTUTYTE XMMWYECKUX
Hayk AH PKum. A.B. bekTypoBa.

B 90-e rogbl 6bINn 3alUULLEHbl Takke KaHau-
patckne gucceptaummn .M. ApuHoBon mn 3.A.
[I>xymaTaeBoWn, HarnpaBlieHHble Ha pelleHue
npobrnembl XMpypruyeckoro 1 MmegukameHTO3HOro
neyveHuns rmaykomsol [30-31].

HeobxooMmMo OTMETUTb 3HAYUTENbHBLIN BKNag
npogeccopa M.B. MmaHTaeBon, gnutenbHoe
BpeMsi BO3rnaBnsiBLUEN OTAen COCyAUCTOM naTo-
nornn rnasa u rnaykombl, B pa3paboTKky HOBbIX
crnocob0oB XMPYpruyeckoro fieHeHns HeoBacKynsp-
HOW rnaykomsbl [32]. A Takke OTMETUTb Tpyadbl Mo
rnaykome npodpeccopa E.K. MambetoBa, pabo-
TaBwero B KasHUW I'b n ATUYB [22]. lMog ero
PYKOBOACTBOM Obina 3awuueHa gucceprayus
.M. ApuHoBon, nocesiLeHHas 060CHOBaHWUIO
pasdpaboTaHHOro xmpyprmuyeckoro cnocoba
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neYeHns rrnaykomol.

2000-e rogbl OTKPbIIM HOBbLIN COBPEMEHHbIN
aTan B uccnegoBaHusx no rnaykome. Ha 6Gase
nabopartopum rnaykombl KasHWW 'b nposogu-
NUCb NccrenoBaHUs rnaykoMbl MOSIOA0ro Bo3pac-
Ta (LA. MamekoBa), aHanM3MpoBanncb pesyrb-
TaTbl CKpMHMHIA Ha rnaykomy (A.M. AwunmoBa) B
NoNMUKNUHUKaxX r. Anmarbl, paspabaTbiBanucb
HoBble cnocobbl guarHoctukn (M.A. KyapsiBuesa)
[33]. M.M. KypmaHranueBon B COaBTOpPCTBE C
rnaBHbiM Bpadom KasHUW b 3.A. MimaHbGaeson
Obina magaHa MoHorpadusa «Xupypruyeckoe
neveHue rnaykomol» [34].

H.A. AnpgaweBa 3awuTuna KaHOauOoaTCKyr
aucceptaumto «O natoreHese ncespoakcgonma-
TMBHOro cnHgpomay B 2001 r. [35].

B 2002 r. T.K. Tanunos 3awwunTui KaHaUAATCKYHO
anccepTtaumio, NoCBALWEHHY KOMOBUHNMPOBaHHON
XUPYPrm NePBUYHON OTKPbITOYTONbHOW rayKoMbl
[36].

B 2003 r. aupektopom KasHUW I'b T.K. borta-
bekoBon Obina 3alwmuieHa OOKTOpCKas guccep-
Tauus rno nNpPUMEHEHUI0 U3fyyYeHusl nasepa Ha
napax 3onota (Ha AnuHe BonHbl 0,628 MKM) Kak
HOBOEe HanpaBneHue B obnactu nasepHomn
odpranemonorun [37]. OgHOM 13 HO30MOrMn, Npu

KOTOpOW 6bIN0 N3y4eHo NPUMEHeEHME HOBOIO Buaa
nasepa, 6bina rnaykoma.
6.C. XXasunuu n b.A. lWWykaHoBOW GbiNK

3awueHbl KaHgnaaTtckMe guccepTtaymum no
XUPYPrnyeckomy revyeHuto dakoMopduyeckon
rMaykombl, MPUMEHEHWNIO HOBbLIX TpaHcnanbne-
BparnbHbIX TOHOMETPOB B CKPUHMHIE Ha rMaykomy
[38-39].

M.M. KypmaHranneson O6bifi0 npoBefeHO
KMWHUKO-3KCNepuMeHTanbHoe obocHOBaHue
ONTUMM3ALMM CUCTEMbI XMPYPrMYECKOrO feYeHnst
6onbHbIX rnaykomon [40]. B goktopckon guccep-
TauuMm npoaHannanpoBaHbl pesynbraTbl COOCTBEH-
HbIX MOAUMKAUUMA TMNOTEH3MBHbBIX Onepaunn c
NPUMEHEHMEM MNOSMIMYPETAHOBOIO ApeHaxa npu
HenpOHMKaLWen CKNepaKToOMUn, ¢ NpUMeHeHnemM
NPUOOLMKITOPETPaKUMA Yy NMauMeHToB C pedypak-
TEepPHON rnaykomon, KOMBUHNUPOBaHHbIX ONepaLui
npw coYeTaHnM rMayKkoMbl U KaTapakTbl.

3.A. xymaTtaeBa paspaboTana HOBble TEXHO-
nornm B AUarHOCTUKe 1 Tepanun nepBuYHoON rnay-
KOMbl HA OCHOBE OMTUYECKOW KOrepeHTHOW TOMO-
rpacoum (OKT) 1 HaHHO monekyn [41]. A.C. Acbin-
BekoBa Takke NpUHUMana yyactue BO BHEAPEHUU
OKT un paspabotke HOBbIX CnNocoboB HenpsiMomn
HenponpoTeKunmn Ha ocHoBe MunapoHara [42].

B 2009 r. C.E. NcnamoBa
npoaHanusavpoBana B CBOEN
KaHaAMAaTCKOW gucceprauum
MeauKo-coumnarbHble acnekTbl U
3(pPEeKTMBHOCTb BbISABIEHUS
rnaykombl B KasaxctaHe [43]. AB
2011 r. noa pykoBOACTBOM MNpoO-
deccopa botabekoson T.K. cTap-
ToBana paboTa MNo CKPUHWUHTY
rnaykomsl B pamkax TIP3 Cana-
MaTTbl KasaxcTtaH. ExerogHbin
nokasartenb Konuyectsa 60sb-
HbIX C BNepBble BbIABNEHHOWN
rrnaykoMon ysenuyuncs Ha gooHe
nposefeHns ckpuHuHra Ha 133%.
Pesynbtathl nNpoBeAeHUst CKpu-
HWHra Ha rnaykomy u oLeHKa ero
nepcnekTuB C TOYKW 3peHus
MeHeXMeHTa B 34paBooxpa-
HEeHuM BbINKM oueHeHbl B paboTte
J1.b. TawtntoBom [44].

IB. TneybaeBa nccnegosana
OKNCNNTENBbHO-BOCCTAHOBUTENb-
HbI NoTeHuman B Bbibope TakTu-
KN XUPYPrM4ecKkoro reyeHus
OTKPbITOYrOfbHOW rriaykoMbl, a
A.A. bynrakosa npoaHanu-
3upoBarna aHaTtomMo-Tonorpa-
dunyeckne ocobeHHoCTU rnasa B
BblOOpE TaKTUKM Ne4YeHns 3aKpbi-
TOYrofnbHOM rnaykombl [45-46].

B 2010 r. H.A. Anpawesa
3awmuTuna OOKTOPCKY Auccep-
Tauunilo, NOCBSILLIEHHYIO aKTyarnb-
HOW npobneme nceBnoakcdo-
NMaTUBHOW rnaykombl, UMelO-
LLIeN LUMPOKOE pacnpocTpaHeHne
B KazaxcTtaHe [47].

B 2010-x rogax monogble y4ye-
Hble KasHUW b J1.[] AGbiweBa,
J1.b. TawTtntoBa, M.C. Xyaxa-
TOBa BMeCTe C Konneramu u3s
ctpaH CHI" npuHumanu y4actue B
onTumMm3aumm nedvebHo-gmuarHoc-
TMYECKOro npouecca y naumeH-
TOB C MEPBUYHOMN OTKPbITOYrofb-
HOM rMaykoMoun B pamKax Mexay-
HapoaHoro npoekTa [48].

A.A. Xam3nHa c coaBTopamu
pa3pabaTbiBana HoBble Noaxoabl
K NMeYEHUI0 OTKPbITOYroNIbHOMN
rnaykombl y NauneHToB C MeTa-
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Bonnyecknm cuHapomom [49].

B HacTosee BpemMsi mexa-
yHapogHoe coTpygHuyectBo Kas
HAWN T'b npogormkaeTtcs B Buge
KasaxcTtaHCKO-HEMELKOro LEeHT-
pa rnaykombl C y4acTuem rnpo-
deccopa Ipba ns repmanum [50].
Hapagy ¢ BHegpeHMEM HOBbIX
METOAOB ANArHOCTUKN U NeYeHns
rnaykombl B PK LleHTp 3aHuma-
eTcs obpasoBaTenbHON AeATenb-
HocTbto. Tak, B 2025 rogy npose-
AeHo 2 obyvarLmx cemmHapa B
r.r. Anmatbel n WeiMKkeHT ans
odTanbMonoros ambynaTopHoOro
3BeHa, cneaywouwme cemuHapbl
3annaHupoBaHbl B ropogax Ak-
To6e n ActaHa.

YBenuyeHue yacTtoTbl pedpak-
TEePHOW rMayKoMbl MOCAY>XMo 00-
OCHOBaHMEM And npoBefeHUus
Hay4HO-UccnegoBaTenbLCKon pa-
6oTbl «PaspaboTka komnnekc-
HOro mMetoda NpoduNakTUKu
n30bITOMHOro pybueBaHua npwu
OPEeHaXHoW Xupyprun pedpak-
TEPHON [flayKkoMbl» B paMKax
HTI «HoBble megunUMHCKue Tex-
HOMormn Ons ynyyleHus pesyrnb-
TaTOB JleYEeHUSA XPOHUYECKUX
3aboneBaHUn U nocneacTBuUmn
TpaBM C TSXeSon yTpaTon (PyHK-
UMA N TSHKENbIMU OCMOXHEHMU-
AMUY». DKCNepuMeHTanbHO-KNKn-
HU4yeckoe uccnegosaHue Obino
npoBefeHO Hay4YHOW rpynnou

KasHUW I'b coBmecTHO ¢ UHCTUTYTOM XUMU-
yeckmnx Hayk AH PK um. A.b. BekTtypoBa. BuisiBne-
Ha 9(PPEKTUBHOCTb MPUMEHEHNA XUTO3AHOBLIX
NNEHOK B XUPYPrM4yEeCKOM FfeYeHUn rnaykoMbl C
Lenblo CHMXEHUS n3bbITOYHOro pybueBaHWs 30HbI
domneTpaunoHHOM nogyLwkm [51].

CoBpeMeHHble TpeboBaHWS K cTaHAapTM3aumm
npouecca neyeHus peanusyoTcs B paspaboTtke
KIMHUYECKMX MPOTOKOMOB OMArHOCTUKN U nedve-
Hua. B 2025 r. 6bin paspaboTaH 1 yTBEPXKOEH Knn-
HMWYECKMIA MPOTOKON AWNArHOCTUKN U JeYeHUs
«[lepBnyHaga rmaykomay, B KoTopbi Briepsble B PK
ObIn BKIOYEH uMTOoCTaTMyecku npenapat Muto-
MUUMH-C ONna WMHTpaonepauuMoHHOro UCMNofb30-
BaHWS, KOTOPbI AaBHO SIBNSETCH HeOOXoaUMbIM
aTtanomMm TpabekynakToMun B 3apybexxHOW npak-
TUKE.

AHann3 CTaTUCTMYECKUX OaHHbIX MOCne naH-
aemmn COVID-19 BbisiBUN 3HaAYUTENbHLIA POCT
crny4yaeB BPOXAEHHOW rnayKoMbl, YTO NOCAY>XUITO
obocHoBaHnem ans paspaboTku KnuHu4eckoro
npoToKona ANarHOCTUKK U nedveHus «maykoma y
peteny. KnuHmyecknim npoTOKOST B HacTosiwee
BpEMS HaxoAMUTCA Ha dKCnepTu3e.

Takum obpasom, rnmaykoma Ha CerogHsLHUN
AEHb OCTaeTcAa akTyanbHon npobnemomn, Tpebyto-
e KOMMNMEKCHOro noaxoda Ha OCHOBE Tpu-
eAWHCTBa HayKu, nNpakTukn v obpasoBaHus.
PaspaboTka cTaHOapTOB AMAarHOCTUKN U Fle4YeHUs
rmaykombl, paclumpeHne obpasoBaTtesibHbIX Mpo-
rpaMm AOnsi NpakTUYeCcKoro 34paBOOXpPaHEHUs,
npoBegeHne HayyHoro noucka m paspaboTok C
NCNonb3oBaHNEM METOAOB AoKa3aTenbHON Meaun-
UWHbI - OCHOBHblEe HarnpasfeHus OeATenbHOCTU
OKcnepTHOro coseta Mo rnaykome npu Kasax-
CTaHCKOM obOLLecTBe O(pTaribMOsIOroB.
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PE3IOME

KABAXCTAHCKAA HAYYHAA LUKOJIA IMAYKOMbI
M.M. KypmaHranuesa °, H.A. Angaiesa
Kazakh Order of the Badge of Honor Research Institute of Eye Diseases,” ,
Anmartbl
? BonbHMLA MEeaMLIMHCKOro LieHTpa ynpasneHus genamu MNpesnaexta Pecny6nvku
KasaxctaH, AcTtaHa

1 «

Mmaykoma npoposrkaeT ocTaBaTbCsl OAHOW M3 OCHOBHbLIX MPUYUH CNEenoTbl U
nHBanuaHoctn B mupe. B 2020 r. HacuuTbiBanocb yxe 52,7 MfH nayveHToB C
NepBUYHON OTKPbLITOYrONbHOW rnaykoMon. ExerogHo oTmevaeTtcs pocT nybrnukauui
Hay4HbIX paboT, MOCBSLEHHbIX M3Y4YEHUIO naToreHesa, COBEPLUEHCTBOBAHUIO
AVarHoCTUKM 1 nedveHns atoro 3abonesaHuns. B KasaxctaHe cpopmumpoBanach CBOS
Hay4yHas LiKora rnaykomsl, 6bino 3awmiieHo okono 40 paboT, BHeCLLMX CBOW BKraj, B
H6opbby C 3TMM KOBapHbIM HeayroM. B faHHOM cTaTbe cucTeMaTuavpoBaHbl AaHHbIE
Hay4HO-NpaKTUYeCKMX nccrnegoBaHum no npobrneme rmaykomMbl B KazaxctaHe.

SUMMARY

KAZAKHSTAN SCIENTIFIC SCHOOL OF GLAUCOMA
M.M. Kurmangaliyeva?, N.A. Aldasheva'
' “Kazakh Research Institute of Eye Diseases,” LLP (awarded the Order of the Badge
of Honor), Almaty, Kazakhstan
2 Hospital of the Medical Center of the Administrative Office of the President of the
Republic of Kazakhstan, Astana, Kazakhstan

Glaucoma remains one of the leading causes of blindness and disability worldwide.
As of 2020, the number of patients with primary open-angle glaucoma had reached 52.7
million. Each year, there is a growing number of scientific publications devoted to
studying the pathogenesis of the disease, improving diagnostic methods, and
developing modern treatment approaches. In Kazakhstan, a national scientific school
dedicated to glaucoma research has been established, with approximately 40 defended
theses that have made a significant contribution to the advancement of ophthalmology
and the fight against this disease. This article systematizes the results of scientific and
practical studies on glaucoma conducted in Kazakhstan.

T¥XbIPbIM

MAYKOMA BOWBIHLLIA KASAKCTAHObIK FbINbIMA MEKTENN
M.M. KypmaHranuesa?, H.A. AngaweBa’
' «Kasak ke3 aypynapsbl fbinibiMu-3eptTey MHCTUTYThI» XKLLIC (KypmeT Genrici
opaeHiMeH mapanarTarnfaH), AnmaTbl K.
2 KasakctaH Pecnybnukacs! Npe3ngeHTi Ic 6ackapmacbkiHbiH MeanuuHanbik
opTanbIfbiHbIH aypyxaHachkl, ACTaHa K.

Mmaykoma anem 6oMbIHLLA COKbIPMbIK MEH MYreAeKTiKTiH Herisri cebenTepiHiH Bipi
6onbin kana 6epeai. 2020 >xbNFbl AepekTep GovbiHWA anfFalwkbl awblK OypbIWTHI
rmaykomMameH ayblpaTtblH HaykacTap caHbl 52,7 MUNIMOH agamra XeTTi. Kbl carbliH
aypyadblH NaToreHesiH 3epTreyre, AnarHOCTUKaHbI XXETiNAipyre XXeHe 3amaHayu emaey
TocCingepiH JaMbiTyfa apHanfaH fbifbIMW XapusnaHbiMAap caHbl apTbhin Keneai.
KasakcTaHga rrnaykoMaHbl 3epTTeyre GarblTTanfaH YNTTbIK FblIbIMWU MeEKTen
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kanbintactbl. Ocbl bafbITTa WamameH 40 fFbifbIMU XXYMbIC KOpFanbin, opTansmMonorns
FbINbIMbIHbIH, AaMyblHA X8He aTtanfaH aypyMeH Kypecke eneyni ynec KocTtbl. byn
Makanaga KasakcTaHga >XyprisinreH rnaykoma MacerneciHe apHarnfaH fblfibiIMU-
npakTukarblK 3epTTeynepaiH HoTmxenepi XyneneHaipinrex.

YOK: 617.7

NEPBbLIE KMIMHWYECKUE PE3YJIbTATbl UHTPAOINEPALUMUOHHOIO

MCnoJsib30OBAHNA MUTOMULIMHA-C

B XUPYPTMYECKOM NNEYEHUU TTIAYKOMbI

H.A. AnpaweBa, A.A. bynrakosa, I.T. bepikban, A.N. CapceHbaes, [1.0. )Kymabekosa

“Kazakh Order of the Badge of Honor Research Institute of Eye Diseases,”

r. Animarsl

KnioueBble cnoBa: rnaykoma, m3bbiToyHOE
pybueBaHwue, Tpabekynoakromus, MutommumH-C.

BBepeHue

maykoma npegctaBndet cobown nporpec-
cupylowee 3aboneBaHue, conpoBoOXaawLleecs
pasBUTUEM HENWpPOoONTUKONaATUM N MNOSBIEHUEM
nedeKToB rnonen 3peHusl, n ABMSeTCa OOHOM U3
Hanbonee yacTbIX NPUYMH HeobpaTuMown cneno-
Tbl. CornacHo gaHHbIM MWPOBOW CTaTUCTUKMK
pacnpocTpaHEHHOCTb NaykOMbl MOCTOAHHO
yBernuumnBaeTcs, U, no nporHodam, Kk 2040 rogy
4Mucno naumeHTOB C AaHHbIM 3aboneBaHueM
pocTturHet 118 mmnnnoHos Yenosek [1].

«30MoTbiM CTaHOApPTOM» OMNepaTMBHOIO rneye-
HUA OaHHoro 3aboneBaHus cunTaeTcs Tpabe-
kynaktomus (TIK), koTopas B oTAanéHHble CPOKK
obecneuynBaeT BblIpaXEHHbIA TUMOTEH3UBHbLIN
achbpekTy 80-85% naumeHToB [2].

Tem He MeHee pe3ynbTaTUBHOCTb MMNOTEH3UB-
HbIX XWPYPruyeckmx BMellaTenbCTB OCTaéTcs
HeOCTaTOYHO BbICOKOW U, MO JaHHbIM PasfnyHbIX
aBTOpOB, Kornebnetca B npegenax 58-68,9% [3],
Toraa Kak noTpebHOCTb B MOBTOPHbIX FMMNOTEH3MB-
HbIX onepaumsx gocturaet 30% cnyvaes [4].

O P PEeKTUBHOCTb XUPYPrMYECKOro JieveHus
rmaykombl BO MHOTOM OMpeaensieTca xapakTepom
pereHepaTUBHbIX MPOLIECCOB B 30HE aHTUIayKOM-
Horo BmMewartenbcTtBa. OCHOBHOM MNPUYNHOWN
Heyday onepauun senseTca pybueBaHue BHOBb
COOPMUPOBAHHbBIX NyTEN OTTOKA BHYTPUrNasHOM

XWOKOCTWN, KOTOPOE MOXET BO3-
HUKaTb CYOKOHBIOHKTUBANbLHO,
anucknepanbHo M B obnactu
nocrieornepaunoHHOn UCTYIbI
[5]. Bcnegcteme aToro runorew-
3UBHbIN 3P EKT YacTo OKasbl-
BaeTCsa HenpoaOoMKUTENbHbIM,
YTO CBAA3@HO C aKTUBHbLIMW NPOMNKn-
depaTMBHbIMM npoLeccamn B
CTPYKTypax ApeHaXXHOW cucrte-
Mbl, CO34aHHbIX BO BpeMs onepa-
umm [6].

Cutyauus ycyrybnsietca anu-
TenbHbIM MPUMEHEHNEM FUMOTEH-
3MBHbIX NpenapaToB, 0COBEHHO -
coaepXalumx koHcepBaHTbl. OHK
HeraTMBHO BO34ENCTBYIOT Ha
rmasHyl MOBEPXHOCTb, CMOCcCob6-
CTBYSl HAKOMMEHUI0 B KOHBIOHK-
TMBE LUTOKNHOB, mbpobnacTos,
KonnareHa v nNMMAOUUTOB, YTO
ycunuBeaeT rnocrneonepaumoHHoe
BOcCnaneHne n cHmxaeT adpdek-
TMBHOCTb aHTUIMAayKOMHbIX Orne-
pauum [7].

PenapatuBHble npouecchbl B
30HE onepauunm NOAYMHAKTCS
obwmmM 3aKOHOMEPHOCTAM 3a-
XMBMEHMSA paH U BKNOYAKOT TpuU
dasbl: BocnanuTenbHy, Nponu-
depaTUBHYO U pemoaenmpo-
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BaHua. B xopge nponudepa-
TUBHOW (pasbl MPOUCXOAUT aKTU-
BaUMsS U MUrpaums anucknepanb-
HbIX pnbpobnacToB, hopmMmnpo-
BaHWe COCYAUCTbIX CTPYKTYp W
KonrareHoBbIX MyYKOB, YTO B
nocregyoLemMm NnpuBoauT K obpa-
30BaHUIO pyOLIOBOM TKAHU U CHU-
XEeHU0 unbTpaunm BHyTpUrnas-
HOM >kmakocTu [8]. PuHanbHas
cTagus pemogenvpoBaHus MO-
XeT npoporkatbcsa 6onee roga.

OntTumaneHoOn uenblo hapma-
KONOrn4yeckoro BO3OENCTBUA B
30HE aHTUrNaykoMHOWN onepauum
ABNAeTCA nogasneHne nsbbiTou-
Horo pybueBaHua ¢ dopMupo-
BaHMeM CTaburbHbIX U ANUTENb-
HO (PYHKLMOHUPYLOLWMX NyTen
OTTOKa Mpu COXpaHeHU afekBar-
HOMO 3aXXMBMEHNSA KOHBIOHKTUBbI
[71.

Ona mogynaumm paHeBoOro
3aXMBNEeHNa U NpoguUNaKkTUKK
nocrieonepaunoHHoro pybuesa-
HUS B XUPYPruu rnaykomMbl npu-
MEHSIOTCA pasrMyHble dpapMako-
nornyeckne noaxonbl, BKIOYas
KOpTMKOCTEepouabl U HecTepouna-
Hble MPOTMBOBOCNANUTENbHbIE
npenapaTtbl, UMTOCTATUKN, aHTK-
VEGF cpepctBa, MMMYHO-
aenpeccaHTbl, UHITMOBUTOPBI
TpaHcopmupytowero daktopa
pocTta [, MHIMBUTOPbLI MaTpUKC-
HbIX MeTannonpoTenHas u npe-
napatbl, BRMAKOLWNE Ha NnaLeH-
TapHbln akTop pocTa [9].
HecmoTps Ha akTUBHOE U3yYeHune
ansTepHaTUBHbLIX CTpaTernn Ham-
6onee 3cpheKTUBHLIMU U Hau-
Gonee yacTo Mcnonb3yeMbiMU
cpeAcTBaMM OCTalOTCA LMUTO-
cTaTuyeckme aHTumeTtabonu-
Thbl, Npexae BCero — MUTOMMU-
umH-C n 5-cbropypauun 6naro-
Aapsa UX BblpaXeHHOMY aHTu-
pubpoTnyeckomy acpekTy n go-
Ka3aHHOMW CNOCOOHOCTM MOBbI-
WwaTb AONTOCPOYHBIA ycnex
PUNbTPALUOHHON XUPYPrUn
rnaykomsl [10].

LUuTocTtatnyeckme aHTumeTa-
6onMuTbl OEeNC-BYOT Ha pPaHHUX

aTanax 3aXxvBrieHns paHbl, NpeaoTBpaLLas nposnu-
depaunto pubpobnacToB, CMHTE3 KonnareHa wu
obpasoBaHne pybua. Hambonee yacto npume-
HAeMbIMU CpefCcTBaMu B (PUNTPaLMOHHON XUPYpP-
rMun rnaykombl sensaotcs MutomuumH-C (MMC) n
5-ptopypaumn (5-0Y). MutomumumH-C, aBnasacob
anKuIMpyoLwWwnuM areHToM, UHrnmbupyeTr cuHTes
OHK B pazax G1 1 S kNeTo4HOro umkna, yMeHb-
Lagd KneToyHyto nponudepauuio [11].

MMC BriepBble cTany NPUMEHATb NPU NedYeHnn
rmaykombl B Hadvane 1990-x rogoB B KayecTBe
AOMNONHeHna Kk Tpabekynaktomun. Ero ucnonb-
30BaHMe obecneymBano AONroCPOYHbIA KOHTPOSb
BHyTpurnasHoro aasnexus (BI) 3a c4éT 3amea-
NeHnsa nocrneonepaunoHHOro 3aXMBMEHUS paH
yepe3 nogaeneHne nponudepaunn dombpobnac-
ToB [11]. 5-®Y oTHOCKTCS K rpynne aHTMMeTabo-
NUTOB WU UHIMOMpYeT TuMuAaunaT-CUMHTEeTasy,
KNoYeBOn (PepMeHT CuHTe3a MUPUMUANHOBbLIX
HYKNeoTnaoB, YTo HapywaeT pennvkaumo AHK n
BbI3blBaeT anonTo3 KrneTok [12].

B npocnekTMBHOM paHAOMU3NPOBAHHOM MCCrie-
poBaHun Y. Kitazawa n coaBT. nokasanu, 4To
npumeHeHne MMC y naymeHTOB C BbICOKUM
PUCKOM Heydauu orepauum nosBosnivnio AoCTUYb
cHmkeHus B no 20 mm pT. CT. 1 HMXe B 88%
cny4yaes, Toraa kak 5-dY 661510 adhheKTUBHO NULLb
B 47% cnyyaes [13]. AHanorn4Hble JaHHble Nosny-
ymnnu G.L. Skuta n coasrt.: cHmxkeHue Bl o 12 mm
PT. CT. U H/XKe oTMeyvanock Yy 60% nauneHToB npu
ncnonssoaHnum MMC n y 21,1% - npu npumeHe-
HUKn 5-OY [14].

Llenb nccnepoBaHMA - oueHUTb adpdek-
TMBHOCTb MUTOMULMHA-C B XMpypruyeckom neye-
HUW pa3nnyHbIX POPM rmayKoMmbl.

MaTtepuan u meToabl

B nccnepoBaHune Obinn BKMOYeHbl 52 nauymeHTa
(55 rnas) c rnaykomomn, N3 HUX XXeHLLMH 6bIno 23, a
MY>X4uH - 29. BospacT nauneHToB konebancs ot 20
Ao 86 nert, cpegHW Bo3pacT coctasun 57,6 + 9,3
roga. lNauyneHTbl Haxo4MMMCb Ha CTaLMOHAPHOM
neyeHun B KasHUN I'b. 13 55 npoonepunpoBaHHbIX
rnas gnarHo3 OTKPbITOYrofibHOW rrayKoMmbl (rnay-
koma o/y) 6bin BbicTaBneH B 37 cny4asx,
3aKpbITOYronbHOM rnaykomsl (rnmaykoma 3/y) - B 9,
BTOpUYHasi rmaykoma - B 9 cnyyasx. lNokasaHuem kK
NPOBELEHNID XMPYPrMYECKOro BMeELLaTenbCTBa
ABNANOCbL Hanuuve nosblweHHoro B, Hekowm-
NEeHCUPOBAHHOIO Ha (POHE TMNOTEH3UBHOM Tepa-
nun. CpegHee KONM4YecTBO NPUMEHAEeMbIX Kanernb
coctasnsano 2,8 + 0,4. CpegHsas NpoaomKUTENb-
HOCTb UX NPUMEHeHNs BapbupoBarna oT 1 mecsaua
0o 20 ner.

B 8% cny4aeB y nauneHTOB paHee 6blnu BbInos-
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HEeHbl aHTUrnaykomHble onepaumm B cpokn 2-17  +UNOJ1+T3K), dakoamynbcu-
net oo noctynnenus B ctaumoHap. Ha 30 rmasax dukauma katapakTbl+UHTpa-
Obln BbICTaBMeH OuarHO3 - OCIIOKHEHHAA Kata- OoKyndpHas nuH3a+Tpabekyno-
pakTa, Ha 16 rmasax - apTudakusi. akToMus+gpeHax «Penerenb»

Buabl onepaTtuBHbIX BMellaTenbcTB: Tpabe- wunu «Glautex» (PIK+UOJ+
kynoaktomus (TOK), Tpabekynosktomuns+apeHax TIK+apenax). Pacnpegenenue
«Penerenb» unun «Glautex» (TOK+apeHax), nauveHTOB MO BMAAM BbIMONTHEH-
dakoamynbcudumkaumsa KatapakTbl+MHTpa- HbIX orepauvin npeacraBrneHo B
oKynspHas nuH3a+Tpabekynoaktomusa (POK Tabnuue 1.

Tabnuua 1 - PacnpegeneHne naumeHToB No Buaam BbIMOSTHEHHbIX Onepauui
[*fapTundakus]

Fpynna nauueHTOB Maykoma Maykoma Maykoma
oly 3ly BTOpPUYHasA
TOK 6 (4%)

1(1%) -
TOK + gpeHax 16 (8%) 1 7 (3%)
®3K + MOJT + TOK 15 6 1
®3K + NOJT+ TOK + 1 0 1
ApeHax
UTtoro 38 (12%) 8 (1%) 9 (3%)

B 100 % onepaTuBHbIX BMelwlaTenbCcTB ucnonb3oBanca 0,4 mr/mn pactBop
mutommumHa C. lNMpn KOMOMHMPOBAHHLIX BMeLlaTenbCTBaX Ha HayanbHOM 3Tane
BbINOMHANN TPABEKyNO3KTOMMIO O MOMEHTA BbIKpaMBaHUA rny0OoKoro ckrnepanbHOro
nockyta (paspe3 KOHbBbIOHKTUBbI, FeMOCTa3, BblKpanBaHWE MOBEPXHOCTHOrO CKie-
panbHOro fniockyta, obpaboTtka 30H onepatmeHoro fioxxa MMC). 3atem BbINONHAMNCA
aTan akoamyrnbcuduKkaLmm KatapakTbl No cTaHgapTHOW meTtoauke. o 3aBepLueHumn
3K HaknagbiBancs WoB Ha OCHOBHOM poroBuYHbIv pa3pes (10.0). [Janee BbINONHANM
BblKpanBaHue rnyboKoro cknepanbHOro fiockyTa B obnactu Tpabekynbl, UPUA3KTOMMIO
1 NOCMONHOE YLINBaHNE CKNepbl M KOHBbHOHKTMBAITbHOMO pa3pesa.

PucyHok 1. TexHuka npumeHeHnsa mmtomumumHa-C (MMC) npu onepaumm TpabekynoskToMum:
1 - nogrotoBka: 3amadnBaHue rybkm pacteopom MMC koHueHTpaumen 0,4 mr/mn 2
- annnukauns MMC nog ckneparnbHbIN NOCKYT U NO4, KOHBIOHKTUBY
3 - yoepXvMBaHWe KOHbIOHKTUBbI B 3aKPbITOM MOOXEHUN B TeYeHne 4 MUH.
4 - npoMbIBaHMe MecTta 06paboTkn obunbHbIM kKonnyectBoM 0,9% pacteopa NaCl
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MeToamnka mcnonb3oBaHUA
MMC

Mcnonb3oBanu pactBoOp MUTO-
MuumnHa-C KoHueHTpauuen
0,4 mr/mn. Ons npurotosreHus
20 Mr MUTOMULMHA PacTBOPANN B
10 mn 0,9 % NaCl, nony4asa pact-
BOp KOHUeHTpauuen 2 mr/mn.
[lanee 2 mn 3atoro pacteBopa
(4 wmr) passognnm 8 mn 0,9 %
NaCl 0o KOHEeYHOW KOHLUEHTpaLmm
0,4 mr/mn. Tony4yeHHbIM pacT-
Bopom MMC npoBogunun nHTpa-
onepaumoHHyo annimkauuio nog
CKrneparsibHbIN FIOCKYT U KOHbHOHK-
TUBY B TeYeHue 4 MUHYT, nocne
yero MecTto 06paboTku Twatenb-
HO MpPOMbIBanM 0OUNbHBLIM KONK-
yectBoM 0,9 % NaCl. TexHuka
npuMmeHeHusa mmtomumumHa-C
(MMC) npu onepauun Tpabe-
KyfIO9KTOMUWN NpefcTaBneHa Ha
pucyHke 1.

AdhekTUBHOCTL onepauumn
oueHuBanu no ypoBHio Bl
(vcxon onepauum) M yacrtoTte

HugnuHroB. Kputepum wucxo-
noB onepauun: AOGCONKOTHLIN
ycnex - AOCTUXEHMe LienieBoro
BHYTPUrnasHoro AaBlieHuUA
(0o6bI4HO - <18 MM pT. cT.) 6e3
OOMOJIHUTENIbHOTO MeAuKa-

MEHTO3HOro MUNU Xupypruyec-
Koro BMewwartenbcTBa. OTHOCU-
TernbHbIN ycnex - AOCTUXKeHue
Lenesoro AaBfieHUA C UCMOSb-
30BaHUEM AOMNOSIHUTESNIbHOM
MeANKaMeHTO3HOW Tepanuu
WU MUHUMANbHBLIX XUPYpru-
YeCKUX MaHunynauum (Hanpwu-
Mep, HuanuHr). Heypaua -
HEeCNnoCOOGHOCTb AOCTUYL Le-
neBoro AaBneHUst HECMOTPS Ha
MeOUKaMeHTO3HOe reyeHue u
Heob6xoAMMOCTb MOBTOPHOM
cepbE3HOM onepauuu.
OueHuBanocb BHyTpurnas-
HOe JaBrieHue A0 onepauum B
paHHeM nocrneornepauMoHHOM
nepuoae Ha 1-e cyTku, 8-e cyT-
KW, 1 Mecsiy; MakCUManbHbIN
CPOK HabnwaeHus B Hawem

nccnegoBaHumn coctaBnan 4 mecsaua. B Ha
3TOM cpoke oueHuBanocb y 30 nauueHTOB.
N3mepeHne BHyTpurnasHoro AaBrieHUsi npo-
BOAWIOCH C UCNONIb30BaHUEM OECKOHTAKTHOro
ToHOoMeTpa NCT-200 (Rexxam [Shin Nippon],
Ocaka, AnoHus).

besonacHocTb npumeHeHns MMC oueHuBa-
nacb MO HanM4uuio criegyowmx OCHOXHEHUN:
rMNoTOHMSA rnasHoro sibnoka, gesanuTenusaums
poroBuubl, KepatonaTtus, 3p03uUun, HEKPO3
KOHBIOHKTUBbI M CKNEpPbI.

MocneonepauynMoHHOE BeOeHME MNALMEHTOB
3aKn4anocb B MHCTUNNAUUAX aHTUOMOTUKOB U
KOPTUKOCTEPOUAOB NO CXemMe, Ha3Ha4vyeHuu
MUapuaTukoB no HeobxoammocTun, napabynb-
bapHoe BBegeHWe KOPTUKOCTEPOMOOB BbINOJ-
HANOCb B NepPBbIe CYTKM NOCe onepauuu.

Cratuctuyeckass obpabotka AaHHbIX OAHHOro
nccrnenoBaHns Obina BbINOMTHEHA C MCMOMb-
3oBaHunem PSPP 2.0.1 n Prism 8 (GraphPad
Software Inc., CLLA).

PesynbraThl

YpoBeHb BHyTpurnasHoro nasnenunsa (Bra) y
nauveHToB Ao onepauuun konebanca ot 18 go 60
MM pT. CT. U, B cpegHeMm, coctasnsan 35,87 + 9,78
MM pT. CT. Ha 1-e cyTku nocrne onepaunn cpegHum
nokasarene B[l coctaBun 14,82 £ 5,75 mm pT. CT,,
Ha 8-e cyTkn - 13,73 £ 3,52 MM pT. CT., Ha 1 mecsL -
16,72 £ 6,24 MM pT. CT., U Ha 3-n Mecsy -
14,60 £ 3,24 MM pT. CT.

Takum obpasom, B paHHeEM nocneonepa-
LMOHHOM rnepuoae oTMe4vyeHo CHukeHue BI[, B
cpeaHem, Ha 58,7 %.

HOvHamuka nokasatenen Bl go- n B paHHem
nocneonepauyMoHHoM nepuoge 6bina conocrta-
BMMa B pasnnyHbIX rpynnax 1 He 3aBucerna ot Tmna
rnaykombl. COrnacHo KpuTepmsiMm OLLEHKM UCXOA0B
onepauun paHHWe nocreonepaunoHHble pesyrb-
TaTbl B pasfMyHbiX rpynnax npeacTaBrieHbl B
Tabnuue 2.

Tabnuua 2 - PaHHWe nocrneonepaumnoHHble
pesynbraTthl COrMacHO KPUTEPUSIM OLEHKM NCXOL0B
onepaumn (*HUANWUHT)

AOGCONIOTHBLIN
ycnex

Mpynna n
nawuveHToB
Mmaykoma oly | 36 |21 14 (*5) 0
maykomasly |9 |3 5(*2) 1
Mmaykoma 10 |3 7
BTOpPUYHas
Wtoro 55

OtHocuTtenb | Heyaaua
HbIW ycnex

27 (49,1%) |27 (49,1%) |1 (1,8%)
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CornacHo kKputepuamMm OLEHKW UCXOOOB
onepaumn abCONOTHLIN XUPYPruyeckun ycnex
Obin gOCTUrHYT ¥ 27 nauneHtoB (49,1 %), OTHO-
cuTenbHbIn ycnex - y 26 (49,1 %), Heyoaya
3apeructpupoBaHa y 2 nauneHToB (1,8 %). Takum
obpasom, Ha cpoke 3 mecsaueB BI[] 6bino
KomneHcupoBaHo B 96,4 % cnyyaes. Npouenypa
HuANuHra 6bina BbINOMHEHa y 7 nauneHToB
(12,7 %), n3 kotopbIx B 6 cnyyasx Gbina goc-
TUrHyta komneHcaums BI'[l, a B 1 cnyyae ucxop
onepauumn OLEHEH Kak «Heygada». OToMy nauu-
€HTY C NOoYTM TepMuHanbHOW rnaykoMmon 6bina
BbIMOMHEHa Kraccuyeckas LMKnodoToKkoaryns-
ums.

B paHHeM nocrieonepauynoHHOM rnepuoge oTMme-
YeHbl crnegyllne OcnoXHeHus: rmcema - B 3
cnyyasx (5,5%), unnuoxopuoungansHas oTCrnonka
(LUXO) - B 3 cny4asx (5,5%) n obHaxeHue ckrepsbl -
B 1 cnyyae (1,8%). HekynupoBaBLuascs rugpema
Ha 5-e CcyTkM y 2 nauyneHToB notpeboBana npombl-
BaHua nepegHen kamepsl. MNpu UXO y 2 naunen-
TOB Ha 7 cyTKu noTpeboBanock BbinyckaHune LIXO.
PacxoxgeHune nocneonepaunoHHOro Wwea, Habnto-
AaBlleecs B 1 cnyyae, 6bIn10 yCTpaHeHO NoBTOpP-
HbIM HarnoXXeHneM LUBa.

B nepvoa HabnogeHnsa ocnoXxHeHun, accoumm-
pOBaHHbIX C nNpumeHeHnem MMC, Bknwoyas
KepaTonaTuio, geanutenu3auunio porosulbl,
3p03UKN, HEKPO3 KOHBIOHKTUBLI U CKNepbl, He
3aperncTpupoBaHo.

O6cyxaeHue

lMpumMeHeHne npenapaTtoB, NpegoTBpaLLaoLLnX
n3bbITOMHOE pybueBaHWe 30HbI onepauun B
nocrieonepawlmMoHHOM nepuoge nocrne runoTeH-
3MBHbIX BMeLLATENbCTB, Ha CEroAHAWHUA OeHb
cynTaeTcsa 30M0TbIM CTaHOAApPTOM B XUPYpruu
rmaykomsl. lMapagokcanbHO, HO MCMONb3oBaHWe
3TUX rnpenapatoB [0 HaCTOSALWEro BpeMeHwu
asnsetca «off-label». MNpu aTtom HeobxogmMmocTb
X NpuMeHeHnss obo3HavyeHa BO BCEX MexayHa-

poaHbIX pykoBoactBax [15], a ¢
2025 roga BO3MOXXHOCTb UCMOSb-
3oBaHMa MMC pernameHTupo-
BaHa KMWHUYECKMMWU MPOTOKO-
naMmn OUarHOCTUKU U JeYeHus
«nepBUYHOM rnaykombl» B Pec-
ny6bnuke KazaxctaH [16].

Llenbto gaHHon paboTtbl 6bino
n3y4eHne NepBoro onbiTa npume-
HeHns MMC u, B nepByl ovye-
peapb, oueHka 6e3onacHOCTN ero
WHTpaonepauMoHHOro MCMonb-
30BaHunga. OTcyTcTBME TaKux
OCMNOXHEHWUN, KaK AeanuTenunsa-
UMa poroBuLbl, 3p0O3UU, HEKPO3
KOHBIOHKTUBbI U CKIEpPbI, MMNoTo-
HWA rnasHoro A6noka u ap., CBu-
AETENbCTBYET O BbICOKOM YPOBHE
6e3onacHOCTU npegnaraemblix
A031poBOK NpenapaTta. CornacHo
AaHHbIM NuTepaTtypbl, YactoTa
BbINOMTHEHUA npoueaypbl HUA-
nuHra gocturaet 0o 30 % [17-19].
Mpwn aTOM psag aBTOPOB OTMEYaeT
dakTop M3ObITOYHON TpaBmaTu-
3aumm nNpu BbINONTHEHUU CY6-
KOHBIOHKTUBANbHbIX MHBbEKUNA B
30HY (PUSLTPALUOHHON MOAYLLKW
[20]. B Hawem nccnegoBaHnn Mbl
NCKITOYNNN CyOKOHBIOHKTUBAb-
Hble MHbEeKuMM B nocreonepa-
LUMOHHOM BefeHuun, 1 npoueaypa
HUanuMHra notpeboBanacb NuLLb
B 12 % cny4aes.

HanbHenwee wnsydyeHune ap-
PEKTUBHOCTU MeToauKn byaeTt
OCHOBaHO Ha pacLUMpeHnn npu-
MeHeHus 1 HabrnogeHun B bonee
OoTAanéHHble nocrieonepaunoH-
Hbl€ CPOKM.
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PE3IOME

MepBble KNMHWYECKME pe3ynbTaTbl MHTPaonepaLOHHOIO NCNOSb30BaHNS
MUTOMULUMHA-C B XMPYPrnyeckoM fiedeHnn rnaykombl
H.A. AnpaweBa, A.A. bynrakosa, I T. bepikban, A.N. CapceHbaes, [1.9. XXymabekoBa
TOO «Kasaxckuin opgeHa “3Hak [NovéTa” Hay4yHO-UccneaoBaTeibCKUM UHCTUTYT
rmasHbix bonesHen», r. AnmaTbl

KnioueBble cnoBa: rnaykoma, Tpabekynosaktomus, mutoMuumH C, n3bbITO4HOE
pybLeBaHue, BHYTpUINa3Hoe AaBrneHune.

B crtatbe npeacTtaBneHbl NepBble KIMHUYECKME pesyrbTaTbl MHTpaonepaumoHHOro
npumMmeHeHna mutommuuHa C (0,4 mMr/mn) npu XMpyprudeckom fieYeHnn pasfinyHbIX
dopm rnaykombl. B uccnegoBaHue BkNwYeHbl 52 nauueHta (55 rnas) c
OTKPbITOYrofIbHOMW, 3aKPbITOYrONIbHOW N BTOPUYHOW FMayKOMOW, KOTOPbIM BbINOMHEHA
TPabeKyno3KTOMUS UM KOMOMHMPOBaHHbIE BMeLLaTeNbCTBa ¢ ncnonb3osaHem MMC.
MpoBeneHa OUEHKaA AMHAMMWKW BHYTPUTNA3HOro AaBfIEHUS B paHHEM
nocneonepaymoHHOM nepuvoae W aHanmi3 4acToTbl OCNOXHeHUn. OTMe4vyeHo
poctoBepHoe cHmxkeHue Bl B cpegHem Ha 58,7 % C [OCTUXKEHMEM KOMMNEHcaunm
nasneHus B 96,4 % cnydaeB 4epe3 3 mMecsiua HabniogeHus. ABCOMOTHLIM ycnex
pgocturHyT y 49,1 % naumeHToB, OTHOCUTENbHLIN - y 49,1 %, Heygoaya 3ape-
rmctpupoBaHa B 1,8 % cnyyaeB. OCNOXHEHUN, aCCOLMUPOBAHHBIX C NMPUMEHEHNEM
MMC, He BbisiBfieHO. [lony4YyeHHble [aHHble CBUAETENIbCTBYIOT O BbICOKOW
ahpekTnBHOCTM K OGnaronpuaTHOM npodune 6e30nacHOCTU MHTpaonepaLOHHOro

ncnonb3oBaHmsa mutomumumHa C B XUPypruu rrnaykombl U o60CHOBbIBAIOT
Heob6XxoAMMOCTb AanbHEeNWnXx uccrnegoBaHun ¢ 6onee ANUTENbHbIM CPOKOM
HabnogeHus.

TYXbIPbIM

MaykoMaHbl XMpypruanbik emaeyne MUTOMUUnH-C nHTpaonepaumsinbik KongaHyabiH
anfallKbl KIMHUKanNbIK HOTUXenepi
H.A. AnpaweBa, A.A. bynrakosa, I.T. bepikban, A.N. CapceHbaes, [1.0. XKymabekoBa
«“KypmeT Benrici” opgeHai Kasak ke3 aypynapsbl fbiNibIMU-3epTTEY UHCTUTYThI»,
XKLWC, Anmartsbl K.

Kint cespep: rnaykoma, Tpabekynoaktomusa, mutomumumH C, wamagaH TbiC
ThIPTbIKTAHY, Ke3iwinik KbicbiM. Makanaga rnaykomaHblH apTypni TypnepiH
xupyprusanelk emaey kesiHge mutomuumH C (0,4 mr/mn) npenapaTtbiHblH,
NHTpaonepaumanbIk KONAaHbIybliHbIH, anfallKkbl KNMHUKanbIK HOTUXXeNepi YCbIHbISFaH.
3epTTeyre awblk OypbIWThIl, Xabblk OypbIWTHI XOHe eKiHLWINiK rnaykomacbkl 6ap 52
nauyneHT (55 ke3) eHrisingi. bapnelk Haykactapra MMC kongaHymeH
TpabeKynoakTomMusi Hemece BipikTipinreH onepauusanap xyprisingi. Epte onepauusigan
KeWiHri Kesenae Ke3ilinik KbICbIMHbIH AUHaMUKachkl MEH acKbIHyrap »uiniri 6aranangbl.
HaTmxeciHge kesiWwinik KbICbIMHbIH OpTa ecenneH 58,7 %-fa ToMeHgeyi aHbIkTanbin, 3
an iwiHae 96,4 % xafganaa KbICbIMHbIH KOMMNEHcaLUMsCbiHa KO XeTKi3ingi. AOContoTTi
XeTicTik 49,1 %, canbicTbipmansl xeTicTik 49,1 %, caTci3nik 1,8 % xarganaa Tipkenai.
MutomuunH C kongaHymeH GannaHbICTbl acKblHyfap aHblKTanfFaH oK. ArnbIHFaH
HaTWXernep npenaparTbiH TUIMAINIT MeH Kayinci3giriH kepceTeni XoHe y3aKk Mep3imMAi
Bakpbinay apKbiSibl KOCbIMLLIA 3EPTTEYNEpP XKYPridy KaXKeTTiriH gonenaenai.
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SUMMARY

First Clinical Results of Intraoperative Mitomycin-C Use in Surgical Treatment of
Glaucoma
N.A. Aldasheva, A.A. Bulgakova, G.T. Berikbay, A.l. Sarsenbayev, Dzhumabekova D.A.
«Kazakh Order “Badge of Honor” Research Institute of Eye Diseases», Almaty

Keywords: glaucoma, trabeculectomy, mitomycin C, excessive scarring, intraocular
pressure.

The article presents the first clinical results of intraoperative use of mitomycin C (0.4
mg/mL) in the surgical treatment of various forms of glaucoma. The study included 52
patients (55 eyes) with primary open-angle, angle-closure, and secondary glaucoma
who underwent trabeculectomy or combined surgical procedures with MMC application.
Changes in intraocular pressure (IOP) during the early postoperative period and the
incidence of complications were evaluated. A significant reduction in IOP (average
58.7%) was observed, with successful IOP control achieved in 96.4% of cases at 3
months. Complete surgical success was achieved in 49.1% of patients, qualified
success in 49.1%, and failure was recorded in 1.8% of cases. No MMC-related
complications were detected. The findings demonstrate high efficacy and a favorable
safety profile of intraoperative mitomycin C use in glaucoma surgery and justify further
studies with longer follow-up periods.

INITIAL CLINICAL OUTCOMES OF INTRAOPERATIVE MITOMYCIN-C
APPLICATION IN THE SURGICAL MANAGEMENT OF GLAUCOMA

N.A. Aldasheva, A.A. Bulgakova, G.T. Berikbay, A.l. Sarsenbaev, Dzhumabekova D.A.

Kazakh Research Institute of Eye Diseases, Almaty

Keywords: glaucoma, exces-
sive scarring, trabeculectomy,
Mitomycin C

Introduction

Glaucoma is a progressive
disease characterized by the
development of optic neuropathy
and the appearance of visual field
defects, and it is one of the most
common causes of irreversible
blindness. According to global
epidemiological data, the pre-
valence of glaucoma continues to
rise, and it is projected that the
number of affected individuals will
reach 118 million by 2040 [1].

Trabeculectomy (TE) is

considered the gold standard surgical intervention
for the management of this condition,
demonstrating a sustained and significant
intraocular pressure—lowering effect in 80—85% of
patients over long-term follow-up [2].

Nonetheless, the effectiveness of hypotensive
surgical interventions remains insufficient, with
reported success rates ranging from 58% to 68.9%
according to various authors [3], while the
proportion of patients requiring repeat hypotensive
surgery reaches up to 30% [4].

The efficacy of surgical treatment for glaucoma
is largely determined by the nature of regenerative
processes occurring in the area of antiglau-
comatous intervention. The principal cause of
surgical failure is scarring of the newly created
aqueous outflow pathways, which may develop at
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the subconjunctival and episcleral levels, as well as
in the region of the postoperative fistula [5]. As a
consequence, the hypotensive effect is often
transient, owing to active proliferative processes
within the drainage structures formed during
surgery [6].

The situation is further exacerbated by the
prolonged use of hypotensive medications,
particularly those containing preservatives. These
agents exert negative effects on the ocular surface,
promoting the accumulation of cytokines,
fibroblasts, collagen, and lymphocytes within the
conjunctiva, thereby enhancing postoperative
inflammation and reducing the efficacy of
antiglaucoma surgical procedures [7].

Reparative processes in the surgical site follow
the general principles of wound healing and
encompass three sequential phases: inflamma-
tory, proliferative, and remodeling. During the
proliferative phase, episcleral fibroblasts are
activated and migrate, accompanied by the
formation of vascular structures and collagen
bundles, which subsequently lead to the
development of scar tissue and a reduction in
aqueous humor filtration [8]. The final remodeling
phase may continue for over one year.

The optimal goal of pharmacological interven-
tion in the site of antiglaucoma surgery is to inhibit
excessive fibrotic tissue formation while ensuring
the development of stable, long-term functioning
aqueous outflow pathways, simultaneously
preserving adequate conjunctival healing [7].

In glaucoma surgery, various pharmacological
strategies are employed to modulate wound
healing and prevent postoperative fibrosis,
including corticosteroids and nonsteroidal anti-
inflammatory drugs, cytostatics, anti-VEGF
agents, immunosuppressants, transforming
growth factor-f inhibitors, matrix metalloproteina-
se inhibitors, and agents affecting placental growth
factor [9]. Despite the active investigation of
alternative strategies, cytostatic antimetabolites
—primarily mitomycin C and 5-fluorouracil-remain
the most effective and most frequently used agents
due to their pronounced antifibrotic effect and
proven ability to improve the long-term success of
glaucoma filtration surgery [10].

Cytostatic antimetabolites act at the early
stages of wound healing by inhibiting fibroblast
proliferation, collagen synthesis, and scar
formation. The most commonly used agents in
glaucoma filtration surgery are mitomycin C
(MMC) and 5-fluorouracil (5-FU). Mitomycin C, as
an alkylating agent, inhibits DNA synthesis during
the G1 and S phases of the cell cycle, thereby

reducing cellular proliferation [11].

MMC was first introduced for
the treatment of glaucoma in the
early 1990s as an adjunct to
trabeculectomy. Its use provided
long-term intraocular pressure
(IOP) control by slowing post-
operative wound healing through
the inhibition of fibroblast proli-
feration [11]. 5-Fluorouracil (5-
FU), an antimetabolite, inhibits
thymidylate synthase, a key
enzyme in pyrimidine nucleotide
synthesis, thereby disrupting
DNA replication and inducing
cellular apoptosis [12].

In a prospective randomized
study, Y. Kitazawa et al. demonst-
rated that the use of MMC in
patients at high risk of surgical
failure allowed intraocular pres-
sure (IOP) to be reduced to 20
mmHg or lower in 88% of cases,
whereas 5-FU was effective in
only 47% of cases [13]. Similar
findings were reported by G.L.
Skuta et al.: an IOP reduction to
12 mmHg or lower was observed
in 60% of patients treated with
MMC and in 21.1% of those
receiving 5-FU [14].

Objective of the Study

The aim of the present study
was to evaluate the efficacy of
mitomycin C in the surgical mana-
gement of various forms of
glaucoma.

Material and methods

A total of 52 patients (55 eyes)
with glaucoma were enrolled in
the study, including 23 female and
29 male subjects. The patients'
ages ranged from 20 to 86 years,
with a mean age of 57.6 + 9.3
years. All patients were receiving
inpatient care at the Kazakh
Research Institute of Eye Disea-
ses. Among the 55 eyes under-
going surgery, a diagnosis of
open-angle glaucoma (OAG) was
established in 37 cases, angle-
closure glaucoma (ACG) in 9
cases, and secondary glaucoma
in 9 cases. The indication for
surgical intervention was eleva-
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ted intraocular pressure (IOP)
refractory to hypotensive therapy.
The mean number of topical anti-
glaucoma medications administe-
red was 2.8 + 0.4, with a duration
of use ranging from 1 month to 20
years.

In 8% of cases, patients had
previously undergone antiglau-
coma surgery between 2 and 17
years prior to hospital admission.
A diagnosis of complicated cata-
ract was established in 30 eyes,

while pseudophakia was presentin 16 eyes.

Types of surgical interventions included: trabe-
culectomy (TE), trabeculectomy combined with a
“‘Repegel” or “Glautex” drainage implant
(TE + drainage), phacoemulsification with intra-
ocular lens implantation combined with trabeculec-
tomy (Phaco + IOL + TE), and phacoemulsification
with intraocular lens implantation combined with
trabeculectomy and a “Repegel” or “Glautex” drai-
nage implant (Phaco + IOL + TE + drainage). The
distribution of patients according to the type of sur-
gical procedure performed is presented in Table 1.

**Table 1 - Patient Distribution According to Type of Surgical Intervention

[*pseudophakia]**

Patient group

Open-angle
glaucoma
(OAG)

Angle-closure
glaucoma (ACG)

Secondary
glaucoma

TE

6 (4%)

1(1%)

TE + drainage

16 (8%) 1

7 (39

Phaco +IOL + TE 15

6 1

Phaco + I0L + TE + drainage | 1

0 1

total

38 (12%)

8 (1%) 9 (3%)

In 100% of surgical procedures, a 0.4 mg/mL solution of mitomycin C was applied. In
combined interventions, trabeculectomy was initially performed up to the creation of the
deep scleral flap (conjunctival incision, hemostasis, dissection of the superficial scleral

flap, application of MMC to the surgical bed). This was followed by cataract
phacoemulsification according to standard surgical technique. Upon completion of

phacoemulsification, a suture (10-0) was placed at the main corneal incision.

___._a-4‘-‘- =
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Subsequently, the deep scleral flap over the trabecular area was dissected, an iridectomy was
performed, and the scleral and conjunctival incisions were closed in a layered fashion
Figure 1. Technique of Mitomycin C (MMC) Application in Trabeculectomy Surgery:
1 — Preparation: soaking a sponge in a 0.4 mg/mL MMC solution; 2 - Application of MMC
beneath the scleral flap and under the conjunctiva; 3 - Maintaining the conjunctiva in a closed
position for 4 minutes; 4 - Irrigation of the treated area with copious amounts of 0.9% NaCl solution.
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Methodology for the Application of Mito-
mycin C (MMC)

A solution of mitomycin C (MMC) at a concent-
ration of 0.4 mg/mL was used. To prepare this solu-
tion, 20 mg of mitomycin C was dissolved in 10 mL
of 0.9% sodium chloride (NaCl), yielding a solution
with a concentration of 2 mg/mL. Subsequently, 2
mL of this solution (containing 4 mg of mitomycin C)
was further diluted with 8 mL of 0.9% NaCl to obtain
afinal concentration of 0.4 mg/mL.

The resulting MMC solution was applied intra-
operatively beneath the scleral flap and the con-
junctiva for 4 minutes. After exposure, the treated
area was thoroughly irrigated with copious
amounts of 0.9% NaCl solution. The technique for
the application of mitomycin C during trabeculec-
tomy isillustrated in Figure 1.

The effectiveness of the surgical intervention
was evaluated based onintraocular pressure (IOP)
levels (surgical outcome) and the frequency of
needling procedures. The outcome criteria were
defined as follows: Absolute success - achieve-
ment of the target intraocular pressure (typically
<18 mmHg) without the need for additional medical
therapy or further surgical intervention. Relative
success - achievement of the target IOP with the
use of adjunctive medical therapy or minor surgical
manipulations (e.g., needling). Failure - inability to
achieve the target IOP despite medical treatment,
with the subsequent requirement for repeat major
surgical intervention.

Intraocular pressure (IOP) was assessed pre-
operatively and during the early postoperative
period on the 1st day, 8th day, and 1 month
following surgery. The maximum follow-up duration
in this study was 4 months, with IOP measure-
ments taken at this time point in 30 patients. IOP
was measured using a non-contact tonometer,
NCT-200 (Rexxam [Shin Nippon], Osaka, Japan).

The safety of MMC application was evaluated
based on the occurrence of the following compli-
cations: ocular hypotony, corneal depithelia-

lization, keratopathy, corneal ero-
sions, and necrosis of the con-
junctiva and sclera.

Postoperative management of
patients included the instillation of
antibiotics and corticosteroids ac-
cording to a prescribed regimen,
with mydriatics administered as
needed. Peribulbar corticosteroid
injections were performed on the
firstday following surgery.

Statistical analysis of the data
was conducted using PSPP 2.0.1
and Prism 8 (GraphPad Software
Inc., USA).

Results

Preoperative intraocular pres-
sure (IOP) levels in patients ran-
ged from 18 to 60 mmHg, with a
mean value of 35.87 + 9.78
mmHg. On the first postoperative
day, the mean |IOP was 14,82 +
5,75 mmHg, on the eighth day —
13,73 £ 3,52 mmHg, at one month
- 16,72 £ 6,24 mmHg, and at
three months — 14,60 + 3,24
mmHg.

Thus, a reduction in IOP by an
average of 58,7% was observed
during the early postoperative
period.

The dynamics of intraocular
pressure (IOP) before and during
the early postoperative period
were comparable across the
different groups and were inde-
pendent of the type of glaucoma.
Early postoperative outcomes in
the various groups, based on the
criteria for assessing surgical
results, are presented in Table 2.

Table 2 - Early postoperative outcomes according to the criteria for assessing surgical
outcomes (*needling)

Absolute
success

Patients group

Relative Failure

success

Open-angle glaucoma (OAG) 21

14 (*5)

Angle-closure glaucoma 3
(ACG)

5 (*2)

Secondary glaucoma 3

7

Total 27 (49,1%)

27 (49,1%)
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According to the criteria for
evaluating surgical outcomes,
absolute surgical success was
achieved in 27 patients (49,1%),
relative success in 26 patients
(49,1%), and failure was recorded
in 2 patients (1,8%). Thus, at the
3-month follow-up, intraocular
pressure (IOP) was successfully
controlled in 96.4% of cases.
Needling procedures were
performed in 7 patients (12,7%),
of which 6 cases achieved IOP
control, while in 1 case, the
surgical outcome was classified
as a "failure." This patient, with
near-terminal glaucoma, sub-
sequently underwent conventio-
nal cyclophotocoagulation.

In the early postoperative peri-
od, the following complications
were observed: hyphema in 3
cases (5,5%), ciliary choroidal
detachment (CCD) in 3 cases
(5,5%), and scleral exposure in 1
case (1.8%). Persistent hyphema
on the 5th postoperative day in 2
patients required anterior cham-
ber irrigation. In the cases of
CCD, surgical drainage of the
detachment was performed on
the 7th day in 2 patients.
Dehiscence of the postoperative
suture, observed in 1 case, was
addressed with a re-suturing
procedure.

During the follow-up period, no complications
associated with the use of MMC, including
keratopathy, corneal depithelialization, corneal
erosions, or necrosis of the conjunctiva or sclera,
were recorded.

Discussion

The use of agents that prevent excessive scar-
ring in the surgical zone during the postoperative
period following hypotensive interventions is cur-
rently considered the gold standard in glaucoma
surgery. Paradoxically, the use of these agents
remains "off-label" to date. However, the necessity
of their application is emphasized in all internatio-
nal guidelines [15], and starting from 2025, the use
of mitomycin C (MMC) is governed by clinical
protocols for the diagnosis and treatment of "prima-
ry glaucoma" in the Republic of Kazakhstan [16].

The aim of this study was to examine the initial
experience with the application of MMC, with a
primary focus on assessing the safety of its
intraoperative use. The absence of complications
such as corneal depithelialization, corneal erosi-
ons, conjunctival and scleral necrosis, ocular hypo-
tony, and others, indicates a high level of safety for
the proposed drug dosages. According to the
literature, the frequency of needling procedures
can reach up to 30% [17-19]. However, several
authors note the issue of excessive trauma when
performing subconjunctival injections in the filtra-
tion bleb area [20]. In our study, we excluded sub-
conjunctival injections in the postoperative mana-
gement, and needling was required in only 12% of
cases.

Further investigation into the efficacy of this
technique will be based on the expansion of its
application and monitoring over extended post-
operative periods.

REFERENCES

1. Tham Y-C, Li X, Wong TY, Quigley HA, Aung T, Cheng C-Y. Global Prevalence of
Glaucoma and Projections of Glaucoma Burden through 2040: A Systematic Review
and Meta-Analysis. Ophthalmology.- 2014; 121(11): 2081-2090.
https://doi.org/10.1016/j.ophtha.2014.05.013

2. lWmbipeBa B.®., lNMeTtpos C.HO., Makapoa A.C. MNpUdnHbI CHKEHUSA OTAAaNEHHON
TMNOTEH3NBHOM 3(EKTUBHOCTM aHTUIIAyKOMATO3HbIX onepaumi 1 BO3MOXHOCTHU ee
nosbiweHus. maykoma.- 2010; Ne 2:43-49.

3. Antonova AV, Nikolaenko VP, Brzhesky VV, Vuks AYa. The efficacy of
sinustrabeculectomy in the modern clinical practice. Russian Journal of Clinical
Ophthalmology.- 2023; 23(1):21-26. doi: 10.32364/2311-7729-2023-23-1-21-26.

4. Mathew RG, Parvizi S, Murdoch IE. Success of trabeculectomy surgery in relation
to cataract surgery: 5-year outcomes. Br J Ophthalmol.-0 2019;103:1395-1400. doi:
10.1136/bjophthalmol-2018-312972.

KasakctaH odpransmonoruansik xxypHanesl Ne 1 (23) 2026




5. Petrov SYu. Modern Methods of Controlling Wound Healing after Fistulizing
Glaucoma Surgery. Antiinflammatory Drugs and New Trends. Ophthalmology in Russia.
2017;14(2):99-105. doi: 10.18008/1816-5095-2017-2-99-105.

6. Skuta GL, Parrish RK. Wound healing in glaucoma filtering surgery. Surv
Ophthalmol. 1987; 32(3): 149-170. https://doi.org/10.1016/0039-6257(87)90091-9

7. Malyugin BE, Sidorova AV, Starostina AV, et al. Pharmacological modulation of
wound healing in glaucoma surgery. Russian Annals of Ophthalmology.- 2022;
138(4):136—-143. doi: 10.17116/oftalma2022138041136.

8. Holl6 G. Wound Healing and Glaucoma Surgery: Modulating the Scarring
Process with Conventional Antimetabolites and New Molecules. Glaucoma Surg. 2012;
50:79-89. https://doi.org/10.1159/000334790

9. PapankuHa M.B., 3onotapes A.B., Kapnosa E.B., Manos B.M., EpowieBckas
E.b. ®apmakonormyeckasi Koppekumsi U30bITOYHOrO pybueBaHUs B XMPYPruyeckom
neyeHun rnaykombl. AcnupaHTckmin BecTHUK [MoBorkba.- 2023; 23(4):51-58. doi:
10.55531/2072-2354.2023.23.4.51-58.

10. Kavitha S, Tejaswini SU, Venkatesh R, Zebardast N. Wound modulation in
glaucoma surgery: The role of anti-scarring agents. Indian J Ophthalmol.- 2024;
72(3):320-327. doi: 10.4103/1J0.1JO_2013_23. PMID: 38153968; PMCID:
PMC11001230.

11. Mearza AA, Aslanides IM. Uses and Complications of Mitomycin C in
Ophthalmology. Expert Opin Drug Saf.- 2007; 6:27-32.

12. Germanova VN, Karlova EV, Zolotarev AV. Medicated prevention of scarring after
glaucoma surgery. Russian Annals of Ophthalmology. 2020; 136(4):130-137. doi:
10.17116/oftalma2020136041130.

13. Kitazawa Y, Kawase K, Matsushita H, Minobe M. Trabeculectomy with
Mitomycin: A Comparative Study with Fluorouracil. Arch Ophthalmol. 1991;
109(12):1693-1698. https://doi.org/10.1001/archopht.1991.01080120077030

14. Skuta GL, Beeson CC, Higginbotham EJ, et al. Intraoperative Mitomycin versus
Postoperative 5-Fluorouracil in High-risk Glaucoma Filtering Surgery. Ophthalmology.-
1992; 99(3):438—-444. https://doi.org/10.1016/S0161-6420(92)31951-7

15. European Glaucoma Society. Terminology and Guidelines for Glaucoma (6th
Edition). Savona, ltaly: European Glaucoma Society; 2025. Available from:
https://www.eugs.org/pages/quidelines/

16. MuHucTepcTBO 3apaBooxpaHeHuns Pecnybnukm KasaxctaH. KnuHudeckui
NPOTOKON ANArHOCTUKM U fiedeHus nepsudHon rnaykombl. [Npotokon Ne 240, 2023.
HocTtynHo no: https://diseases.medelement.com/disease/nepBrnyHasn-rnaykoMa-kn-pK-
2023/19034.

17. Rotchford AP, King AJ. Needling revision of trabeculectomies: bleb morphology
and long-term survival. Ophthalmology.- 2008; 115(7):1148-1153.e4. PubMed:
https://pubmed.ncbi.nim.nih.gov/18082890/

18. Kirwan JF, Lockwood AJ, Shah P, et al.; Trabeculectomy Outcomes Group Audit
Study Group. Trabeculectomy in the 21st century: a multicenter analysis.
Ophthalmology. 2013; 120 (12):2532-2539. DOI: 10.1016/j. ophtha.2013.07.049.
PubMed: https://pubmed.ncbi.nim.nih.gov/24070811/

19. Anand N, Khan A. Long-term outcomes of needle revision of trabeculectomy
blebs with mitomycin C and 5-fluorouracil: a comparative safety and efficacy report. J
Glaucoma. 2009; 18(7):513-520. PMID: 19223788. PubMed:
https://pubmed.ncbi.nim.nih.gov/19223788/

20. Dave B, Patel M, Suresh S, Ginjupalli M, Surya A, Albdour M, Kooner KS. Wound
Modulations in Glaucoma Surgery: A Systematic Review. Bioengineering (Basel). 2024
Apr 30;11(5):446. doi: 10.3390/bioengineering11050446. PMID: 38790314; PMCID:
PMC11117829.

Odranbmonoruyeckui xxypHan KasaxcrtaHa Ne 1 (23) 2026




YAOK: 617.7

MAYKOMA C HU3KUM BHYTPUINMA3HbIM OABJIEHUEM:
KNMWHUKO-NMATONrEHETUYECKUE OCOBEHHOCTHU
N noaxoabl K IEYEHUIO

I"B. Tneybaesa, X.Y. Baxanosa, E.H. Topebek

“Kazakh Order of the Badge of Honor Research Institute of Eye Diseases,”

r. AnmaThbl

KniouyeBble cnoBa: rnaykoma
HOpPMaribHOrO AaBneHUs, HU3KOoe
BHYTpUrnasHoe [faBneHuve, 3pu-
TeNbHbIN HepB, rnaykomMaTo3Has
onTuyeckas Henponartus, runo-
TeH3nBHas Tepanus.

BBegeHue. TepMuH «rnayko-
Ma» obbeguHAEeT rpynmny XpoHu-
YeCKux nporpeccupyrowmnx od-
Tanbmonornyeckux sabonesa-
HW, XapakTepusyLnxca nopa-
XEeHUeM 3puUTenbHOro Hepsa U
pasBUTUEM XapaKkTepHbIx Aedek-
TOB nons 3penus [1]. TpagnumoH-
HO BeayLmMM (akTOpoM pucka
pasBUTUS N NPOrpeccupoBaHns
rmaykombl CYMTAETCHA MOBbILLIEH-
HOe BHyTpuUrnasHoe pasneHue
(Br), okasbliBawLiee noBpex-
jawulee Bo3gencTBME Kak 3a
CYET MEXaHNYECKOWM KOMMNPECCUM,
Tak M BCneacTBue HapyleHus
KpOBOCHabXeHMs 1 meTabonus-
Ma TKaHen 3puTenbHOro Hepsa
[2].

B 10 Xe Bpems rmaykoma ¢ Hu3-
KAM BHYTpUrnasHbIM AaBrneHuem
(FHO) npenctaensieT cobon oco-
O6yto copmMy rnaykoMaTto3HOWN
onTUYEeCKOW HemponaTuu, npu
KOTOPOW TUMNYHbIE MOPPOPYHK-
UMOHanbHble W3MEeHEeHUsa aucka
3puUTENBHOrO HepBa W Nons 3pe-
HUS pa3BMBAIOTCA MPU YPOBHSX
Blrl, He npeBblWalOWMX CTaTUC-
Tnyeckyto Hopmy [3]. KnuHuyec-
kag kaptuHa HO BO MHOrom
CcxogHa C NepBUYHOWN OTKPbITO-

YroribHOW rnaykomMom, OJHaKo OTCYTCTBME CTONKOW
opTanbMormnepTeH3nn ykasbiBaeT Ha 3HaYNMYHO
ponb anbTepHaTUBHbBIX MATOrEHEeTUYECKNX Mexa-
HU3MOB.

anuaemunonorM4eckne uccnegoBaHus ge-
MOHCTPUPYIOT BblIpaXXeHHbIE MEXNONynALUNOHHbIE
pasnMuna B pacnpoCTPaHEHHOCTU rnayKoMbl
HOpMaribHOro JaBneHns: B ctpaHax Asum eé gons
pocturaet 40-50% Bcex cnyvyaes rnaykombl, Torga
Kak B 3anagHblX MNOnynsumsx cCOCTaBrisieT OKOMo
10-20% [4]. HecmoTpsi Ha HOpMaribHble 3HaYeHUs
B[l 3aboneBaHue xapakTtepusyeTcs nporpec-
CUPYIOLLNM TEeYEeHNeM W Hepeako MpuBOAUT K
BbIPAXXEHHOMY CHUXXEHUIO 3PUTENbHBIX (YHKLNIA 1
WHBaNMAan3aLnm NaLmMeHToB.

AKTyanbHOCTb. [Taykoma HopmaribHOro AaBs-
nenus (MHL) octaétca ogHom M3 Hanbonee akTy-
arnbHbIX Npobrem coBpeMeHHOW odTanbMonormm
BCNeACTBUE covYeTaHUs OAMAarHOCTUYECKUX
TPpygHOCTEN, MHOropakTOpPHOro naTtoreHesa u
pucka nporpeccupoBaHUs NpU UCXOAHO HOP-
MarnbHbIX 3HadyeHnax BI[. B knuHunyeckonm npak-
Tvke MH Hepeako BbIABNSETCS NO34HO, NOCKOSb-
Ky OTCyTCTBME OTanbMOrMnepTeH3nn CHmxaet
HACTOPOXXEHHOCTb Bpaya 1 naumeHTa, a pyHKUmo-
HanbHble Xanobbl Ha paHHMX 3aTanax MoryT
oTcyTcTBOBaTh. [1pyM 3TOM MMEHHO y 60nbHLIX C
MHO oTHocuTenbHO 4acTto HabniogatTcsa napa-
UeHTpanbHble 1 ayroobpasHble AedeKTbl Mnons
3peHusl, cnocobHble paHblue 3aTparvBaTb LIEHT-
panbHble 30HbI M NPUBOAMUTb K CHUXEHUIO Ka4eCcTBa
XWU3HW.

KntouyeBbiM acnekToM akTyanbHOCTU SBMsSieTCH
TO, YTO Npu MH[ cywecTBeHHyo ponb urpatot Bl -
He3aBUCUMble MEXaHU3Mbl NOBPEXOEHUA 3pu-
TenbHOro Hepsa. B o63opax nogvépkuBaeTcsa
3Ha4YeHMe CoCyauCTbIX PaKTOPOB (CHWXEHME nep-
y3MOHHOIO AaBfeHus, Bas3ocnasM, HapyLleHUs
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ayToperynsuMmM KpoBOTOKa), a Takke Henpoaere-
HepaTUBHbIX NPOLIECCOB, KOTOPblE MOryT YCUMn-
BaTb YA3BMMOCTb FaHITIMO3HbIX KIIETOK CeTyaTKu
Aaxe npu «HopManbHbIX» umdpax Br [5], [6].
KnnHuyeckn 91O 4acto accouuupyetcs C Cuc-
TEMHOW TUNOTOHUEWN, MUTPEHbID, (PEHOMEHOM
Basocrnasma u BEepOATHbIM BAUSHUEM HOYHOM
rMNOTOHUN - PAKTOPOB, ONUCLIBAEMbIX KaK 3Ha4u-
Mble anda nporpeccupoanna M'HL [6], [7].

[ononHUTENbHYI0 3HaYMMOCTb Npobneme npu-
AaéT ToT (pakT, YTO CHuxXeHune BI[l ocTtaértcs
€ONHCTBEHHbIM [OKa3aHHbIM MeToOOM 3ame[-
neHus nporpeccupoBaHnd, ofgHako Tpebyemas
«uenesasay BenuynHa gasnenuns npy M obbivHO
HUXe, YeM Nnpu NepBUYHON OTKPbITOYrOfbHON
rnaykome. B Collaborative Normal-Tension Glau-
coma Study Group nokasaHo, YTO YMeHbLUeHue
Bl cHwkaeT puUCK NporpeccupoBaHus, XoTd Y
4acTu NauWeHTOB MpoAosKaeTca yxyalleHue
napameTpoB, 4TO NnogyépkmBaeT Bknag Bl [J-He3a-
BUcUMbIX bakTtopoB [3]. KoHuenuus adpdekTns-
HOCTM cHWXeHunsa Bl kak pakTopa 3amenneHus
NporpeccupoBaHns NOATBEPXKAAETCA N KPYMHbIMU
nccnegoBaHUSMN MO rnaykome B uenom [4].

OToenbHbIM HanpaBneHneM akTyanbHOCTU
ABNAETCA NOUCK UHCTPYMEHTOB NnepcoHanuaaumm
pucka M MOHUTOPUHra, OCOBEHHO - NpU HOPMO-
TeH3uBHOM npodune 3abornesannsa. ToHKasa poro-
BMUa N BruomexaHn4eckne oCobeHHOCTU rnasHoro
sfbnoka cnocoOHbl NPUBOAUTL K HEAOOLEHKe
nctuHHoro BIl m oTpaxaTb NOBbLIWEHHYIO
YSA3BUMOCTb TKaHewn 3puTernbHOro Hepea. B atomn
CBS3N BHEAPEHME METOAOB OLEeHKN BUOMEXaHWNKM
(Hanpumep, Corvis ST n npomnsBoaHbIE UHAEKCHI
pucka) paccMaTtpuBaeTCs Kak nepcnekTUBHOEe
AOMNOMHEeHWe K CTaHOapTHbIM CTPYKTYPHO-(PYHK-
UnoHanbHbIM MeTogam KoHTpons (OKT u nepu-
mMeTpus), no3sonss 6onee o6ocHOBaHHO onpeae-
nate uenesoe Bl n nporHosupoBaTb nporpec-
cupoBaHue [5], [6].

Takmm obpasom, aktyanbHocTb HL obycnos-
neHa:

1. BblCOKkOM pacnpoCTpaHéHHOCTbO B psage
nonynsaummn.

2. Puckom nosgHen AnarHoCTUKM K3-3a HOp-
mManbHoro BI'[1.

3. 3HauMmon ponbk COCYAUCTbIX U HEWNPO-
aereHepaTUBHbIX MEXaHU3MOB.

4. HeobxogumocTbio 6onee cTpororo UHANBK-
AyarbHOro KOHTPONSA W MNepCoHanM3npoBaHHOIO
noaxoda K repanuu u MOHUTOPUHTY [5], [6], [7].

Llenb uccnepoBaHusa - oue-
HUTb KIMHUYECKME U naToreHe-
TMyeckme OCOBEHHOCTM rnayko-
Mbl C HU3KAM BHYTPUINasHbIM
AaBneHneM n onpegenutb dak-
TOpbl, aCCOLMNPOBAHHbIE C MPOr-
peccupoBaHueM rrnaykomaTos-
HOM ONTUYECKOW HenponaTum rnpu
HOopMarbHbIX 3Ha4YeHusx B .

Matepuan u metoabl. [ns
HanucaHma ctatbl Obin npose-
AEH aHanua Hay4Hbix nybnuka-
uMn, onybnmnkoBaHHbIX 3a Moc-
negHue 5-10 net, NOCBALWEHHbIX
rmaykome HopMarsbHOro aasne-
Hus. [JononHuTenbHO npeacTas-
NEeHo KnuHu4eckoe HabniogeHune
NauneHTKM C rnaykoMomn C HU3KNM
BI'[ 13 KNMHN4YeCcKOM NPaKTUKN.

KnuHnyeckoe HabnropeHwme.
MauueHTKka, 52 roga, ¢ Mmonuen
cpeaHen cteneHu Bnepsble obpa-
TMnacbk K opTanbMosnory ¢ Lenbio
nogbopa o4koB Ans paboThbl 3a
KomrbloTepoM. 3 aHamHe3a us-
BECTHO, YTO OYKM 4119 Aann HOCUT
c 18 nert, nepuognyeckn meHsna
Koppekuuto B onTuke. Mo gaHHbIM
npegbIgyLwmx oCMOTPOB BHYTPU-
rnasHoe AaBrieHne Bcerga Haxo-
ANNOCH «B Npegenax HopMbI».

M3 anamnesis vitae: cucrem-
Has aptepuanbHasa rMNOTOHMUA
(AL okono 110/70 mm pT.CT.), C
nogpoCTKOBOro Bo3pacTta - Mur-
PEeHb.

Mpn nepBMYHOM OCMOTpE Mo-
KasaTtenu NHEeBMOTOHOMETPUMU
coctaBunm 16,3 MM pT.CT. Ha
npasom rmnasy u 17,4 Mmm pT.CT. - Ha
nesom. AkcmanbHasa gnvnHa rnas -
25,0 mm Ha oba rmasa. Npu od-
TarnbMOCKOMNUM BbISIBNIEHbI MPU3-
HaKW rnaykomMaTo3HOM OnTuyec-
Kon Hewnponatuun. Ona gud-
depeHUnanbHON ONArHOCTUKN
nNpoBeLEHO OOMNOSNIHNUTENbHOE
KOMMriekcHoe obcnenoBaHMe Ha
rnaykomy (OKT, nepumetpus,
BnomexaHM4yeckn KOMMEHCUPO-
BaHHoe BI'[] Corvis ST).
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Mpn nposegeHnn OCT O3H n makynapHOW 30HbI Ha 0b6a rnasa BbisiBNieHbl JOCTO-
BEPHblE NPU3HAKM rMayKOMHON ONTUYECKOW HemponaTum, BKNOYaloLWme UCTOHYEHNe
raHrmMo3Horo KnetoyHoro komnnekca (GCL+) (pucyHok 1): npenmyLecTBeHHO B napa-
n cynpadoBeasnbHbiX 30HAX, KOTOpPble KOPPENUPYKT C TOMLWMHOM CIiOSt HEPBHbIX
BornokoH (RNFL). B MmakynapHbIX CEKTOPHbIX AuarpaMmmax onpeaenstoTcsd MHOXeCT-
BEHHblE NaTONOrMyeckmne 30Hbl, KOTOPbIE COOTBETCTBYIOT (DYHKLMOHAIbHBbIM Aed)eKTam
Nnons 3peHus.

PucyHok 1. lNokasaTtenu raHrmmMo3Horo knetodHoro komnnekca (GCL+)

Mpu oueHke OCT [O3H (puCyHOK 2) BbISIBIIEHO: BbIPaX€HHOE, acMMeTpu4Hoe
mexay rmazamu nctoHyeHune (RNFL) ¢ npenmyLecTBeHHbIM NOpaXXeHneM BEPXHErO U
HWKHEro KBagpaHTOB (KIacCUYeCKuUi rmaykoMaTo3HbIn npusHak). OkckaBaums [A3H
paclmpeHa ¢ ICTOHYEHNEM HepopeTUHanbHoro oboaka, 0CO6eHHO - MO BepTUKanu
HapyLweHue npasuna SINT.
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PucyHok 2. OnTtnyeckas korepeHTHasa Tomorpadua A3H

Mo gaHHbIM NepumeTpumn (PUCYHOK 3) BbISIBNIEHO, YTO MNOfie 3peHus, B LENOM,
COXPaHEHO, HO €CTb PACLUMPEHHbIE YYACTKN CHUXXEHUS YyBCTBUTENBHOCTU, CrMBato-
LLIMECst CKOTOMbI C TeHAEeHUMEN K yroobpasHbiM naMmeHeHnsaMm. MmobanbHble MHOEKChI
(PD, AD, GHT) ykasbiBatoT Ha guddy3Hble n3MeHeHusi, Bornee BblpaXeHHble Ha
npaesoM rnaay. o JaHHbIM NEPUMETPUM: KA4eCTBO MOSS 3PEHUSI CHMKEHO, U3MEHEHUS
accumeTpuyHbl, 6onee BbipaXeHbl Ha NPaBOM a3y, YTO XapakTepHO ANs rnaykoma-
TO3HOro nopaxkeHusi 13H.
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PucyHok 3. lNMokasaTtenun nepnmerpumn

[Npn oueHke TOHOMETPUM N BoMexaHn4eckmx cBomcTB porosuubl No Corvis ST ¢
aKLEHTOM Ha BEpPOATHOCTb rMayKkoMbl 4515 KaXA0ro rnasa (PUCYHOK 4) BbISIBINEHO, YTO Ha
oba rnasa ToHkas poroBuua (cnpaea - 475 u cnesa - 466 mMkm) n Biomechanical
Glaucoma Factor (BGF) Ha 06a rna3a nmeeT rnaykoMaTo3HbI XapakTep.

"- -

St s

W Peppean
ELY Qu. #s

PmcyHOK 4. BUOMeXaHNYecKni FJ'IayKOMHbIVI dakrtop no ,D,aHHbIM Corvis ST

Mo pesynsratam obcrefoBaHWsa nauneHTke Obin BnepBble BbICTaBMeH AMarHo3
rmaykombl C HU3KUM AasrieHneM. HecmoTpsi Ha TO, YTO nokasaTenn TOHOMETPUM - B
npegenax CTaTUCTUYEeCKOM HOPMbI, NaUMEHTKE Ha3HayYeHa MeCTHas rMnoTeH3MBHas
Tepanus - npocTarnaHgnHbl B 6eckoHcepBaHTHOM hopme. [pu oueHke nokasaTtenen B
AnHamuke 4yepes 4 mecsua BbigBneHo, 4to no gaHHbiMm OCT OA3H coctosiHme
3pUTenbHOro Hepsa cTtabunsHoe, 6e3 p,aaneMLuero yXyALeHns (pmcyHOK 5).
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PucyHok 5. ,El,aHHble OCT ,EI,SH B AMHaAMUKe
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[Mpn oueHKe NepuMeTPUYECKNX OaHHbIX HA (POHEe neyvyeHust (PUCYHOK 6) Ha npaBoMm
rnasy otmevaetrcs yHKLUMOHANbHOE ynydlleHne, 0COBEHHO - 3a CYET YMEHbLUEHUS
AN dpy3HOro KOMMNoOHeHTa: noBbicunacb obuwas 4yBCTBUTENbHOCTb, rMybuHa
napaueHTpanbHbiX Ae(EKTOB CHU3UNAcb, YMEHbLUUIIOCb KOMUYECTBO rpybbix
oTpuuaTenbHbIX 3HadYeHun, n gedekt cran 6onee nokanbHbiM Ha neesom rnaasy
oTMevaeTcqa cTabunusauma 6e3 yxyAaleHUs: HOBbIX CKOTOM He MNOSABMUIIOCH,
CYLLIECTBYIOLLME HE YBENMYUNUCb, rMybunHa AedeKkToB 4YacTUYHO YMeHbLUuracb, HO
MOMHOCTBIO He perpeccupoBana.
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PucyHok 6. lNMepumeTpus B AUHaMUKe, Ha OOHE fieHeHns

Mpn oueHke BUoMexaHUYeCKMxX nokasaresnien no gaHHelm Corvis ST (pUCyHOK 7) Ha
doHe neyeHus BbiiBNeHo, YTo BI'[l Ha ob6ounx rmasax HaxoauTcsi B HU3KOHOPMalibHOM
AnanasoHe. He oTmMedeHO yxyaweHus BMomexaHW4eckux nokasaTenemn, Kpusble
Aecopmauum poroBulbl ocTaroTcsl cTabunbHbiMU, a 3HaveHna BGF He gemoHCTpupytoT
TeHOEHUMM K AanbHerLweMy CMELLEHUIO B MATONOMMYECKyto 30HY. OTO CBUAETENbCTBYET
O TOM, YTO OOCTUTHYTbIN ypoBeHb BI[l aBnseTca agekBaTHbIM C YY4ETOM TOSLLUNHBI U
BMOMeEXaHMKM POroBULbI.
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PucyHok 6. BuiomexaHu4eckne nokasatenu no gaHHoeim Corvis ST
B AUHaMKKe, Ha OOHe feveHnst
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O6c¢cyxaeHue. B faHHOM KNMHUYECKOM Habsto-
AeHnn 3P PEeKTUBHOCTbL MPOTMBOrNIAayKOMHOIO
neyeHna oueHuBanacb Ha OCHOBaHUMN
KOMMJIEKCHOro aHanu3a cTpyKTypHbix (OKT),
PYHKUMOHANbHbLIX (aBTOMaTu3MpoBaHHas
nepumetpusi) n buomexaHmndeckux (Corvis ST)
nokasaTenemn, YTo COOTBETCTBYET COBPEMEHHbIM
noaxogam K MOHUTOPUHTY rfayKoMbl.

[laHHblIE ONTUYEeCKOW KOrepeHTHOW ToMorpa-
duun. Mo gaHHbIM OKT BbiSiBNEHbI XapakTepHble
NMPU3HaKKU rraykoMaTto3HOW ONTUYECKOW Henpona-
TUK, BKINOYAS UCTOHYEHME CNOS HEPBHbIX BONTIOKOH
ceTyaTKM, KOMMMEeKca raHrfMo3HbIX KIeToK, a
TaKxe yBenuyeHve aKckaBauumn ancka 3apuTenbHo-
ro HepBa c HapyweHuem npasuna ISNT. lNpu
ANHaMMYecKoM HabnogeHun Ha oHe neveHus
oTpuLaTENbHON CTPYKTYPHON AMHAMUKM HE BbIsiB-
neHo: TonwmHa RNFL n GCL octaétcs ctabunb-
HOW, 30Hbl UICTOHYEHUSA HE PaCLUNPAIOTCS, NoKasa-
TEeNnu 3KcKaBauuMuM OUCKa 3pUTENbHOro HepBa He
yBenu4yusatoTcsa. OTCyTCTBUE NPOrpeccMpoBaHns
CTPYKTYPHbIX M3MEHEHUN SABNAETCH KMYeBbIM
KpuTepuneM 3EKTUBHOCTM NIEYEHMS, MOCKONbKY
BOCCTAHOBIIEHME YTPAYE€HHbIX HEPBHbIX BOJIOKOH
Npw rnaykoMe HEBO3MOXHO.

Mo naHHbBIM cTaTUYeCcKon NOPOroBo aBTomMaTu-
3MPOBaHHOM NepPUMETPUM Ha POHE NleYeHns OTMe-
YeHa (PyHKLUMOHanbHasa ctabunusaumsa n 4actmy-
HOe yryylleHne nokasaTenen nons 3peHust o
CpaBHEHUIO C UCXOAHbIM cocTosHMeM. Habnroga-
€TCS YMEHbLUEHNe BblpaXKeHHOCTU Anddy3Hon
Aenpeccum CBEeTOYYBCTBUTENbHOCTU, OTCYTCTBUE
yrnyoneHnsa n paclmpeHusi paHee BbISIBNEHHbIX
rMaykoMaTO3HbIX CKOTOM, a TaKXe OTCYTCTBUE
NosiBNeHnsa HOoBbIX AedekToB. NonyyeHHble aaH-
Hble CBUOETENLCTBYIOT O CTabunmMsaumm pyHKUMO-
HanNbHOro COCTOSIHUS 3PUTENBbHOIO HEPBA.

Cnenyet OTMETUTb, YTO NPU rMaykoMme yny4iue-
HWe nokasaTtenen NnepuMeTpun BO3MOXHO 3a CHET
CHWXXEHUSI BHYTPUITIA3HOrO AaBMeHWs, YMeHbLLUe-
HUA nwemMnn n mMetabonuyeckon AnCAyHKLUK
FaHrIMO3HbIX KIMETOK CeTHaTKN, YTO He NPOTUBOpPE-
YUT OTCYTCTBUIO perpecca CTPYKTYPHbIX U3MeHe-
HWU No AaHHbIM OKT.

Mo gaHHbIM TOHOMETPUM N BroMexaHU4eCcKom
oueHkn poroBuupbl Corvis ST uctnHHoe Bl Ha
POHEe NeYeHnss HaxoauTCa B HU3KOM WMIIN HU3KO-
HOopmarbHOM AuanasoHe. [Mpyu 3TOM BbiSBrEHa
YMeHbLUEeHHasa LueHTpanbHas TomMLWmHa poroBuubl,
4YTO MOXET MPMBOAUTbL K HEOOOLEeHKE WUCTUHHOrO
ypoBHs BI[l npu ctaHgapTHOM TOHOMETPUU U
TpebyeT nHaMBUAYyaneHOro nogxona K onpegene-

HUIO LleneBoro AaBneHuns. 3Hadve-
Hus BGF Ha obowux rmasax cme-
LLieHbl B CTOPOHY rrlaykomaros-
Hov (NTG) nonynsumm, 4TO yKa-
3blBAET Ha MOBbILLIEHHYHO YS3BU-
MOCTb 3pUTENBHOrO HEpBa K BO3-
OENCTBUIO BHYTPUrNa3HOro Aas-
NeHnsa gaxe npuv OTHOCUTESbHO
HU3KUX ero 3HadveHusax. MNMpu gu-
HamMn4yeckom HabnwogeHun yxya-
LUEeHNs1 BMoMexaHU4YecKnx Moka-
3aTernemn He BbISBMNEHO, 3Ha4YeHns
BGF ocTatotca ctabunbHbiMU,
4YTO NOATBEPXKOAET afeKBATHOCTb
AOCTUrHyTOro ypoBHs BI'[ ¢ y4é-
TOM MHOMBMAYanbHbIX BMoMexa-
HUYECKMX XapaKTEePUCTUK rnasa.

KomnnekcHas oueHka addek-
TUBHOCTU NEYEHUS.

Takmm obpas3om, COBOKYMHbIV
aHanun3 aaHHbix OKT, nepumer-
pun n Corvis ST cBugetenbcr-
BYET O TOM, YTO Ha ¢poHe NpoBO-
AVMOro NnevyeHus AOCTUrHyTa
CTPYKTYPHO-(PYHKLNOHaNbHas
ctabunmsaumsa rnaykomMaTo3Horo
npouecca. OTcyTCTBME Nporpec-
cupoBaHus no gaHHbiMm OKT,
dyHKUMOHanNbHaa crtabunmsauus
nons 3peHnsa u KoHTposnb Bl c
y4€TOM OBMOMExXaHMyeckux dak-
TOpPOB puCKa NO3BOMAT pacle-
HMBaATb MPOBOAUMYIO Tepanuio
KaK 9(p(peKkTUBHYIO Ha TekyLlem
aTane 3aboneBaHus.

3aknrw4veHue. KomnnekcHas
OLEHKa pesynbratoB fle4YeHus C
NCNOSIb30BaAHUEM ONTUYECKON
KOorepeHTHon Tomorpaduu, aBTo-
MaTM3MpOBaHHOW NEPUMETPUN U
Corvis ST nokasana oTcyTcTBME
CTPYKTYPHOIO nporpeccupoBa-
HWS rMayKkoMaTo3HOW ONMTUYECKOM
Henponatum M crabunusauunto
PYHKUMOHAnNbHbIX MoKa3aTenen
nons 3peHusi. KoHTponb BHYTpU-
rMas3Horo AaBreHnsa JOCTUMHYT Ha
YPOBHE WHOMBMAYAIbHOIO Lene-
BOro 3HayeHusi ¢ y4étom Ouno-
MeXaHN4YeCKNX CBOWCTB pPOroBu-
ubl. lMonyyeHHble AaHHbIE MOA-
TBepXpawT 3P PEeKTUBHOCTb
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NPOBOAUMOI MPOTMBOrNAyKOM-
HOW Tepanuu W Lenecoobpas-
HOCTb MCTONb30BaHUS MynbTUNa-
pameTpuyeckoro nogxoga Aans
MOHUTOPVHra MauMeHToB C rnay-
KOMOW HOpMarbHOro AaBneHus.

BbiBoAbI

1. MaykoMa C HU3KUM BHYT-
puUrnasHbIM [aBrieHeM SBrsieT-
CS KITMHMYECKM 3Ha4YMMOou U1 naTo-
reHeTUYEeCKN CITIOKHON hbopmon
rmaykomMaTto3HOW OMNTUYECKOU
HevponaTuu.

2. 3aboneBaHne MOXeET NporpeccupoBaTtb Npu
HopMarnbHbIX 3Ha4YeHuax B, 4To nogTeepxaaet
MHOro)akTOPHbIN XapaKTep ero naToreHesa.

3. KomnnekcHoe odTanbmonornyeckoe obecne-
AoBaHue ¢ ncnono3osaHnem OKT, nepumetpumn un
Corvis ST nosBonseT BbIABAATb rnaykoMy HoOp-
MarbHOro AaBieHNs Ha paHHUX CTaauUsIX.

4. HasHayeHue rmnoTeH3nBHOM Tepanuu gaxe
npv HopmanbHoMm ypoBHe BI[] cnoco6cTByeT cTa-
GunmMsaumm rmaykomaTo3HOro npowecca 1 3ames-
NEHVIO ero NporpeccupoBaHms.

5. BegeHuve naumMeHTOB C rmaykoMown HopMarb-
HOro AaBneHus TpebyeT nHOMBWMAOYanuM3MpoBaH-
HOro noaxoda W pPerynspHoro AMHaAMUYeCKOro
HabnoaeHus.
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PE3IOME

[MaykomMa C HU3KMM BHYTPUINasHbiM AaBNEeHNEM: KITMHUKO-NaToreHeTn4eckme
OCOOEHHOCTW U NOAXOAbI K NeYeHunto
I"B. Tneybaesa, X.Y. Baxanosa, E.H. Topebek

“Kazakh Order of the Badge of Honor Research Institute of Eye Diseases,”
r. Anmarbl

KnioueBble crnosa: rnaykoMa HOPMarbHOro OaBMeHWs, HU3KOE BHYTpUImasHoe
[aBreHue, 3puUTENbHLIN HepB, rnaykoMaTo3Has onTu4yeckas HeWponaTug,
rMNoTEeH3NBHas Tepanusi.

B ctaTbe nogpo6HO paccmaTpuBalOTCA OCHOBHbIE MPUYMHBI U NaToreHeTuYeckne
MEXaHV3Mbl Pa3BUTKS TNayKoMbl C HU3KUM BHYTPWUIMAa3HbiM OaBreHWeM, a Takke
COBpPEMEHHbIE MeToAdbl €€ AMAarHOCTMKM M MoaXoAbl K CBOEBPEMEHHOMY NEYEHMIO.
Ocoboe BHMMaHWE yAeneHo COCyAMUCTbIM U HelpodereHepaTVBHbIM MeXaHu3mam,
y4acTBYIOLLIMM B MPOrpeccrMpoBaHui rnaykomMaTo3HOM onTudeckon Heponatum. Kpome
Toro, B paboTe npencTaBneHbl KMMHUMYECKME Cryvyau MNauMeHTOB M3 MPaKTUKW,
UNMIOCTPUPYIOLLME 0COGEHHOCTM TeYeHUs 3aboneBaHnst, AMarHoCTUYECKNE CITOXKHOCTY
1 3¢pPEKTUBHOCTL NPOBOAMMON Tepanmmn Npu AMHaMU4eckoM HabnogeHUN.

T¥XKbIPbIM

TeMeH Ke3siLinik KbICbIMMEH XXYPETIH rnaykoma: KrMHUKarnblK-naToreHeTuKanbIk
epeKLLenikTepi XXeHe emaey Tacingepi
I"B. Tneybaesa, X.Y. Baxanoea, E.H. Topebek
«“Kypmet Benrici” opaenai Kasak ke3 aypynapsbl fblfibiIMU-3epTTEY MHCTUTYThI»,
LWLIC, AnmaTtbl K.

KinT ce3nep: kanbinTbl KbICbIMAbI r11aykoMa, TOMEeH Ke3iLLiSTiK KbICbIM, KOpY XXYMKECI,
rmaykomarosipbl OonTukarnblk HelponaTtusi, runoTeH3uBTi Tepanus. Makanaaa TemeH
(kanbINTbl) K3iLWiniK KbICbIMMEH >KVpeTIH rnaykoMaHblH AaMybiHbIH Herisri cebenTepi
MeH naToreHeTukanbik MexaHm3M,qep| CoHJai-aK OHbl AnarHocTukanayablH 3amaHayu
aficTepi MeH yakTbinbl eMaey Tacingepi XaH-KakTbl kapacTblpblniFaH. [maykomatosgbl
ONTUKanbIK HenponaTUsiHbiH YAeyiHe KaTbiCaTblH TaMblpfblK X8He Henpoaere-
HepaTUBTIK MExXaHU3MAepre epekiie Hasap aygapbinFaH. CoOHbIMEH KaTtap, XXyMbiCTa
aypyablH afbiM epeKLLEenikTePIH, AnarHOCTUKanbIK KNbIHAbIKTapAbl XKeHe ANHaMUKanbIK
Bakbinay xafganblHAA XKYPrisinreH TepanusaHbiH, TUIMAININIH KepCceTeTiH KNUHUKanbIK
ToXipnbeaeH anblHFaH NaUuneHTTepaiH XaFaannapbl YCbIHbIFaH.

SUMMARY

Low-Tension Glaucoma: Clinical and pathogenetic features
and approaches to treatment
G.B. Tleubayeva, K.U. Vakhapova, Y.N.Torebek
«Kazakh Order “Badge of Honor” LLP Research Institute of Eye Diseases», Almaty

Keywords: normal-tension glaucoma, low intraocular pressure, optic nerve,
glaucomatous optic neuropathy, hypotensive therapy.

The article provides a detailed analysis of the main causes and pathogenetic
mechanisms underlying the development of low-tension glaucoma, as well as
contemporary diagnostic methods and approaches to timely treatment. Particular
attention is paid to vascular and neurodegenerative mechanisms involved in the
progression of glaucomatous optic neuropathy. In addition, the paper presents clinical
cases from practice that illustrate the features of disease progression, diagnostic
challenges, and the effectiveness of ongoing therapy during dynamic follow-up.
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The term “glaucoma” encom-
passes a group of chronic prog-
ressive ophthalmic diseases
characterized by damage to the
optic nerve and the development
of characteristic visual field de-
fects [1]. Traditionally, the leading
risk factor for the development
and progression of glaucoma is
considered elevated intraocular
pressure (IOP), which has a
damaging effect both through
mechanical compression and due
to impaired blood supply and
metabolism of the optic nerve
tissues [2].

At the same time, low-tension
glaucoma (LTG) represents a
distinct form of glaucomatous op-
tic neuropathy in which typical
morphofunctional changes of the
optic disc and visual field develop
at I0P levels that do not exceed
the statistically normal range [3].
The clinical presentation of LTG
largely resembles that of primary
open-angle glaucoma; however,
the absence of persistent ocular
hypertension indicates a signifi-
cant role of alternative patho-
genetic mechanisms.

Epidemiological studies de-
monstrate marked interpopu-
lation differences in the prevalen-
ce of normal-tension glaucoma: in
Asian countries, its proportion
reaches 40-50% of all glaucoma
cases, whereas in Western popu-

lations it accounts for approximately 10-20% [4].
Despite normal |IOP values, the disease is
characterized by a progressive course and
frequently leads to significant visual function
impairment and patient disability.

Relevance

Normal-tension glaucoma remains one of the
most significant problems in contemporary
ophthalmology due to the combination of diagnos-
tic challenges, multifactorial pathogenesis, and the
risk of progression at initially normal IOP levels. In
clinical practice, LTG is often detected at advanced
stages, since the absence of ocular hypertension
reduces both physician and patient vigilance, and
functional complaints may be absent in the early
phases. At the same time, patients with LTG
relatively often develop paracentral and arcuate
visual field defects, which may involve central
regions earlier and lead to a reduction in quality of
life.

A key aspect of its relevance is that I0OP-
independent mechanisms of optic nerve damage
play a significant role in normal-tension glaucoma.
Reviews emphasize the importance of vascular
factors (reduced perfusion pressure, vasospasm,
and impaired autoregulation of blood flow), as well
as neurodegenerative processes that may incre-
ase the vulnerability of retinal ganglion cells even at
‘normal” IOP levels [5], [6]. Clinically, this is
frequently associated with systemic hypotension,
migraine, vasospastic phenomena, and the
probable influence of nocturnal hypotension-
factors described as significant contributors to the
progression of normal-tension glaucoma|[6], [7].

The problem is further compounded by the fact
that lowering IOP remains the only proven method
for slowing disease progression; however, the
required “target” pressure in normal-tension
glaucoma is generally lower than in primary open-
angle glaucoma. The Collaborative Normal-
Tension Glaucoma Study Group demonstrated that
IOP lowering reduces the risk of progression,
although deterioration of clinical parameters
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continues in a subset of patients, highlighting the
contribution of IOP-independent factors [3]. The
concept that IOP reduction is effective in slowing
progression is also supported by large-scale
studies of glaucomain general.

A separate area of relevance is the search for
tools enabling risk personalization and monitoring,
particularly in the normotensive disease profile. A
thin cornea and biomechanical characteristics of
the globe may lead to underestimation of the true
IOP and reflect increased vulnerability of optic
nerve tissues. In this context, the introduction of
biomechanical assessment methods (e.g., Corvis
ST and derived risk indices) is considered a
promising adjunct to standard structural and
functional monitoring modalities (OCT and
perimetry), allowing a more substantiated deter-
mination of target IOP and improved prediction of
disease progression [5], [6].

Thus, the relevance of normal-tension glaucoma
is determined by:

1. High prevalence in certain populations.

2. Therisk of delayed diagnosis due to normal
IOP levels.

3. The significant role of vascular and neuro-
degenerative mechanisms.

4. The need for stricter individualized control
and a personalized approach to therapy and moni-
toring [5], [6], [7]-

Study Objective. To evaluate the clinical and
pathogenetic features of low-tension glaucoma
and to identify factors associated with the prog-
ression of glaucomatous optic neuropathy at nor-
mal IOP levels.

Material and Methods. Preparation of the
article included an analysis of scientific publica-
tions from the past 5-10 years addressing normal-
tension glaucoma. In addition, a clinical case of a
patient with low-tension glaucoma from routine
clinical practice is presented.

Clinical Case. A 52-year-old female patient with
moderate myopia first visited an ophthalmologist to

select glasses for wor-king at a
computer. Her medical history
revealed that she had worn
distance correction glasses since
the age of 18 and had perio-
dically updated her prescription at
optical centers. According to
previous examinations, intraocu-
lar pressure had always been
reported as “within normal limits.”

From the anamnesis vitae: sys-
temic arterial hypotension (blood
pressure approximately 110/70
mmHg) and a history of migraine
since adolescence.

At the initial examination, non-
contact tonometry readings were
16.3 mmHg in the right eye and
17.4 mmHg in the left eye. Axial
length measured 25.0 mm in both
eyes. Ophthalmoscopy revealed
signs of glaucomatous optic
neuropathy. For differential diag-
nosis, a comprehensive glauco-
ma evaluation was performed,
including OCT, perimetry, and bio-
mechanically compensated 0P
measurement using Corvis ST.

Optical coherence tomography
of the optic nerve head and macu-
lar region in both eyes revealed
reliable signs of glaucomatous
optic neuropathy, including thin-
ning of the ganglion cell complex
(GCL+) (Figure 1), predominantly
in the parafoveal and superofo-
veal regions, correlating with reti-
nal nerve fiber layer (RNFL) thick-
ness. Sectoral macular maps
demonstrated multiple pathologi-
cal areas corresponding to func-
tional visual field defects.
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Flgure 1. Ganglion Cell Complex (GCL+) Parameters

OCT assessment of the optic nerve head (Figure 2) revealed pronounced RNFL
thinning, asymmetric between the eyes, with predominant involvement of the superior
and inferior quadrants (a classic glaucomatous feature). Optic disc cupping was
enlarged with thinning of the neuroretinal rim, particularly in the vertical meridian, and
violation of the ISNT rule.
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Figure 2. Optical Coherence Tomography of the Optic Nerve Head

Perimetry data (Figure 3) showed that the visual field was generally preserved;
however, there were enlarged areas of reduced sensitivity and confluent scotomas with
a tendency toward arcuate patterns. Global indices (PD, AD, GHT) indicated diffuse
changes, more pronounced in the right eye. Overall, according to the perimetry data, the
quality of visual field was reduced, with asymmetric alterations that were greater in the
righteye.
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Figure 3. Perimetry Parameters

When evaluating tonometry and corneal biomechanical properties using Corvis ST,
with emphasis on glaucoma probability for each eye (Figure 4), both eyes were found to
have thin corneas (475 ym in the right eye and 466 um in the left eye). The

Biomechanical Glaucoma Factor (BGF) values in both eyes were within the
glaucomatous range.
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Figure 4. Biomechanical Glaucoma Factor According to Corvis ST

Based on the examination results, the patient was diagnosed with normal-tension
glaucoma for the first time. Despite tonometry values being within the statistically normal
range, topical hypotensive therapy with preservative-free prostaglandin analogues was

initiated. Follow-up evaluation after 4 months demonstrated stable optic nerve head
status on OCT, with no evidence of further deterioration (Figure 5).

e

z \ i { -
. 06 5
vk B 0 "
3 « —
. O 04t S
4 ot ar il
; 21 ! 3 v
T 1 § o Horirmind
Dot .5 1
OOR
4 H ] ]

Faiameters 2 determined e imlersnce sans gt ot (OENRIA AR 1 ) mamis i S e B
5 anutas

Figure 5. Optic Nerve Head OCT Findings in Follow-up
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During treatment, evaluation of perimetric data (Figure 6) demonstrated functional
improvement in the right eye, primarily due to a reduction of the diffuse component:
overall sensitivity increased, the depth of paracentral defects decreased, the number of
markedly negative points declined, and the defect pattern became more localized. The
left eye showed stabilization without deterioration: no new scotomas developed,
existing defects did not enlarge, and defect depth partially decreased, although
complete regression was not observed.

Figure 6. Perimetry Dynamics During Treatment

During treatment, assessment of biomechanical parameters based on Corvis ST data
(Figure 7) showed that IOP in both eyes remained within the low-normal range. No
deterioration of biomechanical parameters was observed; corneal deformation curves
remained stable, and BGF values showed no tendency toward further shift into the
pathological range. This indicates that the achieved IOP level is adequate, considering
corneal thickness and biomechanical properties.
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Figure 7. Corneal Biomechanical Parameters According to Corvis ST
in Dynamics During Treatment

Discussion. In this clinical case, the effectiveness of antiglaucoma therapy was
assessed based on a comprehensive analysis of structural (OCT), functional
(automated perimetry), and biomechanical parameters obtained using Corvis ST, which
is consistent with current approaches to glaucoma monitoring.

Optical Coherence Tomography Findings. OCT revealed characteristic signs of
glaucomatous optic neuropathy, including thinning of the retinal nerve fiber layer
(RNFL), the ganglion cell complex, and enlargement of optic disc cupping with violation
of the ISNT rule. During follow-up under treatment, no negative structural dynamics
were detected: RNFL and GCL thickness remained stable, areas of thinning did not
expand, and optic disc cupping parameters did not increase. The absence of structural
progression is a key criterion of treatment effectiveness, since restoration of lost nerve
fibersin glaucomais not possible.

KasakctaH odpransmonoruansik xxypHanesl Ne 1 (23) 2026




According to static threshold automated perimetry performed during treatment,
functional stabilization and partial improvement of visual field parameters were
observed compared with baseline. A reduction in the severity of diffuse depression of
light sensitivity was noted, with no deepening or enlargement of previously identified
glaucomatous scotomas and no emergence of new defects. These findings indicate
stabilization of the functional status of the optic nerve.

It should be noted that in glaucoma, improvement of perimetric parameters may occur
as a result of intraocular pressure reduction, decreased ischemia, and improved
metabolic function of retinal ganglion cells, which does not contradict the absence of
regression of structural changes on OCT.

According to tonometry and corneal biomechanical assessment using Corvis ST, the
true 10P during treatment was within the low or low-normal range. Reduced central
corneal thickness was identified, which may lead to underestimation of the true IOP level
with standard tonometry and necessitates an individualized approach to target pressure
determination. BGF values in both eyes were shifted toward the glaucomatous (NTG)
population range, indicating increased susceptibility of the optic nerve to the effects of
intraocular pressure even at relatively low values. During follow-up, no deterioration of
biomechanical parameters was observed, and BGF values remained stable, confirming
the adequacy of the achieved IOP level with consideration of the eye's individual
biomechanical characteristics.

Comprehensive Assessment of Treatment Effectiveness

In summary, the combined analysis of OCT, perimetry, and Corvis ST data indicates
that structural and functional stabilization of the glaucomatous process has been
achieved during treatment. The absence of progression on OCT, functional stabilization
of the visual field, and IOP control with consideration of biomechanical risk factors allow
the current therapy to be regarded as effective at this stage of the disease.

Conclusion. Comprehensive assessment of treatment outcomes using optical
coherence tomography, automated perimetry, and Corvis ST demonstrated the
absence of structural progression of glaucomatous optic neuropathy and stabilization of
functional visual field parameters. Intraocular pressure control was achieved at the
individualized target level, taking into account corneal biomechanical properties. The
findings confirm the effectiveness of the ongoing antiglaucoma therapy and support the
use of a multiparametric approach for monitoring patients with normal-tension
glaucoma.

Key points

1. Low-tension glaucoma represents a clinically significant and pathogenetically
complex form of glaucomatous optic neuropathy.

2. The disease may progress at normal |IOP levels, confirming the multifactorial
nature of its pathogenesis.

3. Comprehensive ophthalmic evaluation using OCT, perimetry, and Corvis ST
enables early detection of normal-tension glaucoma.

4. Initiation of hypotensive therapy, even at normal IOP levels, contributes to
stabilization of the glaucomatous process and slowing of its progression.

5. Management of patients with normal-tension glaucoma requires an
individualized approach and regular follow-up in dynamics.
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WORLD GLAUCOMA WEEK AT THE KAZAKH RESEARCH

INSTITUTE OF EYE DISEASES (ASTANA):

SCREENING RESULTS FOR 2023-2025

A.S. Mukazhanova, K.O. Omarova, A.R. Anuvarova, A.A. Tleulesova

Kazakh Research Institute of Eye Diseases, Astana

Introduction. World Glaucoma Week (WGW)is a
global initiative led by the World Glaucoma
Association (WGA), aimed at increasing public
awareness of one of the most severe ophthalmic
diseases. [1] Within the framework of World
Glaucoma Week from 2023 to 2025, the Astana
branch of the Kazakh Research Institute of Eye
Diseases conducted standardized screening
examinations for volunteers, including visitors,
accompanying persons, and institute staff. These
activities were complemented by patient lectures
and the distribution of educational materials.

The primary objective of the screening during
"World Glaucoma Week" was the active identifi-
cation of individuals with elevated intraocular
pressure (IOP) to facilitate early glaucoma
diagnosis and preventirreversible vision loss.

Background. WGW is held annually worldwide,
encompassing various public awareness initiatives
aimed at early glaucoma diagnosis and the
prevention of irreversible vision loss. Both in our
country and in global practice, national screening
programs have been implemented for early
glaucoma detection, with mass intraocular pres-
sure (IOP) measurement as their core element.
Although standard tonometry remains the fun-
damental screening method, it is not without limita-
tions. In particular, corneal biomechanical parame-
ters, such as central corneal thickness (CCT),
significantly influence tonometry results. Failure to
account for these individual ocular features leads
to diagnostic errors. This has led to the develop-
ment of various algorithms and correction factors
proposed by different authors to minimize tonomet-
ric inaccuracies. Unfortunately, a single universal
formula for IOP recalculation does not exist today.
The most frequently utilized models are the
Dresden protocol (2006) and the Ehlers algorithm
(1975) The Dresden protocol involves an IOP
correction of approximately 1.0 mmHg for every
25um deviation from the mean corneal thickness.
The Ehlers algorithm applies a correction of 0,7

mmHg for every 10pm deviation.
This formula in-tentionally allows
for moderate overdiagnosis,
which facilitates the identification
of patients with concealed ocular
hypertension associated with thin
corneas[2, 3.]

This is particularly relevant for
large-scale screening programs,
where a rapid assessment of IOP
determines the subsequent clini-
cal management and the patient's
long-term visual prognosis.

Material and Methods. The
screening within the framework of
World Glaucoma Week was con-
ducted annually in March (2023—
2025) at the Astana branch of the
Kazakh Research Institute of Eye
Diseases, with each campaign
lasting 4 to 5 business days. Parti-
cipation was open to all volun-
teers. The examination protocol
included: Intraocular pressure
(IOP) measurement using a non-
contact tonometer FT-1000
(Tomey, Japan); Central corneal
thickness (CCT) determination
using an endothelial microscope
EM-4000 (Tomey, Japan).

To ensure high sensitivity and
minimize the risk of missing
pathology during mass screening,
two correction methods were
compared: the standard method
(Dresden protocol), involving a
1.0 mmHg correction for every
25um deviation from the mean
CCT and a more conservative
approach - the simplified Ehlers
algorithm, which applies a 0,7
mmHg correction for every 10 ym
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deviation.

Since standard tonometers are
calibrated for an average thick-
ness of 540-550um, a mean CCT
value of 545um was adopted for
this study. Both formulas were
integrated into an automated
Excel-based proces-sing tool for
instantaneous |OP recalculation
upon data entry.

Results. Over the three-year

period of the World Glaucoma Week campaigns, a
total of 314 patients were examined, with ages
ranging from 16 to 92 years. The mean age of the
cohort was 52.2+15.0 years, and women
accounted for 70.7% of the participants. The
analyzed groups showed high homogeneity
regarding age and gender distribution across all
three years of the study. A verified diagnosis of
glaucoma was already present in 24 participants
(7.6%). The baseline characteristics of the study
population are summa-rized in Table 1.

Table 1: Baseline characteristics of patients screened between 2023 and 2025

2023
(n=106)

2024
(n=98)

2025
(n=110)

Total
(N=314)

Age (years),
mean * SD, range

54,0+£15,0
(16-86)

51,7£15,2
(17-77)

50,9+14,9
(26-92)

52,2415,0
(16-92)

Age distribution, n (%)

<40 years

22 (21,2%)

23 (23,5%)

27 (24,5%)

77 (22,9%)

40-59 years

40 (38,1%)

39 (39,8%)

51 (55,4%)

130 (41,4%)

60-79 years

42 (39,6%)

36 (36,7%)

31 (33,7%)

109 (34,7%)

80+ years

2 (1,9%)

0 (0%)

1(1,1%)

3 (1,0%)

Gender, n (%):

Female
Male

Medical history, n (%):
Established Glaucoma
Prior Refractive Surgery

73 (68,9%)
33 (31,1%)

66 (67,3%)
32 (32,7%)

83 (75,5%)
27 (24,5%)

222 (70,7%)
92 (29,3%)

10 (9,4%) | 6 (6,1%) 8(7,3%) | 24(7,6%)
5 (4,7%) 4 (4,8%) 5(45%) | 14 (4,5%)

The mean intraocular pressure (IOP) was 17,2+3,6 mmHg. No statistically significant
difference was observed between the IOP of the right and left eyes (p=0,67). The
maximum recorded IOP was 46 mmHg, while the minimum was 10 mmHg. The primary
tonometry results are summarizedin Table 2.

Elevated IOP (above 21 mmHg) was identified in 35 patients, including 13 cases of
bilateral elevation. Of these, 40,0% (14 patients) had a previously established diagnosis
of glaucoma, while 60.0% (21 individuals) had no prior history of the disease. In the
group with established glaucoma, uncompensated IOP levels ranged from 23 to 46
mmHg (Mean M=31; Mode Mo=29). In contrast, for individuals without a prior diagnosis,
elevated IOP ranged from 22 to 32 mmHg (Mean M=25,8; Mode Mo=23).

Table 2 - Distribution of intraocular pressure (IOP) values without pachymetric correction
(N=314)

Mean IOP
(mmHg,
M+SD)

Patients with
IOP >21
mmHg, n (%)

Patients with
IOP >25
mmHg, n (%)

Patients with
IOP >30
mmHg, n (%)

Total
participants

17,2+3,6

35 (11,1%)

15 (4,8%)

6 (1,9%)

Subgroups:

Established
Glaucoma

21,09+7,5

14 (40,0%)

11 (73,3%)

4 (66,7%)

No prior history
of glaucoma

16,9+3,0

21 (60,0%)

4 (26,7%)

2 (33,3%)
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The mean central corneal thickness (CCT) was 525,5+37,9um for the right eye and
516,2+38,2um for the left eye (p=0,87). "Thick" corneas (>600um) were observed in
only 7 patients (2,2%). In contrast, "thin" corneas (<500 pum) were found in 103 patients
(32,8%), and "ultra-thin" corneas (<450 um) were identified in 13 patients (4,1%), 10 of
whom had a history of laser refractive surgery.

To evaluate the impact of corneal thickness on tonometry values, we analyzed the
correlation between CCT and IOP. For this purpose, patients with a previously
established diagnosis of glaucoma and those with unavailable CCT data were excluded.
A total of 279 individuals (558 eyes) were included in the analysis. The correlation
coefficient was r = 0,38 (p < 0,001), indicating a statistically significant, moderate
positive correlation between IOP and CCT within our sample. This finding justifies the
necessity of correcting tonometry results based on pachymetry data.

Consequently, for all participants with pachymetry values below the mean (545 um) in at
least one eye, IOP was recalculated to account for corneal thickness. In the subgroup of
patients with a CCT below 545 um in at least one eye (n=228), the mean CCT was
508,4+30,2 ym, and the mean uncorrected IOP was 16,6+2,8 mmHg. The results of the
IOP correction, based on CCT values, are presented in Table 3.

Table 3 - Analysis of uncorrected and corrected IOP values in the "thin" cornea group
(CCT <545 um) (n=228)

Mean IOP IOP >21 mmHg, IOP >25 IOP >30
(mmHg, M£SD) n (%) mmHg, n (%) | mmHg, n (%)

16,6+2,8 16 (7,0%) 2 (0,9%) 1(0,4%)

Before
correction
Dresden
Protocol
Ehlers
Algorithm

18,3+2,6 40 (17,5%) 7 (3,1%) 1(0,4%)

19,2428 68 (29,8%) 13 (5,7%) 1(0,4%)

As demonstrated in Table 3, the different correction approaches resulted in IOP level
deviations of 10.2% (for the 1 mmHg /25 pm correction) and 15,7% (for the 0,7 mmHg /
10 pm correction) relative to standard, uncorrected tonometric values. Consequently,
the number of patients categorized as the "at-risk group" increased by 2,5 and 4 times,
respectively.

When extrapolated to the total screening population (N=314), the application of
correction algorithms significantly increased the identified risk group from the baseline
6,7% (n=21, newly detected cases with uncorrected IOP >21 mmHg) to 12,7% (n=40)
using the Dresden protocol and 21,7% (n=68) using the Ehlers algorithm.

For comparative purposes, the mean IOP and CCT were also calculated for the
group with normal and "thick" corneas, yielding 18,0+2.9 mmHg and 570,9+17,3um,
respectively.

Based on the screening results, all participants with direct or corrected IOP values
exceeding 21 mmHg, as well as those with significant interocular asymmetry, were
referred for ophthalmological consultation and supplemental diagnostic testing.
Patients with an established diagnosis of glaucoma or a positive family history were
invited to attend educational lectures and scheduled follow-up examinations.

Discussion. Despite the insights gained from this screening, a primary limitation
was the inability to track the subsequent clinical pathway and definitive diagnosis of
these patients. Consequently, it was not possible to assess the actual rate of verified
glaucoma cases, nor the long-term clinical accuracy and predictive value of the applied
correction algorithms in this specific cohort.

Conclusions. In the total screening population (N=314), the prevalence of elevated
IOP (>21 mmHg) was 11,1% (n=35) based on uncorrected data. However, after
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adjusting for CCT, the proportion of individuals in the 'at-risk group' significantly
increased to 21,7% (n=68). The impact of correction was most pronounced in the
subgroup with "thin" corneas (CCT <545 um, n=228). In this group, the use of the
Dresden protocol increased the detection of elevated IOP from 7.0% to 17,5% (a 2,5-fold
increase), while the Ehlers algorithm increased it to 29,8% (a 4-fold increase). For mass
screenings, a more conservative approach is recommended to minimize the risk of
missing glaucoma cases
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SUMMARY

World Glaucoma Week at the Kazakh Research Institute of Eye Diseases (Astana):
Screening Results for 2023-2025
A.S. Mukazhanova, K.O. Omarova, A.R. Anuvarova, A.A. Tleulesova
Kazakh Research Institute of Eye Diseases, Astana

As part of World Glaucoma Week, 314 patients were screened. Initial testing using
standard tonometry identified elevated intraocular pressure (IOP) in 6,7% (21
individuals) of the participants. The application of corneal thickness correction protocols
expanded the at-risk group coverage by 2-fold with moderate correction and by 4-fold
when using the more stringent model. In mass screening settings, the use of an
aggressive recalculation model may be justified to maximize the identification of
individuals at potential risk of developing glaucoma.

Keywords: glaucoma screening, intraocular pressure, central corneal thickness.

T¥XbIPbIM

Kasak ke3 aypynapbl fbifibIMU-3epTTeY MHCTUTYTbIHAAFbI (AcTaHa) [yHuexysinik
rnaykoma antanbifbl: 2023—2025 %OK. CKPUHWUHT HaTUXErepi
A.C. MykaxaHoBa, K.O. Omaposa, A.P. AHyBapoBa, A.A. Tneynecosa
Kasak ke3 aypynapsbl fbifibIMU-3epTTEY MHCTUTYTbI, ACTaHa

[yHuexy3inik rmaykomameH Kypecy antanbifbl ascbiHga 314 naumeHT Tekcepingi.
CTtaHpapTTbl TOHOMETPUAHbLI KONAaHy apKbifbl XYPri3inreH anfawkbl Tekcepy
KaTbicywbinapabiH, 6,7%-biHaa (21 agam) kesiwinik KbicbiIMHbIH, (KIK) >kofapbinaybiH
aHblkTagbl. KacaH KabbIKTbIH KanblHAbIFLIH €CKEPETIH TY3eTy XaTTamanapbiH KongaHy
Kayin TOObIH KamMTydbl KanbiNTbl Ty3eTy KesiHOe 2 ecere, an KaTaHblpak mMoaenbAi
KongaHraHga 4 ecere KeHeuWTTi. 2Kannan CKPpUHWHL XaffanblHAa rinaykoMaHblH, amy
kayni 6ap agamgapgbl 6apbiHIWA aHbIKTay YLWiH arpeccuBTi kanTa ecentey MoaeniH
KonaaHy Herizai 6onybl MyMKiH.

TyriH cesgep: rnaykoMa CKPUHUHI, Ke3ilWifiK KbICbIM, KacaH KabblKTblH, opTanblk
KanblHAbIFbI,
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PE3IOME

BcemupHas Hegens rmaykombl B Kazakh Research Institute of Eye Diseases
(ActaHa): PesynstaThl ckpyHuHra 3a 2023-2025 rr.
A.C. MykaxaHoBa, K.O. OmapoBa, A.P. AHyBapoBa, A.A. Tneynecosa
Kazaxckuin Hay4yHo-uccnegoBaTenbCKM UHCTUTYT rnasHblx 6onesHen, ActaHa

B pamkax BcemupHon Hepenu rnaykombl 6bino obcnegosaHo 314 naumeHTOB.
MepBuyHOe obcregoBaHWe C NOMOLbLIO CTaHAAPTHOW TOHOMETPUU BbIABUIO
noeblweHne Bl y 6,7% (21 nauueHT) yyacTHUKOB. [lpMeHeHne npOoTOKOMNoB
KOPPEKLMM C yHETOM TOMLLMHbBI POroBMLIbI PACLLUMPUITIO OXBAT FPynMnbl pucka B 2 pasa npu
YMEPEHHOW KOoppekuun n B 4 pasa - Npy MCnonb3oBaHuMM Gornee cTporon mopenu.
Mcnonb3oBaHue arpeccuBHOM MoAenu nepepacyera MoxeT OblTb onpaBgaHoO B
YCNOBUSAX MaCCOBOr0 CKPUHWHra ANA MakCMMalbHOro BbISABMIEHUS Nul C

noTeHumnanbHbIM PUCKOM Pa3BUTUA ITTayKOMbI

KnoyeBble crnosa: CKPUHUHI TMayKoMbl, BHYTPUINa3Hoe AaBlieHne, LUeHTpalribHadA

TOJILLWMHa poroBuubl.

YOK: 617.7

ANALYSIS OF MICROPULSE TRANSSCLERAL
CYCLOPHOTOCOAGULATION USING THE IRIDEX CYCLO G6
SYSTEM FOR DECOMPENSATED AND PAINFUL GLAUCOMA:
EXPERIENCE OF THE KAZAKH RESEARCH INSTITUTE

OF EYE DISEASES, ASTANA

Kazakh Research Institute of Eye Diseases
Zh.K. Otarova, Zh.N. Rakhmetov, R.O. Kazina

Micropulse transscleral cyclophotocoagulation
(MP-TSCPC) represents a modern, minimally
invasive approach to glaucoma management. In
this retrospective study, MP-TSCPC demonstrated
asustained reductionin intraocular pressure (IOP),
averaging 31.4% from the baseline. The longevity
of the hypotensive effect, coupled with the absence
of severe postoperative complications, suggests
that MP-TSCPC is a viable and safe alternative to
conventional incisional surgery. This procedure is
particularly recommended for patients with
advanced and far-advanced stages of uncontrolled
glaucoma of various etiologies.

Relevance. Glaucoma remains one of the
leading causes of irreversible blindness and low
vision worldwide. By 2040, the number of patients
with glaucoma is projected to reach 111.8 million
[1]. The primary goal of glaucoma treatment

remains reduction of intraocular
pressure (IOP), which is the only
modifiable risk factor for disease
progression [2].

Despite a wide range of topical
hypotensive medications, phar-
macological treatment of refrac-
tory, painful, advanced, and termi-
nal stages of the disease is often
ineffective. Traditional fistulizing
surgeries, such as trabeculec-
tomy and drainage system imp-
lantation, are associated with a
high risk of intra- and postopera-
tive complications, a tendency to
scarring, and the need for long-
term postoperative care [3]. In this
context, cyclodestructive inter-
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ventions aimed at suppressing
the production of intraocular fluid
by the ciliary body are of particular
importance. Classical transscle-
ral cyclophotocoagulation (MP-
TSCPC) utilizes continuous laser
energy, which is absorbed by
melanin in the ciliary processes of
the ciliary body, causing coagula-
tive necrosis and ischemia in the
affected area. However, the
energy output in (MP-TSCPC) is
difficult to control, and the proce-
dure itself is often associated with
complications such as severe
intraoperative pain, postoperative
cyclitis, chronic hypotony, and
subatrophy of the eyeball. Thus,
cyclodestruction in (MP-TSCPC)
is irreversible and is considered a
last resort for terminal, painful
forms of refractory glaucoma [4].
Micropulse transscleral cyclo-
photocoagulation (MP-TSCPC) is
a modern glaucoma treatment
technique that utilizes an 810 nm
diode laser in the ciliary body
projection zone. Laser radiation is
delivered using the Cyclo G6
laser system (Iridex Corporation,
Mountain View, California, USA).
The technique is based on repea-
ted micropulses of active laser
energy (on cycles) alternating
with rest periods (off cycles). The
on cycle helps achieve the coa-
gulation threshold of the pigmen-
ted ciliated epithelium, while the
off-cycle limits heat accumulation
and allows heat dissipation to
adjacent cells, resulting in less
damage to the non-pigmented
epithelium and ciliated stroma.
This limited temperature increase
leads to a decrease in aqueous
humor production without any
macroscopic tissue changes.
Thus, unlike classical TSCPC,
MP-TSCPC minimizes thermal
damage to surrounding tissues
while maintaining therapeutic
efficacy, expanding the indica-
tions for the procedure.

The aim of this study was to
analyze the clinical efficacy of

TSCPC in patients with decompensated and
painful forms of glaucoma of various origins.

Material and Methods: Aretrospective analysis
was conducted on 65 eyes of 62 patients with
stages Il - IV refractory glaucoma; since three
patients received bilateral treatment, all statistical
outcomes were calculated based on the total
number of eyes (n=65). All patients underwent MP-
TSCPC at the clinic of the Kazakh Research
Institute of Eye Diseases in Astana between
September 2024 and December 2024. The follow-
up period was 12 months.

The gender distribution of the study group was
almost even: 30 men (48.4%) and 32 women
(51.6%). The average age of patients was
59.5+10.4 years (range: 23 - 75 years).

Indications for MP-TSCPC were: advanced and
advanced primary open-angle glaucoma (POAG)
with uncompensated IOP despite maximum medi-
cation, including after previous laser and fistulizing
interventions; terminal POAG with decompensated
IOP and pain; prolonged attack of primary angle-
closure glaucoma; secondary glaucoma (neovas-
cular, uveal, silicone-induced) without |IOP com-
pensation despite maximum hypotensive therapy,
including after previous laser and surgical inter-
ventions and the presence of pain.

Exclusion criteria for MP-TSCPC were: patho-
logical changes in the sclera in the treatment area;
acute inflammatory diseases of the anterior
segment of the eye; phacomorphic glaucoma
(signs of swelling cataract). Dystrophic changes
and severe corneal opacities; choroidal
neovascularization (exudative form of age-related
macular degeneration); severe concomitant soma-
tic pathology in the decompensation stage.

Efficacy was assessed based on the dynamics
of IOP reduction, pain relief, and the duration of the
achieved hypotensive effect.

Baseline: the mean preoperative IOP
measured by Maklakov applanation tonometry (10
g load) was 38,0+£5,5 mmHg. All patients received
topical antihypertensive therapy, with the average
number of medications used being 2,9+0,8.

The MP-TSCPC procedure included epibulbar
anesthetic instillations combined with sub-Tenon's
anesthesia. The procedure duration ranged from
10 to 15 minutes. Laser parameters: repetitive
short-pulse diode laser radiation with a power of
2000-2500 mW and a duty cycle of 31.33% (active
period 0.5 ms, pauses 1.1 ms). The laser was
applied transclerally: the probe was held parallel to
the visual axis with constant pressure and moved
with a continuous sliding motion (sweeping techni-
que) along the limbus. The 3 and 9 o'clock positions
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(projection of the long ciliary arteries), areas of
scleral thinning, and areas of previous glaucoma
surgery were excluded during the procedure.
Postoperatively, standard anti-inflammatory thera-
py (topical glucocorticosteroids or NSAIDs) was
prescribed in a tapering regimen. Antihypertensive
therapy was maintained at the initial dose, with
subsequent adjustments to the frequency of
administration or complete discontinuation of the
medications depending on the intraocular pressure
level.

Statistical Analysis. Statistical data processing
was performed using Microsoft Excel 2019 with the
“Data Analysis” ToolPak. To assess the significan-
ce of changes in IOP before and after treatment,
the paired t-test was applied. Data are presented
as Mean £ SD with 95% confidence intervals (ClI).
The level of statistical significance was set at p <
0.05.

Results. A total of 47 patients (75,8%; 95% CI:
65,1-86,5%) reported no pain and a comfortable
procedure during MP-TSCPC.

Early postoperative reactions and complica-
tions. On the first postoperative day, conjunctival
hyperemia was observed in 45 eyes (69,2%; 95%
Cl: 58,0 - 80,4%), which persisted for up to 7 days
and was accompanied by foreign body sensation.
Additionally, 7 eyes (10,8%; 95% CI: 3,3-18.3%)
experienced a reactive increase in IOP by an

Table 1 - Intraocular Pressure Changes (N=65)

average of 5,0 £ 7,4 mmHg (95%
Cl: 3,12-6,88), which resolved
within a few days. Reactive
iridocyclitis was noted in 2 eyes
(3,1%; 95% CI: 0-7,3%) and was
managed by intensifying local
anti-inflammatory and myd-riatic
therapy for 5 -7 days. Hyphema
was detected in 2 eyes (3,1%;
95% ClI: 0-7,3%), resolving
spontaneously within 48 hours.
Moderate corneal epithelial
edema was observed in 15 eyes
(23,1%; 95% CI: 12,9-33,3%) and
resolved within the first few days
with keratoprotectors and preser-
vativefree lubricants. No laser-
related complications were identi-
fied in the late postoperative peri-
od (over one month).

Patients were monitored at 7, 14,
and 28 days, as well as 3, 6, 9,
and 12 months after the MP-
TSCPC procedure. The main
evaluation criteria were intra-
ocular pressure (IOP) and pain
severity.

The tonometry changes are pre-
sentedin Table 1.

3 6 12

Indicator

Initially

7 day

30 day

months

months

months

IOP level ,
mm.Hg'

38,2 +
3,9

251 %
4.1

23,9+
4,4

244 +
2,8

253 %
4,3

26,2
3,2

95% CI

(37,23 —
39,17)

(24,06—
26,14)

(22,78—
25,02)

(23,69 —
25,11)

(24,21 —
26,39)

(25,39 —
27,01)

Reduction
from
baseline

(v34,3%
)

(v37,4%
)

(v36,1%)

(v33,8%)

(v31,4%)

Target IOP
achieved?

0 (0%)

56
(86,2%)

58
(89,2%)

59
(90,8%)

56
(86,2%)

51
(78,5%)

Compensat
ed IOP®

0 (0%)

40
(61,5%)

49
(75,4%)

46
(70,8%)

37
(56,9%)

35
(53,8%)

Painful
form
(eyes)4

18
(27,7%)

4
(vV77,8%
)

2
(v88,9%
)

Tp-value < 0,001 (significance of differences compared to baseline);
2 In this work, the target IOP is defined as an IOP indicator that is 20% or more

lower than the initial level;

3 In this work, compensated IOP is defined as an IOP of no more than 26 mm Hg_;
4 If pain persisted for more than 30 days after MP -TSCPC, patients were referred
for a repeat MP-TSCPC procedure or surgical treatment.

Odranbmonoruyeckui xxypHan KasaxcrtaHa Ne 1 (23) 2026




As can be seen from the table, a
statistically significant decrease
in IOP was observed even in the
early postoperative period (Table
1). Average IOP values remained
in the range of 23.9 - 26.2 mmHg
throughout the year. The peak
decrease in ophthalmotonus was
recorded at the end of the first
month of observation and amoun-
ted to 37,4% (95% CI: 35,6 -
39,2%). In subsequent months, a
slight increase in average IOP
was observed, which may be as-
sociated with both the immediate
regression of the hypotensive
effect and a reduction in the use of
topical hypotensive medications
in some patients. By the first year
of observation, IOP levels were,
on average, 31,4% (95% CI: 29,6
- 33,2%) lower than baseline,
suggesting that the MP-TSCPC
procedure achieved a long-term,
clinically significant hypotensive
effect. Target IOP (a reduction of
20% or more from baseline) was
achieved in 86,2% (56 eyes; 95%
Cl: 77,8 — 94,6%) on day 7 and
peaked at 90,8% (59 eyes; 95%
Cl: 83,8 - 97,8%) by month 3 of
follow-up. By the end of the first
year after MP-TSCPC, target IOP
was maintained in 78,5% (51
eyes; 95% CI: 68,5 — 88,5%).
Complete IOP compensation
(defined as < 26 mmHg) was
observed in 53,8% (35 eyes; 95%
Cl:41,7-65,9%) by the end of the
follow-up period. Among patients
who complained of severe pain at
baseline, pain relief was achieved
in 88,9% (16 patients; 95% CI:
74,3 - 100%), with 77,8% (14
patients; 95% ClI: 58,6 —97,0%) of
cases achieving relief by day 7.
Despite a clinically significant
hypotensive effect by the end of
the 12-month period, 21,5% (14
eyes; 95% CI: 11,5 - 31,5%)
failed to achieve the planned
outcome, with 50% of these failu-

res occurring within the first month. The remaining
7 eyes demonstrated satisfactory IOP reduction
dynamics in the early postoperative period but
experienced regression of the hypotensive effectin
subsequent months. Due to the lack of IOP
compensation and refractory glaucoma, these
patients were recommended filtration surgery or a
repeat MP-TSCPC procedure.

Discussion

An analysis of MP-TSCPC in 65 eyes demonstra-
ted high efficacy, with a 31,4% reduction (95% CI:
29,6 - 33.2%) in mean |OP (from 38,2 £ 3,9 mmHg
to 26,2 + 3,2 mmHg) from baseline to month 12 of
follow-up. These results are comparable to those of
other studies, where I0OP reductions reach 36%
from baseline [5]. Furthermore, relatively high
efficacy was observed among patients with high
baseline IOP compared to those with moderately
high IOP. A stable hypotensive effect was
maintained for one year in 78,5% of eyes (95% CI:
68,5 — 88,5%). A slight increase in mean IOP was
noted one year after MP-TSCPC (from 23,9 to 26,2
mmHg), requiring intensified antihypertensive
therapy or repeat MP-TSCPC sessions in some
cases.

In international publications, the "success rate" is
used as a key indicator of effectiveness, defined as
IOP within 5 - 21 mmHg, as well as an IOP dec-
rease of at least 20% [6] or 30% [7] compared to
baseline at 12 months. This indicator varies widely
in different studies, from 22% to 80% [5-8]. A
comparative analysis of our data shows compa-
rable results: 53,8% (95% CI: 41,7 - 65,9%)
achieved complete compensation of IOP (within 26
mmHg by the Maklakov method), and 78,5% (95%
Cl: 68,5 — 88,5%) achieved a decrease in IOP by
20% from the baseline level. In addition to the
hypotensive effect, pain relief was achieved in
88,9% of patients (95% CI: 74,3 - 100%), alongside
a reduction in the average number of medications.
Recent studies from 2023 - 2025 have further
validated the safety profile of MP-TSCPC, empha-
sizing its role not only as a 'last resort' but also as an
earlier intervention in refractory cases [9, 10].
Modern real-world data (RWD) suggest that
optimized duty cycles (around 31,3%) provide the
best balance between IOP reduction and tissue
preservation [11]. Thus, a significant hypotensive
effect, in the absence of severe postoperative
complications, allows us to recommend MP-
TSCPC as a safe alternative to surgical treatment
in patients with advanced stages of unstabilized
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glaucoma of various origins. population of patients with advan-
The present study is designed as a clinical cedglaucoma.

observation; it should be noted that it did not intend

to serve as a controlled clinical trial. The absence of Conclusion

a control group and stratification by glaucoma Micropulse cyclophotocoagu-

subtypes limits the comparative analysis of the lation is an effective treatment for

method's efficacy. Instead, this work focuses on refractory and decompensated

reporting RWD and the practical experience of the glaucoma, providing a sustained

Kazakh Research Institute of Eye Diseases, reductioninIOP by an average of

providing valuable insights into the overall 31,4% from baseline over 12

performance of MP-TSCPC in managing a diverse  months of follow-up.
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SUMMARY

Analysis of Micropulse Transscleral Cyclophotocoagulation (MP-TSCPC) Using the
Iridex Cyclo G6 System for Decompensated and Painful Glaucoma: Experience of
the Kazakh Research Institute of Eye Diseases, Astana
Zh.K. Otarova, Zh.N. Rakhmetov, R.O. Kazina

Micropulse transscleral cyclophotocoagulation (MP-TSCPC) represents a modern,
minimally invasive approach to glaucoma management. In this retrospective study, MP-
TSCPC demonstrated a sustained reduction in intraocular pressure (IOP), averaging
31.4% from the baseline. The longevity of the hypotensive effect, coupled with the
absence of severe postoperative complications, suggests that MP-TSCPC is a viable
and safe alternative to conventional incisional surgery. This procedure is particularly
recommended for patients with advanced and far-advanced stages of uncontrolled
glaucoma of various etiologies.

Key words: glaucoma, intraocular pressure (IOP), micropulse transscleral
cyclophotocoagulation, MP-TSCPC, cyclo G6.

PE3IOME

AHanua npumeHeHus MmkpommnynscHon LIOK Ha annapate Iridex Cyclo G6 B
crny4yasx eKOMMNEeHCMPOBaHHbIX 1 6oneBbix OPM rnaykoMbl B KIUHUKE
K.K. OTtaposa, XX.H. PaxmeTos, P.O. KasnHa
“Kazakh Order of the Badge of Honor Research Institute of Eye Diseases,”
r. ActaHa

MukpoumnynbCcHaa TpaHcknepanbHas uuknodgotokoarynauna (MP-TSCPC)
npegcraenseT cobon COBPEMEHHbIN ManonHBa3NBHbLIV NOAX0A, B IEHEHUN rNayKkoMbl. B
AaHHOM peTpocnekTnsHom nccnegosaHnm MP-TSCPC npogemMoHCTpupoBaria CTONKoe
CHWXeHue BHyTpurnasHoro gasnenus (BrO), B cpegHem, Ha 31,4% OT MCXOQHOro
YPOBHSA. ONUTenbHOCTb TMNOTEH3MBHOIO 3ddekTa B COYETaHUM C OTCYTCTBUEM
TSOKEmNbIX MOCeonepaunoHHbIX OCIMOXHEHUA MNO3BONSET NpeanonoXutb, 4Tto MP-
TSCPC saBnsieTca xmnsHecnocobHom n Ges3onacHoW ansTepHaTMBOW TPaL4ULMOHHON
MHBa3nBHOM xupypruun. [laHHas npoueaypa ocob6eHHO peKkoMeHAyeTCs naumMeHTam C
pa3BUTOM N Janeko 3allewen cCtTagnamMm HEKOMNEHCUPOBAHHOM r1ayKoMbl passinyHOmn
3TUOMOrUMW.

KnoueBble crioBa: rnaykoma, BHyTpurnasHoe gasnenuve (BIL), MykpommnynbcHas
TpaHcckneparnbHas yuknodgotokoarynauus, MP-TSCPC, cyclo G6.
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T¥XbIPbIM

[ekomMneHcaumsanaHfFaH XXaHe ayblpcbiHaTbIH rnaykoMa kesinge Iridex Cyclo G6
XYMecCiH KongaHa oTbIpbin, MUKPOUMMYbCTI TpaHCKNnepanbabl
unknodpotokoarynsumsHel (MP-TSCPC)

XK.K. Otaposa, XX.H. Paxmetos, P.O. KasuHa
Tanpay: ActaHa kanacbiHaarbl Kasak ke3 aypynapbl fbifibIMU-3€PTTEY MHCTUTYTbIHbIH,
Toxipnbeci

MukpoumnynbCTi TpaHcknepanbabl uuknogoTokoarynauymsa (MP-TSCPC)
rmaykomaHbl emgeyaeri 3amaHayu, a3 WUHBa3uBTI agic 6onbin Tabbinagbl. Ocbl
petpocnekTuBTi 3eptreyae MP-TSCPC kesiwinik KbicbiMHbIH (KIK) 6acTankbl
aenrengeH opta ecenneH 31,4%-fa TypakTbl TeMeHOEYiH KepceTTi. [MNOTeH3nBTI
9CepAiH Y3aKTbIfbl XXoHE onepauusgaH KewriHri ayblp ackplHynapablH 6onmaybsl MP-
TSCPC agiciH gacTypni MHBa3WBTI XMpyprusFa TuiMai api kayincia 6anama petiHae
KapacTblpyfa MYMKiHAOik 6epeni. byn npouegypa epTypni aTUoNOrusans
KOMMNeHcauusanaHbaraH rnaykoMaHblH JaMblfaH XaHe eTe anbiCka KeTKeH caTblniapbl

6ap nauneHTTepre epekle yCblHbinaabl.

TyniH ce3gep: rmaykoma, kesiwinik kbicbim (KIK), MukponmnynbCTi TpaHcknepanbabl

uunknodpotokoarynaums, MP-TSCPC, cyclo G6.

YAOK: 617.7

KNMWHUNYECKAA 3ODPEKTUBHOCTb U MEPEHOCUMOCTb
BECKOHCEPBAHTHON ®UKCUPOBAHHOW KOMBUHALIUA
AOP3O0JIAMUOA U TUMOJIOJIA MAJIEATA (KOCONT BK)

B NEYEHUU NALMUEHTOB C NEPBUYHON

OTKPbITOYrONbHOW FMAYKOMOWN

XK.O. CaHrnnbaena, E.K. NacaHoB

“Kazakh Order of the Badge of Honor Research Institute of Eye Diseases,”

r. AnmaThbl

BBeneHue

B rmo6anbHom macwTtabe pacnpocCTpaHéH-
HOCTb rnaykombl cpeau nuy ctapwe 40 net
pocturaet 3,5%, npuvyém vacTtorta 3aboneBaHus
HEYKNOHHO pacTeT C BO3pacToM. Tak, ecnu B
rpynne 40—49 neT rnaykoma BCTpe4yaeTcs npumep-
Ho ¥ 1% HaceneHus, To B Bo3pacTe 60-70 neT pac-
NPOCTPaHEHHOCTb gocTuraeT okono 3%, a y nuy,
ctapwe 80 net - csblwe 10-14%. o pasHbIM
OLeHKaM YMCho FOAEN C rnaykoMOW YBENUYNTCSA C
76 mnH B 2020 1. go 111,8 mnH - k 2040 . npn 06-

LLIeEM CTapeHUn MUPOBOrO Hace-
nerHunsa [1]. Takum obGpasom,
npobnema rnaykombl npuobpeTa-
eT Bcé Oonbluee MeanKo-couu-
anbHOe 3Ha4YeHne, NOCKONbKy 6e3
CBOEBPEMEHHOIO fe4vyeHus aTa
naronorus npuBoauT K Heobpatu-
MOW crienorTe.
dnngemnonornyeckas cutya-
unsa no rnaykome B Pecnybnuke
KaszaxctaH oTpaxaeT obuwe-
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MUpPOBbIE TeHAeHUun. Maykoma
BXOAWUT B YNCO BEAYLUMX MPUYNH
WHBaANUAHOCTU MO 3pPEHU0 B
cTpaHe. B nocnegHue roasbl
OTMeYyaeTcss CcTabunbHbIN POCT
3aboneBaemocTu: no oduun-
anbHbIM AaHHbLIM MNoKasaTenb
NepBUYHON BbIABNAEMOCTU (UH-
UMOEHTHOCTUN) rnaykoMbl MOBbI-
cuncsa ¢ 59,1 cnyyasa Ha 100 TbIC.
HaceneHus B 2000 r. go 135,5 Ha
100 TbIC. B 2022 1. llpOrHos
yKasblBaeT Ha JanbHeuLw i pocT:
oxmpaetrca go 150 cnyyaeB Ha
100 TbIC. HaceneHus B cepeauHe
2020-x rogoB [2]. YpoBeHb
3aboneBaeMOCTU HECKONbKO
BbiLLE B ropogax no CpaBHEHUIO C
CENnbCKONW MECTHOCTbI, 4YTO OT-
YacTu CBS3aHO C Nyullen BbIB-
NAEMOCTbI MNPU CKPUHMHIax U
OOCTYNHOCTbIO OpTanbmonoru-
yeckonm nomown B ypBGaHu3u-
POBaHHbIX pernoHax. YBenuu-
€Hne NPOAOCIHKNTENBHOCTM XXMU3HU
HacerneHunsa KasaxctaHa npegno-
naraet ganbHenwee NoBbieHne
Harpy3ku rrnaykomMmbl Ha CUCTEMY
3[paBOOXpaHeHUns, genasa 3aga-
4y paHHero BbIsiBIIEeHUs N adpdpek-
TMBHOTO fle4eHNa OCOBEHHO aKTy-
anbHOMN.

Heobxogumo oTMEeTUTb, 4YTO C
MOMEHTa BHeLPEHMS HaALMO-
HanbHOW CKPWHUHIOBOW Npor-
paMmmbl No rnaykome B Kasaxc-
TaHe OOCTUrHYTbl 3HaYUTENbHbIE
ycnexum B paHHEM BbISABIIEHUM
3aboneBaHuda. 3a nocnegHue
rogbl OxBaT HaceneHus npogwu-
NakTU4YeCKMMM ocMoTpaMm
CyLLEeCTBEHHO BbIPOC, 4YTO NpU-
BENo K yBENUYeHMo 4ONn BbisiB-
NEHHbIX Cry4YaeB Ha paHHUX
CTagusix, Korga BO3MOXHO ad-
deKkTUBHOE MeOMKaMEeHTO3HOoe
neyeHne N CoxpaHeHue 3peHUs.
OcobeHHO 3amMeTeH pocCT BbisiB-
NA9eMOCTU B ropogax, rae CKpu-
HWUHI NpoBOAMUTCA cuUcTeMma-
TUYECKN B pamKax rocygapct-
BEHHOW NpPOrpamMmbl, YTO NO3BO-

MO NOBLICUTbL NOKa3aTernb paHHen NarHOCTUKN
N CHM3UTb OOSI0 NaLMEHTOB, BnepBble obpaluato-
LWMXCH YXe C BbIPaXXeHHbIMU NPOSABAEHUSAMU
rnaykomsil [2].

OcHOBHOWM cTpaTermen nedyeHus rnaykombl
ABNAETCH CHWXKEHWe BHYTPUIMasHOro OaBfeHus
(Br'Q) oo ueneBoro ypoBHs, no3pondwuee
3amMegnuTb UNW NpeaoTBpaTuTb NPorpeccupo-
BaHWe rNaykOMHOM ONTUYecKon Henponatuu. B
KITMHUYECKOW NpakTuKe 3TO AO0CTUraeTcs npeu-
MYLLECTBEHHO C MOMOLLbIO TUMOTEH3UBHbLIX Ka-
nenb, KOTOpble 4acTo NPUXOAUTCHA MNPUMEHSATb
NOXM3HEHHO. Hepeako Ans JOCTUXEHUS LLleneBoro
ypoBHA faBneHusa TpebyeTrca kombuHauusg
HecKOmnbKUX npenapatoB pasHblx rpynn [3]. Mpwu
pasgenbHOM MCMonb3oBaHUM ABYX U Gonee
CPeACTB NauMeHTbl CTanKMBakTCS C YCITOXHEHHOW
CXeMOWN 3akanbiBaHMMW (MHOroKpaTHble WHCTWI-
naumm pasHbiMU rnakoHaMn B TeYEHWe CYTOK),
YTO CHUXaeT NPUBEPXKEHHOCTb JIeYEeHU U
NoBbILLIAET PUCK OLLMBOK Npu 3aKkanbiBaHun. Kpome
TOro, CyMMUPYETCS BIIUSIHNE HECKOSTbKUX KOHCep-
BaHTOB (Yawle Bcero - 6eH3ankoHmsa xnopuga) Ha
NOBEPXHOCTb [fasa, YTO MOXET BbI3blBaTb CYy-
XOCTb, pasgpaxeHue, annepruyeckme peakumm u
nospexgeHve poroBuubl Npu ANUTENbHOM WUC-
Nonb30BaHWUMY Kanenb.

®uKcMpoBaHHble KOMBUHALMN TMNOTEH3UBHbIX
CpencCTB NpefHa3HayveHb! Ang onTuMmnusauumn Tepa-
nun rnaykombl. OHM NpeacTaBnsoT cobon eanHble
npenaparbl, coveTaloLmne aBa AeNCTBYHOLLMX KOM-
NoHeHTa B 0AHOM cbriakoHe. [Mpumepom aBnaeTcs
dukcmpoBaHHasi kombuHauna gopsonamuaa 2% u
Tumonona 0,5%, pekomeHgoBaHHas K NpuMeHe-
HUIO NpWU HegocTaTOYHOU 3PPEKTUBHOCTHU
MOHOTEpanum 3TUMKW KOMMoHeHTamu. Mcnonb-
30BaHMe PMKCMPOBAHHbBIX KOMOUHALNN UMeET psaa
AOKa3aHHbIX NpeumMyulecTB Mo CPaBHEHUIO C
pasgesibHbIM Ha3HaYeHWeM HEeCKOSbKUX npena-
paTtoB. Bo-nepBbix, 3a CYET yMeHbLUEHUs 4ucna
WHCTUNNAUMIA YNPOLLAEeTCa CXema feYeHns, 4to
AOCTOBEPHO yrnyyllaeT NpUBEPXXEHHOCTb naLmeH-
TOB K Tepanuu. Bo-BTOpbIX, KOMOBUHUPOBAHHbIE
Kannn obecneymBatoT Takon XXe YPOBEHb CHUXE-
Hus BI'[1, kak n pasgenbHoe NpUMEHEHNE KaXkaoro
N3 KOMMNOHEHTOB, NMPU4YEM B HEKOTOPbLIX MUCCreao-
BaHnAX adpdpekt koHTpona Bl paxe npesoc-
XOAWN TakoBOW MpWU NOOYEPELHOM 3aKarnbiBaHUN
bnarogapsi ycTpaHeHutio peHoMeHa «BblMblBa-
HUSA» BTOPOro npenapara u3-3a nocnegosarenb-
HbIX WHCTUNNAUMA. B-TpeTbux, ymeHbllaeTcs
CyMMapHasi Harpy3ka KOHCEpPBaHTOB Ha [fa3Hyto
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NMOBEPXHOCTb, YTO BEAET K CHUXKEHNIO TOKCUYHOIo
BO3JENCTBUA Ha POroBuLY WU KOHBIOHKTUBY.
KnuHnyeckne umccnenoBaHUs MOKasbiBaKOT, YTO
nepexon C pasgenbHoOW Tepanun Ha UKCUPO-
BaHHY0 KOMOBWHauUuWIO Aop30naMua/TUMONoNn He
yxygwaeT KoHTposnib BIL v MoOxeT conpoBoOX-
AaTbCA YMEHbLUEHNEM YacTOTbl MECTHbIX No6oy-
HbIX 3adpdekToB. B ogHOM paHOOMU3NMPOBAHHOM
nccnenoBaHmm 4-mecavHoro nedenua MNOYr
pas3genbHO M PUKCMPOBAHHOW KOMOMHaumen
aopsonamug+tumonon 6bino OTMEYeHO OavHa-
KOBOE CHMXeHMe odpTanbMoToHyca (okono 24% ot
MCXOLHOr0), 0O4HAaKO CUMMTOMbI pasapaXkeHus rnas
BO3HUKANM pexe npu npuMeHeHUn UKCMpoBaH-
HOW KOMOVHauuu: Bonu B rnasax He oTMevyanocb
BOBCEe B rpynne KOMOGMHUPOBAHHOW Tepanuu
npoTtuB 4% criy4yaes nNpu pasgenbHOM 3akanbiBa-
HUM, @ NOBEPXHOCTHOE MNOpaXeHue pPoroBuLbl
Habnoganoch nuwb y 1% npotue 7% nauneHToB
COOoTBETCTBEHHO (p<0,05). 3TN f4aHHbIE NOATBEPX-
AatoT, YTO PUKCUpoBaHHasA OBONHAA Tepanus He
ycTynaer pasgenbHor no addeKTUBHOCTU, Npwu
3TOM fyuLLe NePEHOCUTCA NaUMeHTaMMm.
[ononHMTENbHBIM LLArom K noBbIWeHno 6e30-
MacHOCTW Tepanuwu rnaykombl CTano co3gaHue
npenapaToB 6e3 KoHCepBaHTOB. Hanuuve B rnas-
HbIX Kanmnsix KOHCEpBaHTOB (rnaBHbIM Ob6pasom,
BGeH3ankoHMs xnopuaa) paccmaTtpuBaeTcs Kak
hakTop pasBUTUA MeOUKaMEHTO3HOro CMHApOMa
«CYXOro rnasa» v NoBpeXaeHUs rnasHom noBepx-
HOCTW NPV ANUTENBHOM Jle4YeHUm rnaykombl. [10a-
TOMY CerofiH BbIMycKalTCs (POPMbl (PUKCUPO-
BaHHbIX KOMOMHaumMn 6e3 KOHCepBaHTOB, B TOM
yncne npenapat Kocont BK (6e3 koHcepBaHTa) -
pactBop Agop3onamuga/tumonona [4-6]. KnuHu-
Yyeckune HabrnogeHna 4eMOHCTPUPYIOT yryylleHne
NepeHoCMMOCTN Mpu nepeBode MNauMeHTOB Ha
BGeckoHcepBaHTHbIE Kannu. B yacTHoCTU, oTmeve-
HO CHWXEHME CMMMNTOMOB pasapaXeHus: YacTtota
Bblpa)XeHHOWN BynbbGapHOWM rmnepemMmnn CHUXaeTcs
¢ 5% po 0,7% nocne 3aMmeHbl 0ObIYHbIX Kanemnb Ha
PUKCMpoBaHHY0 KOMBUHaUuo 6e3 KoHcepBaHTa.
OpnHoBpeMEHHO yMeHbLUMNach CTeneHb OKpaLum-
BaHMWSI KOHBIOHKTUBbI M POrOBULbI NPU BMOMMKPOC-
KoM C MCnonb3oBaHWeEM oopecLenHa, YTo
cBMAETENbCTBYET 00 yny4ylLeHUN COCTOSAHUSA rnas-
HOW noBepxHoCTWU. Ha doHe nyyiwien nepeHocu-
MOCTM yOarnocb MNOBLICUTb MPUBEPXEHHOCTb
neyenuto: 92,7% nauynmeHToB yCneLwHO 3aBepLUnn
Kypc Tepanuu 1 npoaormkunu neyeHne Ha bec-
KOHCEpPBaAHTHON (PUKCUMPOBAHHOM KOMOWMHaLWK,
TOrga Kak npekpalweHve neveHus BCreacTeue

HeoCTaTOMHON 3PdEKTUBHOCTHU
nmbo HexenaTenbHbIX SABMEHUN
notpeboBanock meHee, Yemy 3%
6onbHbIX. Takum obpasom, npu-
MeHeHne (UKCUPOBaAHHOW KOM-
OvHaumm gopsonamvga v TUMO-
nona 6e3 KOHCepBaHTOB MMeeT
pag npevmyiecTs — adpdeKkTmB-
HOFO CHMXXEHUSI BHYTPUIMasHoro
AaBneHust Npu OAHOBPEMEHHOM
YMEHbLUEHUN NOBOYHBLIX 3 deK-
TOB W MNOBbILEHUN NPUBEPXKEH-
HOCTU MauMEHTOB K ANUTENbHON
rmnoTeHsmnsHom Tepanun [7-10].

WccnepoBaHns, npoBoauMble
B nocrnegHve OecatuneTus, nog-
TBEPXAAlT Beaylyl pofb B
pasBMTUM [MaykoOMbl OKCUAATUB-
HOro cTpecca, 3aknovaroLierocs
B M30bITOMHOM ObBpasoBaHUN ak-
TMBHbIX (POpPM KMcnopoaa, Bbi3bl-
BaKOLWMX NOBpexXaeHne MUTo-
XOHOPWI KNEeTok 1 ux rmbenu. B
3KCNepuMeHTanbHbIX Uccneno-
BaHMAX MokasaHo, YTo Aop3ona-
MU YMEHbLLAET 3TN anonTo3Hble
MEeXaHU3Mbl B TKaHSX CEeTYaTKu.
Takxe OTMeYeHO Moaynupyto-
Lee OencTBme NHrMbnTopos Kap-
6oaHrngpasbl Ha nokasarens pH
AKCTpaLENSIONAPHON XKUAKOCTN,
YTO MOXET OKasblBaTb BMUsIHME
Ha MeTabonnyeckyo akTUBHOCTb.
B pononHeHue k cHmxeHuto B
Aop3ornaMmmng CyLLeCTBEeHHO ynyy-
LIaeT BaXHble nokasartenu rnas-
HoOro kpoBoToKa [11].

YuunTbiBasa BbICOKYIO pacnpocT-
PaHEHHOCTb rnaykomMbl U TEHOEH-
UMl K pocty 3aborneBaemocTy,
0COBEHHO cpean nuy CcTapLumx
BO3pacCTHbIX rpynmn, onTumMu3auus
MeOMKaMEHTO3HOro fneYeHns sB-
naeTca NpuoOpUTETHOW 3aJadven
Bpayda-odtanbmorsora. lNosbliwe-
HUEe MPUBEPXKEHHOCTU Tepanun
3a CYET MCMNOonb30BaHUA KOMOU-
HUPOBAaHHbIX NpenapaToB C XOPo-
Luer NepeHOCUMOCTbIO CMOCOBHO
CYLEeCTBEHHO MOBMUATbL Ha 3a-
MegneHne nporpeccupoBaHus
rnaykombl U COXpPaHEHWE 3peHus
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y nauneHToB. B aToMn cBSI3M Npea-
CTaBNSAETCS aKTyanbHbIM WU3y4e-
HWe adppekTmBHOCTU N Besonac-
HOCTU €OWHCTBEHHOW NpencTas-
neHHou B Pecnybnuke KasaxcrtaH
GeckoHcepBaHTHOMW UKcUpo-
BaHHOW KOMOWHauun pops3ona-
mua/Tumonon (npenapata Koc-
ont BK komnanun Santen Oy) y
nauneHTOoB C rraykoMoM.

MaTtepuan u metoabl

B Kasaxckom Hay4Ho-uccne-
[0BaTeNbCKOM WHCTUTYTE rnas-
HbIX GonesHen c Hosibpa 2024
roga no anpenb 2025 roga 66110
npoBegeHo 6-mecavyHoe npoc-
NMEKTUBHOE KOrOpTHOE uccrneno-
BaHWe Ans oueHku apdekTus-
HocTu 1 6esonacHoCTM Npenapa-
Ta Kocont BK. B uccnegosaHue
Obinn BktoYeHbl 30 naymMeHToB ¢
NepBUYHON OTKPbLITOYTrONbHOM
rnmaykomon. CpegHuin Bo3spacT
nauneHToB coctasun 67,5 roga
(BapbupoBan ot 53 go 78 ner).
PacnpenenexHve no nony 6bino
cnegyowmnm: 11 My>x4mH, 19 xeH-
LLMH.

MaumneHTbl 6GbINK pacnpege-
neHbl Ha 3 rpynnbl:

| rpynna (14 yenosek) - nauu-
€HTbl C BMepBble BbISABIIEHHON
rmaykoMow c pa3BuTon 1 ganeko-
3alleqen ctagmen, He nonyyas-
LLUME paHee NneYeHuns;

Il rpynna (7 4enoBek) - nauu-

€HTbl, NepeBefieHHble C aHanora npocrarnaHau-
HOB Ha uccnegyembli npenapar;

[ll rpynna (9 yenoBek) - nauueHTbl, NepeBeaeH-
Hble ¢ dmkcupoBaHHon KombuHaumm UKA+BB c
KOHCepBaHTOM Ha uccneayemblin npenapar.

MaumeHTam npu NepBMYHOM OCMOTPE nocne
nory4yeHnss MHPOPMUPOBAHHOIO COrfliacusa Ha
yyacTve B WUCCNedoBaHUM NPOBOAMMUCL OLEHKa
OCTPOTbl 3peHunsi, 6eckoHTaKkTHass TOHOMETpPUS,
BMOMUMKPOCKONUS, ONTUYECKas KOrepeHTHas TOMO-
rpacpmst 1 KomMnbloTEPHAA NepumeTpus (oueHKa
LeHTPpanbHOro nors 3peHust), Takke 3anorHanach
aHkeTta OSDI gnsa cybbekTMBHOM OLEHKN CUHOPO-
Ma cyxoro rnasa. [lanee y4acTHMkam HasHayancs
npenapat KoconT BK B pexxnme 3akanbiBaHus rno 1
Kansie 2 pasa B AeHb C UHTepBanom B 12 yacos.
MaumeHTsl |l v 1l rpynnbl 66N NnepeBegeHbl Ha
nccnegyemMbl npenapat nocrie OTMeHbl paHee
ncnonb3yemblx kanenb. Nocne HavYana Tepanuu,
OLEeHKa BHYTPUrNasHoro AasrfieHns npoBoamnach
yepes Hedento, ganee - 1 pas B Mecsil, 0 OKOH-
YaHWsa cpoka uccrnegoBaHus. Yepes 3 mecsua
ncnonb3oBaHWA Obln NpoBeAeH NPOMEXYTOYHbIN
OCMOTP, BKIOYABLUMIA OLEHKY OCTPOTbl 3peHMUs,
OUOMMKPOCKONMIO, OMNTUYECKYID KOFE€pPEeHTHYH
TOMOrpadumio U KOMMbIOTEPHYIO MEPUMETPUIO
(oueHKa ueHTpanbHOro nons 3pexHus), n vyepes 6
MecsiLeB MO OKOHYaHWWM nepuoda uccnegoBaHus
BCe Bbllleyka3daHHble obcnenoBaHUS MOBTOPS-
nNCb, U NauneHTbl 3anonHanu aHkety OSDI.

PesynbraThl

B Ttabnuue 1 nokasaHa guHaMuKa M3MEHEHWUI
ypoBHs BI'[l y nauneHToB ¢ MNMOYI Ha npoTaxeHun
LIEeCTUMECSYHOro Kypca Tepanum 6eckoHcepBaHT-
HOM (bMKCUPOBaHHON KOMBUHaLMeN gop3onamuaa
n Tumonona (Kocont BK).

Tabnuua 1 - YpoBeHb BI'[l Ha NpoTskeHUW nccreqoBaHus

yepes 1
Hene
no

Mpyn
Mbl Nexopn
Hoe BI'[l

3 me
cau

27,9 21,7

18,8

20,3 19,1

18,7

18,1 18

19,3

KasakctaH odpransmonoruansik xxypHanesl Ne 1 (23) 2026




Y nepBoi rpynnbl (BNnepBble BbligBAEeHHAas
rmaykoma) oTmevaeTcs Hambonee BblpaXXeHHOoe
cHwxeHwue BI'[l: c ucxogHoro 27,9 MM pT.CT. 8o 21,7
MM pPT. CT. yXe 4epe3 Headentw Tepanuum c
nocneaywouwen crabunusaumen nokasatens B
auanasoHe 18,5-19,6 MM PT.CT. HA NPOTSKEHUM
HabnogeHnst. 3To CBMAETENBbCTBYET O ObICTPOM U
YCTONYMBOM rMNOTEH3MBHOM 3(hpeKTe npenapaTa
npu NepBMYHOM HasHayeHuu. Bo BTopown rpynne
(naumeHTbl, NepeBedEéHHbIE C aHanoros Npocra-
rmaHAMHOB) Takxe HabnwgaetTca HekoTopoe
cHuxeHune Bl c 20,3 go 18,7-19,2 MM pT.CT., YTO
noaTeepxaaet adPPEKTMBHOCTb nepexoga Ha

0
25

20

nccnegyemMmyto KOMOuHauuoo npu
HeJOCTaTO4YHOM [OOCTMXKEHUMN
AaBrieHnss Ha poHe npexHen
Tepanuu B guvHamuke (puc.1). Y
nauueHToB TpeTben rpynmnbl, rae
nauneHTbl paHee nonyvanun guk-
CYpPOBaHHble KOMOMHALMK C KOH-
cepBaHTaMu, oTMeYaeTcs coxpa-
HeHue cTabunbHbIX NokasaTenen
ypoBHs Bl[, 4TOo roBoput o
COXpaHeHUU M’MNOTEH3NBHOIO 3do-
dekTa Npu cMeHe Tepanuu Ha
BGeckoHCepBaHTHYO hopMmy.

15
10
5
o
HCXoaHoe uepesl yepesl

Bra Hegeno MeCcAL,
—p 1 rpynna

2 mecay

w2 FPYNNa

3 mecay

4 mecay 5 mecay 6 mecay

=g 3 rpynna

PucyHok 1. AnHamuka Bl y naumeHToB 3 rpynn

CTouUT OTMETUTb M U3MEHEHUS B CNOE HEPBHbIX
BOMOKOH ceTtyaTkm no gaHHbiM OKT (puc.2): B |
rpynne oTMeYeHo yBenuyeHue cpegHen TONWwmHbI
RNFL ¢ 78 go 83 MKM, 4TO yKasblBaeT Ha yrnyu-
LWEeHME MUKPOLMPKYNALMM U TPOUKMA 3puUTENb-
HOro HepBa MNOCMEe CHWXKEHUS BHYTPUrNasHOro
pasneHus. Bo Il rpynne tonwmHa RNFL octa-
Banacb nNpakTnyeckn HemsmeHHon (83-85 Mkm),
4YTO MNOATBEPXAAET CTPYKTYPHYK CTabunbHOCTb
BOJTOKOH CETHaTKN N 3P PEKTUBHOCTL Nepexoaa Ha
nccnegyemyto kombuHauuio. B Il rpynne cHuxe-

30

85 85

82 83 83

78

Hne RNFL Obino MUHMMAnbHbIM
(c 73 80 72 MKM), YTO MOXET ObITb
CBs13aHO C MCXogHO Gonee Bblpa-
XXEHHbIMN CTPYKTYPHbIMU U3Me-
HEHUAMU, XapaKTepHbIMKU AnNA
bonee onMTENbHO TEKyLLEN rnay-
KOMbI, a TaKKe oTpaXkaeT 3aLunT-
Hoe BnusiHne 6eckoHCcepBaHTHOM
dopMbl nNpenaparta Ha akco-
HarlbHbIN KOMMNSIEKC 3PUTESNTbHOMO
HepBa.

1 rpynna 2 rpynna 3 rpynna

PucyHok 2. [IntHamumka TOMLWMHbI HEPBHbIX BOMIOKOH ceTyaTkm Ha OKT
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N3 npeactaBneHHOW COBOKYI-
HOCTW JaHHbIX CrieayerT, 4To Tepa-
nua npenapatom Kocont BK He
TONbko obecneymBaeT CTOMKUN
FMMOTEH3NBHbLIA 3PPEKT, HO U
CcnocobCTBYET COXPaHEHUIO CTPY-
KTYPHbIX 3M€MeHTOB 3puUTenb-
HOro HepBa, NPOSABNAA HeWnpo-

3 rpynna

2 rpynna

1 rpynna

4 6

W MCX0aHble gaHHble OSDI

NPOTEKTMBHbIE CBOMCTBA.

Ha pucyHke 3 npeacTtaBneHsbl pesynsraThl Onpo-
ca nauueHToB no aHkete OSDI (Ocular Surface
Disease Index), oTpaxatowume OUHAMUKY Bblpa-
XEHHOCTW CMMMNTOMOB CUMHOPOMA CyXOro rrasa B
TPEX uccnegyemMbix rpynnax 4o Havana u vyepes 6
Mecsiues Tepanumn npenapatom KoconT BK.

8

H4epes3 b mecaues

PucyHok 3. Pesynetathl otBeTOB aHkeTbl OSDI

Bo Bcex rpynnax Habniogaetca
CHMeHune nokasatenen OSDI no

CPaBHEHUK C UCXOAHbIMMU
AaHHBIMW, YTO CBMAOETENbCTBYET
O MONOXUTENbHOM BNUAHUN Bec-
KOHCepBaHTHOW popMbl MNpena-
parta Ha COCTOsIHME NOBEPXHOCTH
rmasa n cybbekTMBHOe oLluyllle-
HUe KoMmdopTa nauueHTamu.
Hanbonee BbipaxxeHHOe ynyu-
weHne oTtmedeHo Yy Il rpynnel
nauMeHToB, nepeBeféHHbIX C
Tepanun PUKCUPOBaAHHBLIMU KOM-
GuHaunamun, cogepxawmnumm
KOHCEepBaHTbI: cpefHee 3Hauve-
Hue OSDI cHm3unock ¢ 18,91 oo
13,11 6annos. 310 yKa3biBaeT Ha
YMEHbLUEHNE BbIPpaXeHHOCTH
pasgpaxeHus U CyxocCcTu rnas
nocne OTMeHbl KOHCepBaHT-
cogepXxawumx kanenb. Y nauun-
eHToB |l rpynnel Takke oTMe4YeHo
CYWEeCTBEHHOE CHWXeHWe WH-

pekca c 16,12 po 13,41 6annoB, YTO MOXET ObITb
CBA3aHO KaK C YnydleHWeM TONepaHTHOCTU K
Tepanuu, Tak u C BOCCTAaHOBNEHNEM CTabUbHOCTH
CNEé3HOM NNEHKN.

Takmm obpasom, pesynbraTbl aHKETUPOBAHUSA
NOATBEPXAAKT BbICOKYO 6e30nacHOCTb U
XopoLuyt nepeHocumMmocTb nNpenapata Kocont BK,
0COGEHHO y nauuMeHTOoB, paHee MosyYaBLUNX
Tepanuio C KOHCEpPBaAHTaMMW.

BbiBoabl

[MpoBegeHHOEe HaMW KMWHUYECKoe uccneno-
BaHne GecKOHcepBaHTHOM (opMbl PUKCUPO-
BaHHOM KOMOWHauun MHrMbutTopa kapboaHrua-
pa3sbl gop3onamuaa u 6eta-bnokatopa Tumornona
maneata Kocont BK npogemMoHcTpupoBano kak
xopowy 3PPEKTUBHOCTb B CHUXEHUN YPOBHS
Bl'[l B pasHbIx rpynnax naynueHToB C NepBUYHOMN
OTKPbITOYrofNibHOW MaykOMOW, Tak U HEKOTopoe
HEMpONnpOTEKTOPHOE AENCTBUE, COMPOBOXAASACH
OT/IMYHOW NEPEHOCUMOCTbLIO, NPEAMNONOXUTENTbHO
cnocobCcTByOLWEN BbICOKOMY KOMMSI@EHCY Mpu
ANUTENbHOM MCMONb30BaHUK NpenaparTa.
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PE3IOME

KnuHudeckasa adhpekTMBHOCTb GECKOHCEPBAHTHOM (PUKCMPOBAHHOM KOMBMHaUMK
aops3onamunga u Tumonona maneara (Kocont BK) B neyeHun naumeHToB
C MepPBUYHOM OTKPbLITOYrOfbHOM 1ayKoMOou
)K.O. CaHrmnnbaesa, E.K. lacaHoB

B paHHOM uccnepoBaHuu oueHuBanacb 3PPEKTUBHOCTbL M Be3onacHoCTb
HeckoHcepBaHTHON PUKCMPOBaHHOW KOMBMHaL MKW fop3onaMuaa u TMMosnona maneara
(Kocont BK) y nauneHTOB C MepBUYHOM OTKPLITOYrosisHOW rrnaykomown. [Mpenapat
NpoAeMOHCTPUPOBanN BblpaXeHHoe U CcTabunbHOe CHWXeHWe BHYTPUINasHoro
AaBIieHns, yry4YLlleHne COCTOAHUSA 3pUTENbHOIro HepBa M NMOBEPXHOCTY [Ma3a, a Takke
XOpOLY0 NepeHoCUMOCTb Tepanuu. [lony4vyeHHble AaHHble MOATBEpPXAaloT, 4TO
npenapat Kocont BK MOXeT OblTb pekoMeHAOBaH K WUCMOMb30BAHUIO B PYTUHHOM
npakTuKe A8 neYyeHns NnaumMeHToB C rnaykoMOon.

KnoyeBble crioBa: rnaykoma, (puvkcupoBaHHas KoMOMHaUWsA, BHYTpuUrrasHoe
AasneHue, 3peKTUBHOCTb, NEPEHOCUMOCTb.

SUMMARY

Clinical efficiency of the Preservative-Free Fixed Combination of Dorzolamide and
Timolol Maleate (Cosopt PF) in the Treatment of Patients with Primary Open-Angle
Glaucoma
Zh.O. Sangilbayeva, E.K. Gasanov

This study evaluated the efficacy and safety of the preservative-free fixed
combination of dorzolamide and timolol maleate (Cosopt PF) in patients with primary
open-angle glaucoma. The drug demonstrated a pronounced and stable reduction in
intraocular pressure, improvement in optic nerve and ocular surface condition and good
treatment tolerability. The findings confirm that Cosopt PF can be recommended for
routine clinical use in the management of glaucoma patients.

Key words: glaucoma, fixed combination, intraocular pressure, efficacy, tolerability.

T¥XbIPbIM

BipiHWIiNik awblKk OypbIWThI raykomackl 6ap HaykacTapabl eMaeyaeri KOHCEPBAHTCbI3
Aop3onamug neH TMMonon MmaneatbliHblH OipikTipinreH gspinik TypiHiH (KoconT BK)
KNMUHUKanNbIK TUiMAiniri
XK.O. CaHrunbaesa, E.K. NacaHoB

3epTtTeyge OipiHWINIK awblk GypbIWTEI rMaykomackl 6ap Haykactapga KoHcep-
BaHTCbI3 JOp30oramMmuz neH TMMOSoN ManeaTblHbIH BipikTipinireH gapinik TypiHiH (KoconT
BK) Tmuimainiri meH kKayinciaairi 6aranangbl. NMpenapart Ke3 iLWinik KbICbIMAbl alKbIH XXoHe
TYPaKTbl TYpPAE TOMEHAETIN, Kepy XYMKeCi MeH ke3 OeTiHiH >XafdalblH XakcapTagbl,
COHAaun-aK Xakcbl keTepimainik kepceteni. AnblHFaH HaTuxenep Kocont BK
npenapaTtbiH rnaykomacbl 6ap Haykactapabl emaeyaeri KyYHAENiKTi KNuHUKanbiK
XXYMbICTa KongaHyfa yCbiHyfa 6onaTblHbIH Aanenaenai.

KinT cesmep: rnaykoma, GekiTinreH KoMOMHauuMs, Ke3ilWinik KbiCbiM, TUIMAINIK,
KeTepimainik.

KasakctaH odTanbmonorusanblk xxypHanbl Ne 1 (23) 2026




CLINICAL EFFICIENCY OF THE PRESERVATIVE-FREE FIXED
COMBINATION OF DORZOLAMIDE AND TIMOLOL MALEATE
(COSOPT PF) IN THE TREATMENT OF PATIENTS WITH PRIMARY

OPEN-ANGLE GLAUCOMA

Zh.O. Sangilbayeva, E.K. Gasanov

Introduction

Globally, the prevalence of glaucoma among
people over 40 years of age reaches 3.5%, with the
incidence steadily increasing with age. While
glaucoma affects approximately 1% of the
population aged 40—49, it reaches approximately
3% among those aged 60-70, and over 10-14%
among those over 80. According to various
estimates, the number of people with glaucoma will
increase from 76 million in 2020 to 111.8 million by
2040, as the global population ages [1]. Thus, the
problem of glaucoma is becoming increasingly
important from a medical and social perspective,
as without timely treatment, this pathology leads to
irreversible blindness.

The epidemiological situation of glaucoma in the
Republic of Kazakhstan reflects global trends.
Glaucoma is one of the leading causes of visual
impairment in the country. In recent years, a steady
increase in glaucoma incidence has been
observed: according to official data, the primary
detection rate (incident rate) of glaucoma
increased from 59.1 cases per 100,000 population
in 2000 to 135.5 per 100,000 in 2022. Forecasts
indicate further growth, with the rate expected to
reach 150 cases per 100,000 population by the
mid-2020s [2]. The incidence rate is somewhat
higher in urban areas compared to rural areas,
partly due to better detection through screening
and the availability of ophthalmological care in
urbanized regions. Increasing life expectancy in
Kazakhstan suggests a further increase in the
burden of glaucoma on the healthcare system,
making early detection and effective treatment
particularly pressing.

It should be noted that significant progress has
been made in early detection of glaucoma in
Kazakhstan since the introduction of the national
glaucoma screening program. In recent years, the
coverage of the population with preventive
examinations has increased significantly, leading
toanincrease in the proportion of cases detected in
the early stages, when effective medical treatment
and vision preservation are possible. The increase

in detection is particularly notice-
able in cities where screening is
systematically implemented as
part of the state program, which
has increased the early diagnosis
rate and reduced the proportion of
patients presenting for the first
time with advanced glaucoma
symptoms [2].

The primary treatment strategy
for glaucoma is to reduce intra-
ocular pressure (IOP) to a target
level, which helps to slow or pre-
vent the progression of glauco-
matous optic neuropathy. In clini-
cal practice, this is achieved pri-
marily with hypotensive eye
drops, which often require lifelong
use. A combination of several
medications from different groups
is often required to achieve the
target pressure level [3]. When
using two or more products
separately, patients face a com-
plicated instillation regimen
(multiple instillations from diffe-
rent bottles throughout the day),
which reduces treatment ad-
herence and increases the risk of
instillation errors. Furthermore,
the combined effects of multiple
preservatives (most commonly
benzalkonium chloride) on the
ocular surface can cause dry-
ness, irritation, allergic reactions,
and corneal damage with prolon-
ged use.

Fixed-dose combinations of
antihypertensive agents are
designed to optimize glaucoma
therapy. They are single medi-
cations that combine two active
ingredients in a single bottle. An
example is the fixed-dose combi-
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nation of dorzolamide 2% and
timolol 0.5%, recommended for
use when monotherapy with
these components is insufficiently
effective. The use of fixed-dose
combinations has a number of
proven advantages over separate
administration of multiple medica-
tions. Firstly, by reducing the
number of instillations, the treat-
ment regimen is simplified, signi-
ficantly improving patient compli-
ance. Secondly, combination
drops provide the same level of
IOP reduction as the separate
administration of each compo-
nent. In some studies, the 0P
control effect was even superior
to that of sequential instillation,
due to the elimination of the
"washout" phenomenon of the
second drug. Thirdly, the total
preservative load on the ocular
surface is reduced, leading to
reduced toxicity to the cornea and
conjunctiva. Clinical studies show
that switching from separate
therapy to a fixed-dose combina-
tion of dorzolamide/timolol does
not worsen IOP control and may
be accompanied by a reduction in
the incidence of local side effects.
In one randomized study of 4-
month treatment of primary open-
angle glaucoma (POAG) with
separate and fixed-dose combi-
nation of dorzolamide/timolol, a
similar reduction in intraocular
pressure (approximately 24%
from baseline) was observed.
However, eye irritation symptoms
were less common with the fixed-
dose combination: no eye pain
was observed in the combination
therapy group versus 4% of cases
with separate instillation, and
superficial corneal damage was
observed in only 1% versus 7% of
patients, respectively (p<0.05).
These data confirm that fixed-
dose dual therapy is not inferior to
separate therapy in terms of effi-

cacy and is better tolerated by patients.

An additional step toward improving the safety of
glaucoma therapy has been the development of
preservative-free formulations. The presence of
preservatives (primarily benzalkonium chloride) in
eye drops is considered a factor of the develop-
ment of drug-induced dry eye syndrome and ocular
surface damage during long-term glaucoma
treatment. Therefore, preservative-free fixed
combination formulations are now available, inclu-
ding Cosopt PF (preservative-free) — a dorzola-
mide/timolol solution [4-6]. Clinical observations
demonstrate improved tolerability when patients
are switched to preservative-free drops. In parti-
cular, a reduction in irritation symptoms has been
noted: the incidence of severe bulbar hyperemia
decreased from 5% to 0.7% after replacing
conventional drops with a preservative-free fixed
combination. Conjunctival and corneal staining
decreased during fluorescein biomicroscopy,
indicating improved ocular surface health. Impro-
ved tolerability led to improved treatment adheren-
ce: 92.7% of patients successfully completed the
course of therapy and continued treatment with the
preservative-free fixed-dose combination, while
treatment discontinuation due to insufficient effi-
cacy or adverse events was required in less than
3% of patients. Thus, the use of the preservative-
free fixed-dose combination of dorzolamide and
timolol offers several advantages, including effec-
tive reduction of intraocular pressure while redu-
cing side effects and increasing patient adherence
to long-term antihypertensive therapy [7-10].

Research conducted in recent decades has
confirmed the leading role of oxidative stress in the
development of glaucoma. This stress is charac-
terized by the excessive formation of reactive
oxygen species, which damage mitochondria and
cause cell death. Experimental studies have
shown that dorzolamide reduces these apoptotic
mechanisms in retinal tissue. Carbonic anhydrase
inhibitors have also been shown to modulate the
pH of extracellular fluid, which may influence
metabolic activity. In addition to lowering 0P,
dorzolamide significantly improves important
parameters of ocular blood flow [11].

Given the high prevalence of glaucoma and its
increasing incidence, especially among older
individuals, optimizing drug therapy is a priority for
ophthalmologists. Improving treatment adherence
through the use of well-tolerated combination
medications can significantly slow the progression
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of glaucoma and preserve vision in patients. In this
regard, it seems relevant to study the efficacy and
safety of the only preservative-free fixed combina-
tion of dorzolamide/timolol available in the Repub-
lic of Kazakhstan (the drug Cosopt PF from Santen
Oy) in patients with glaucoma.

Material and Methods

A 6-month prospective cohort study to evaluate
the efficacy and safety of Cosopt PF was conduc-
ted at the Kazakh Research Institute of Eye Dise-
ases from November 2024 to April 2025. The study
included 30 patients with primary open-angle glau-
coma. The average age of the patients was 67.5
years (range, 53 to 78 years). Gender distribution
was as follows: 11 men and 19 women.

The patients were divided into 3 groups:

Group 1 (14 patients) - patients with newly
diagnosed, advanced, and previously untreated
glaucoma;

Group 2 (7 patients) - patients switched from a
prostaglandin analogue to the study drug;

Group 3 (9 patients) - patients switched from a
fixed-dose combination of CAI+BB with a preser-
vative to the study drug.

During the initial examination, after obtaining
informed consent to participate in the study, pati-
ents underwent visual acuity assessment, non-
contact tonometry, biomicroscopy, optical cohe-
rence tomography, and computerized perimetry
(assessment of the central visual field). They also
completed the OSDI questionnaire for subjective

Table 1 - IOP levels during the study

assessment of dry eye syndrome.
Participants were then prescribed
Cosopt PF, instilled 1 drop twice
daily at 12-hour intervals. Patients
in groups Il and Il were transfer-
red to the study drug after discon-
tinuing the previously used drops.
After the start of therapy, intra-
ocular pressure was assessed
after one week, and then once a
month until the end of the study
period. After 3 months of use, an
interim examination was conduc-
ted, including visual acuity
assessment, biomicroscopy, opti-
cal coherence tomography, and
computerized perimetry (assess-
ment of the central visual field).
Six months after the end of the
study period, all the above exami-
nations were repeated, and pati-
ents completed the OSDI ques-
tionnaire.

Results:

Table 1 shows the dynamics of
changes in IOP levels in patients
with POAG during a six-month
course of therapy with the preser-
vative-free fixed combination of
dorzolamide and timolol (Cosopt
PF).

2nd
month

1st
month

in a
week

Baseline
IOP level

Group

3rd
month

4th
month

5th
month

6th
month

27,9 21,7 19,6 19,3

18,8 19,1 18,5 119

20,3 19,1 18,7 19,2

18,7 18,6 19,1 18,9

18,1 18 18,2 18,1

19,3 18,3 | 18,3 18,1

The first group (newly diagnosed glaucoma) de-
monstrated the most pronounced reduction in IOP:
from a baseline of 27.9 mmHg to 21.7 mmHg after
just one week of therapy, with subsequent stabili-
zation of the indicator in the range of 18.5-19.6
mmHg throughout the observation period. This
indicates a rapid and sustained hypotensive effect
of the drug upon initial administration. In the se-
cond group (patients transferred from prostaglan-
din analogues), a slight decrease in IOP was also
observed, from 20.3 to 18.7-19.2 mmHg, confir-
ming the effectiveness of swit-ching to the study

combination when pressure was
insufficiently achieved during the
previous the-rapy over time (Fig.
1). In patients of the third group,
where patients previously recei-
ved fixed-dose combinations with
preservatives, stable I0OP levels
were observed, indicating the
stable hypotensive effect when
switching to a preservative-free
form.
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Figure 1. Dynamics of IOP in patients of 3 groups

Changes in the retinal nerve
fiber layer, as measured by OCT
(Fig. 2), are also noteworthy: in
Group |, the average RNFL thick-
ness increased from 78 to 83 ym,
indicating improved microcircula-
tion and trophism of the optic
nerve after the reduction in intra-
ocular pressure. In Group I,
RNFL thickness remained virtu-

S0
g 83 83

78

1 rpynna

2 rpynna

ally unchanged (83—-85 pm), confirming the struc-
tural stability of the retinal fibers and the effec-
tiveness of the transition to the study combination.
In Group lll, the decrease in RNFL was minimal
(from 73 to 72 pym), which may be related to more
pronounced structural changes initially, charac-
teristic of longer-term glaucoma, and also reflects
the protective effect of the preservative-free formu-
lation on the optic nerve axonal complex.

85 85

373 72

3 rpynna

Figure 2. Dynamics of retinal nerve fiber thickness on OCT

The presented data demonst-
rate that therapy with Cosopt PF
not only provides a sustained
hypotensive effect but also helps
preserve the structural elements
of the optic nerve, exhibiting
neuroprotective properties.

Figure 3 presents the results of the patient
survey using the Ocular Surface Disease Index
(OSDI) questionnaire, reflecting the dynamics of
dry eye syndrome symptom severity in the three
study groups before and after 6 months of Cosopt
PF therapy.
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Figure 3. OSDI questionnaire results

Across all groups, a decrease in OSDI scores
was observed compared to baseline, indicating a
positive impact of the preservative-free formulation
on ocular surface health and patient subjective
comfort. The most pronounced improvement was
observed in Group Il patients transitioning from
preservative-containing fixed-dose combinations:
the mean OSDI score decreased from 18.91 to
13.11 points. This indicates a reduction in the
severity of eye irritation and dryness after dis-
continuing preservative-containing drops. Patients
in Group Il also showed a significant decrease in
the index, from 16.12to 13.41 points, which may be
related to both improved tolerance to therapy and
restoration of tear film stability.

Thus, the survey results confirm the high safety
and good tolerability of Cosopt PF, especially in

patients previously treated with
preservative-containing therapy.

CONCLUSION

Our clinical trial of the preser-
vative-free fixed-dose combina-
tion of the carbonic anhydrase
inhibitor dorzolamide and the
beta-blocker timolol maleate
(Cosopt PF) demonstrated both
good efficacy in reducing IOP in
different groups of patients with
primary open-angle glaucoma
and some neuroprotective acti-
vity, accompanied by excellent
tolerability, presumably contri-
buting to high compliance during
long-term use.
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YOK: 617.7

CMAPT-TEXHONOInn B OPTAJIbMOJIOINMN:
COBPEMEHHOE COCTOAHUE U NEPCIMNEKTUBbI PASBUTUA

X.O. CaHrvnbaesa, E.K. lacaHoB

BeBepneHue. CmapT-TexHono-
rmn B opTanbMonorum npeacras-
nAT cobon COBOKYMHOCTbL COB-
peMeHHbIX LNMPOBbIX peLueHum
OT MCKYCCTBEHHOIO MHTEnneKTa
(M) n mawmHHoro obyyeHns o
NOAKMNoYaeMbIX YCTPOWCTB, MO-
OMMbHBIX NPUIOXEHUA K Tene-
MeANLMHCKUX nnatdopm, Han-
paBneHHbIX Ha ynyylleHne guar-
HOCTUKW, MOHUTOPWUHra n nede-
HUS rnasHbix 3abonesaHun. B
nocriegHue rofbl UCnonb3oBaHne
Takux cMapT-TEXHOMNOrnMm B
opTanbMONoOrM4yeckon npakTuke
CTPEMUTENBHO pPacTéT, Yyemy

crnocobCcTBOBaNM Kak Nporpecc TenemeamuuHbl,
Tak U Bbl30Bbl MUHYyB-en naHgemun COVID-19
[1]. CmapT-ycTponcTBa NO3BONAOT AUCTAaHLUMOHHO
OTCIexuBaTb BaXHble 3puTenbHble YHKUNMK,
NPU3HaKNU M CMMNTOMbI 3aboneBaHnn, pacumnpsas
AOCTYN NAauUNEHTOB K MOMOLLM BHE CTEH KITUHUKM.
MosiBUNUCbL Mepe-HOCHble ragXeTbl U HOCUMbIE
ceHcopbl (Ha 3a-NscTbe, B ONpaBe O4YKOB, B BUAE
KOHTaKTHbIX NMUH3 N Ap.), a Takxe
MHOTOYNCIEHHbIE MPUNOXEHUS ANS CMapT(OHOB,
obnervatwuime npoBegeHne CKPU-HUHTOB W
caMoKoHTponsa 3peHuss. OQHOBPEMEHHO
NCKYCCTBEHHbIA WHTENNEKT U aHanua 0onbLmnx
AaHHbIX NpoKnagbliBaloT NyTb K NepcoHanunau-
poBaHHOW OgTanbMoONormMm OT aBTOMaTU4ECKOro
pacno3HaBaHus 3aboneBaHUn NO M306paKeHUAM
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A0 NPOrHO3MPOBAHNA NCXOA0B neYveHus [2].

NMpuMeHeHne UCKYCCTBEHHOro WHTessieKTa
B ocbTanbmMosnoruu

VICKyCCTBEHHbIVN MHTENSEKT B OpTaribMonormm
OXBaTblBaeT anropuTMbl MaLMHHOMO oby4veHus
(Bkntoyas rnybokne HeMpPOHHbIE CETU), CNOCOOHbIE
aHanuMampoBaTb MeAULUMHCKNE OaHHble U U306pa-
XXEeHWs rna3 Ans BbIsIBNIEHUSA NaToNornmn, nporHo3u-
poBaHUA TedeHus 3aboneBaHU N NOOAEPKKM
KNUHM4ecknx pewexHui. Hanbonee 6ypHoe passu-
TWe nony4un rny6oknin MawWmnHHbLIN aHanua u3ob-
paXXeHWn: COBPEMEHHbIE HenpoceTn obydatoTcs
Ha 6GonblIMX MaccuBax CHMMKOB B XOpPOLUEM
KayecTBe M [OCTMraloT TOYHOCTWU, CPaBHUMOM C
aKcnepTamu-Bpadamu [2].

BaxHo oTtmeTtuTtb, Yto UM B odTanbmonormm
AencTByeT He aBTOHOMHO, a obs3aTerbHO B CO-
YeTaHUU C BPayoM, BbICTYNas Nullb Kak UHCTPY-
MEHT NoaaePXKN NPUHATUS peLleHnn. ANropuTMbl
MoryT 6bicTpo obpabaTbiBaTh 60nbLUME MaCCUBbI
CHVMKOB M BblAENSATb MNOAO3PUTENbHbIE CryYaun
Ans Bpada, Hanpumep, B CKPUMHMHIOBbLIX MpoOr-
pammax no gumabetnyeckom peTuHonaTuM 3TO
NnoBbILLaeT OXBaT U 3(PEPEKTUBHOCTb, MO3BOMAA
BbISIBNATb OOMbLUE NALUMEHTOB HA PaHHUX CTaguax
6onesHn [3-5]. B uenom, NMCKyCCTBEHHbIN MHTEN-
NEeKT yXe [oKasan CBOK KAMHWYECKYH 3Hauu-
MOCTb B OPTanbMOMOrnn, n oXmaaeTcs, 4To no
Mepe HaKoNMeHNst AaHHbIX 1 COBEPLLEHCTBOBAHMS
Mogenen OH CTaHET HEOTHEMSIEMON YaCTbio CTaH-
0apTOB rMasHom NOMOLLM.

MoOunbHbIe NpunoXxeHua u teneodTranb-
Mornorus

MoGunbHble U obnayHble TEXHONOMMKU CTPEMMU-
TeNbHO MPOHMKaKT B 0PTanbMONOrMYEeCKyo
NPaKTUKY, pacLuMpsis BO3MOXHOCTU KaK Bpayewu,
Tak M naumeHToB. LLnpokoe pacnpocTpaHeHune
CMapT(OHOB MO BCEMY MUPY Cpean HaceneHus
npakTnyeckn noboro Bo3pacrta NpMBeNo K NosiB-
NEeHU0 MHOXeCcTBa crneunann3npoBaHHbIX MO-
OunbHbIX nNpunoxeHun. OgHM M3 HUX NpenHas-
HayeHbl NS TECTUPOBaHNA 3peHNs (BU3OMETPUS,
npoBepKa LIBETOBOrO 3pEHUS, KOHTPACTHON YyBCT-
BUTENbHOCTK, ceTka AMcnepa v Ap.) B AOMaLUHUX
ycrnoBusix. MHorne Takue NpunoXeHUs NpoLunn
KIMHUYECKYIO Banuaaumio M MoKasbiBaKT XOpOo-
LLYIO CONOCTaBUMOCTb C TPaAULMOHHBIMU METOAMN-
kamu. [lpyrve npunoxeHus noMoratT naumeHTam
C HapyLleHHbIM 3peHneM B NOBCEAHEBHOWN XN3HU
(HaBuratopsbl, nynbl, CACTEMbI 03BYYMBAHUS TEKC-
Ta U 1.4.), NOBbIWAsa X aBTOHOM-HOCTb [6]. Ons
Bpademn CyLecT-ByOT MOBUITbHbIE CNPABOYHUKU U
PYKOBOACTBA, a Takxe cpencTBa yaané&HHOro
A0CTyna K AnarHoc-Tudeckum npubopam.

Oco60 3Ha4YMMbl NpunoxeHusa, npespa-

lwamuwme cmaptdOH B MHCTPY-
MeHT obcnepgosaHua. C no-
MOLLbI HEOOpOrnx Hacagok Ka-
Mepa TenegoHa mMoxet pabo-
TaTb KakK NOpTaTMBHbIA oddTanb-
MOCKOMN WnKn Lweneeast namna,
nossosnss potorpacmposaTthb ne-
penHuin OTPe3oK rnasa u rnasHoe
AHo. CMapTdOH NErko KpenuTea K
weneBbIM Namnam u gaxe k OKT-
CKaHepam, 4YTO AaeT BO3MOX-
HOCTb B peXnMe pearbHOro Bpe-
MEHUN TpaHCNMpoBaTb M3o6paxe-
HWe CTPYKTYp rnasa Ha 3KpaH, a
TakkKe COXPaHATb CHUMKM AONS
AanbHenwero aHanuaa[7].
MpenmywlectTBo Takmx pelle-
HUM - NOPTATMBHOCTb W OOCTYnN-
HOCTb, OCODOEHHO LUeHHas npu
Bbl€3HbIX OCMOTpPax, CKPUHWUHre
B LUKOMax WM OTh4anéHHbIX pan-
oHax. [lonyyeHHble n3obpaxe-
HUS Yepe3 MOOUNbHbBIN UHTEPHET
unn Wi-Fi moryt 6bITb Takxe
nepegaHbl B crneuManuavpoBaH-
Hble LEHTpbI, rae odTanbmMornoru
MOryT ONepaTtMBHO WX OLIEHUTb.
Takmum obpasom, cmMapTdOoH cTan
BaXHbIM 3BEHOM B CUCTEMe
TeneodTanbMonorum, CoeauHss
nauymeHTta Ha “nepudgepun” u
aKcnepTa B LIEHTpE.
TeneoTanbmonorus, sBnsg-
SCb pasgenom TenemMeauunHbl,
BCE wWMpe npuMmeHsieTca ans
yAanéHHoro okasaHusa odTanb-
Monornyeckon nomowmn. OHa
BKIHOYAET KaK aCUHXPOHHbIE TEX-
Honorun - «store-and-forward»,
Korga gaHHble nauueHTa, Hanpu-
Mep CHUMKW, nepeparTcs cne-
UManucTy M nos3xe aHanumau-
PYHOTCA UM, TaK U CUHXPOHHbIE:
XMBble BUOEOKOHCYNbTaUun, yaa-
nénHHoe npucytcTemne. Hambonb-
wero ycnexa Tteneodgranbmo-
norus gocturna B oénacTtu ckpum-
HWHra 3aboneBaHu ceTyaTtkun. Bo
MHOMMX CTpaHax co3faHbl npo-
rpaMmmbl YOan&HHOro CKPUHWHIa
AnabeTnyeckonm peTtmHonaTun: B
NONMUKNUHUKAX UK kKabuHeTtax
nepBMYHON MOMOLLKM AenarTcs
CHUMKW Na3HOro gHa, KoTopble
yepe3 WHTEPHET OTNpaBnAlTCA
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oTanbmosioram Unn npoxogsaT
aBTomMaTmyeckmn aHanus UU-
anroputmamu [8]. Takon nogxon
Aokasan cBok 3PPEKTUBHOCTD,
N cenvac cymTaeTcs CTaHgapToM
BO MHOMMX permoHax Ans oxearta
60nbLIOro Yncna naumeHToB.

Momumo ceTyaTkn, Teneme-
AVUMHA BHeJpSAeTcs U B gpyrve
cepbl ocpranbmonorun. Cosaa-
I0TCA BUPTYarnbHbl€ KMMHUKX AN
rmaykombl W KaTapakTbl, rae py-
TMHHbIE KOHTPOINbHblE 00Ccneno-
BaHMA (M3MepeHne oCTpoThbl 3pe-
Hus, BI'[, CHUMKKM gucka 3puTerb-
HOro HepBa, NOSs 3pPEeHUs) Bbl-
MOMHATCA TEXHUKAMWU UK YCT-
poncTteBamn, a odptanbmonor 3a-
TeM OUCTaHUMOHHO npocmaT-
puBaeT peaynbsraTbl U NPUHUMaeT
peLleHne o TakTuke. JTO pasrpy-
XaeT O4YHble npuémbl N yaobHo
ans naumeHTtoB. Llnpokoe npu-
MEHeHne TeneodTanbmMonorus
nony4mna BO BpeMsi NaHgemuu,
Koroa 3HauuMTenbHasi Aons KOH-
cynbraumi nepewna B yganéH-
HblIn popmaTt [9-11]. Tem He
MeHee, npoweawas 3 roga Hasag
naHaemus NocnyXxuna Kkaranuaa-
TOPOM, MNOBbLICUBLUNM MPUHATUNE
TernemeguuMHbl cpean Bpadven u
nauueHToB, U cenyac OHa yBe-
PEHHO 3aHsna CBOE MeCTO Kak
YacTb KOMOMHMpPOBaAHHOW Mope-
N OKa3aHUs MOMOLLM.

NMpumeHeHne cmapT-TEXHO-
JIOrMN Npu rrnaykome

maykoma - nporpeccupyto-
Lee 3abonesaHune, NnpuBoasLLee
K HeoBpaTmMMoWm crienoTe - KpanHe
npumMmevartenbHa BO BHeOpPEHUMU
CMapT-TEXHOMNOINM, MOCKOSbKY
TpebyeT Kak paHHero BbiSIBIEHNS,
Tak U NOCTOSAHHONO MOHUTOPMHra
COCTOSIHMA nauueHTa. Tpagu-
LUMOHHAA OuarHocTuka, B 4acT-
HOCTW, U3MepeHue BHyTpurnas-
HOro AaBfieHWUs, OLEeHKa Aucka
3pUTENbHOrO HepBa U NepuUMeT-
pusa 3aBUCAT OT MHTepnpeTauum
Bpaya W HeperynspHa BO Bpe-
MeHU, 0COBEeHHO Korga y naum-
eHTa npobrnembl C MpUBEpPXKEH-
HOCTbIO K TMNOTEH3UBHOW Tepa-

nun. CMapT-TEXHONOrMm Npu3BaHbl caenartb anar-
HOCTUKY Bonee o6LEKTUBHOM, a NeYeHne - Henpe-
PbIBHbIM.

Momnmo UNWN-ananusa, B cepe rnaykomsbl
ypesBblHanHO BOCTpeboBaHbl YCTpOWCTBaA AN
MOHUTOPUHIa BHYTPUINa3HOro AaBneHusa -
KntoyeBoro daktopa 6GonesHu. lNockonbky B
NOABEPXKEHO CYTOYHbIM KonebaHuaM K Bcnnec-
KaM, pa3oBble U3MepeHUs B KIUHUKe JdakoT
OorpaHuYeHHy Hdopmauuio. B nocnegHune rogpl
NOSABUNINCb MHHOBALWOHHbIE pelleHus Ans
KOHTUHYyanbHOro moHutopuHra BI'4. OgHo 13 Hux -
nMnnaHTupyembln aatumk Eyemate (Implandata,
MepmaHusa), npeactasnsowmin cobon MuHKMA-
TIOPHbIA 3NEKTPOHHbBIA CEHCOP AaBreHud, UMn-
NaHTUpyeMbI B rMa3 nauyueHTa. 3Ta TeXHonorus
Oblna BanuMaMpoBaHa B KIMHUYECKUX wuccneno-
BaHMAX W Mony4una paspelleHne Ha UCnosib30-
BaHue B EBpone, a Ttakke cratyc Breakthrough
Device ot FDA B 2021 roay. CeHcop nomeLlaeTcs
nnbo B uunmapHyt 6oposay npu onepawum Kkata-
pakTbl, IMBO B CynpauunmapHoe MpOCTPaHCTBO
npwv aHTUrNaykoMaTo3HOM onepaunn n octaércs B
rnasy noctosiHHo. OH He cogepxuT 6atapen, nu-
TaHuWe OCYLLeCTBNAEeTCA yOaneHHO OT BHELUHEero
CcuUUTbIBaTENS, KOTOPbIN NAuVeHT NpuKNagbiBaeT K
BeKky. [lpyn akTmBM3saumm ceHcopa [faHHble O
TeKkyLleM [aBrfieHUM aBToMaTuyecku rnepegarTcs
Ha BHELLUHUA NPUEMHMK U Aanee - B 3alUULLEHHYO
obnayHyto 6a3y gaHHbIX. OTO NO3BONSAET Habnto-
aatb npocunb Bl naumeHTa Ha NpOTSHKEHUU
CYTOK, Hedenb n mecsaues. Bpay nony4aet goctyn
K OHMarH-NaHenu MOHUTOPWHra, rae rpagpuyecku
oTobpaxalTcsa Bce KonebaHua gaBneHusa u
TeHOeHUun, a Takke MOoryT ObiTb HaCTPOEHbI
ONOBELLEHUS NP NPEBbLILEHNN LLIENEBOro YPOBHS.
B KNUHMYECKMX UCNbITAHMAX MOKa3aHO, 4YTOo
AnuTenbHoe HoweHne Eyemate 6Ge3onacHo, a
AaHHble XOPOLIO KOPPEenupyrT C U3MepeHnsMU
cTaHgapTHbIMK ToHOMeTpamu [12]. OTmevaeTcs,
470 60MbLIOE YNCIO N3MEPEHNIA MO3BONSAET NyyLle
NPOrHO3MpoBaTb PUCK NPOrpeccMpoBaHus, rMoc-
KOMbKY (PMKCUPYET HOYHbIE 1 ANN30ANYECKMNE MUKN
AaBneHus. PaspaboTumkm Takxke pasBuBatoT
HanpaeneHne nHTerpaunn MM-aHanuTukn, YToObLI
aBTOMaTM4YeCKN MHTepnpeTupoBaTb Gonblive
MaccuBbl namepeHmn Bl cOBMECTHO C KMWHU-
YeCcKMMKM NapameTpamMu 1 nogckasbiBaTb ONTUMU-
3aumio rneveHus.

[o nosiBneHns uMnnaHTMpyemblX CEHCOPOB
NPUMEHANNCH U NPOAOIKAOT NPUMEHATLCA HOCU-
Mble gatymkm BI, SpkuM npumepom KOTopbIX
ABNSIETCA KOHTakTHas nuH3a Sensimed Trigger-
fish. 310 MArkaa KOHTakTHasa NMH3a CO BCTPOEH-
HbIM TEH304aTYMKOM, KOTOpPbIA ynaBnuvBaeT
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N3MEHEHNSA OKPY>KHOCTW rnasHoro sbnoka, npouc-
xogdwime npu konebaHusax OaBneHUst BHYTPWU
rnasa. JluH3a coeguHsieTcsl ¢ aHTEHHOM-NPUEM-
HUKOM, 3aKpensiseMon BOKPYr rfasa, Yepes KoTo-
Pyl AaHHble NepeaarTcsa Ha NopTaTUBHOE 3anu-
cbiBalowee yctponctBo. Cucrtema no3sonsieT B
ambynaTopHbIX YCNOBUSIX HEMPEPLIBHO PErncT-
pupoBatb npocpune Bl B TeyeHne 24 yacos,
BKIIOYast HOMYHOE BpeMs, C U3MepeHneM Kaxable 5
MUHYT. XOTa abcontoTHoe 3HaveHue Bl nuH3a
HaNpsMyto He BbIOAET (OaHHbIe NOYT B YCIOBHbIX
eQuHuLax), xapaktep kornebaHun n BpeMsi NuMKoB
NOMOraloT Bpady BbIABUTb MNauueHTa C PUCKOM
nporpeccupoBaHusa [13-15]. B mnccnegoBaHusx
Triggerfish npogemoHcTpupoBan npuemnemyto
6e3onacHocCTb: y 60NbLUIMHCTBA NALVEHTOB OTMe-
Yyanucb NUWb He3HauyuTerbHble NoboyHble 3d-
dekTbl B BUAE CNE30TEYEHUA M MOKPACHEHMUS,
nNpoxogmBLUNE NOCE CHATUS NTUH3bI.

Opyrum npumMepom HOBLIX TEXHOMOrMn Ans
rnmaykoMbl SIBMISIETCA LJOMALUHASA TOHOMETPUS. Yxe
HECKOIbKO JIET NPUMEHSIIOTCA NOPTATUBHbIE TOHO-
MeTpbl, NO3BONAKLWME MnaymeHTaMm camMoCTOos-
TeNbHO U3MepsTb AaBrneHue, Hanpumep, iCare
Home. Hoenwmne paspaboTtkn ctpemarcsa cae-
natb npouecc 6onee yqobHbIM 1 HE3aBUCUMbIM OT
HaBbIlkOB NauueHTa. Hanpumep, npototnn IOPer-
fect npegcraBnaetr cobon HanobHbIM MoAynb,
KOTOpbI 6eCKOHTaKTHO namepsieT Bl c nomoLubto
KOPOTKOro BO3AYLIHOMO UMMyfbCca K poroBuue u
BUOeOKaMepbl, pPerucTpupyrolen peakuuro Tka-
Hen. ATOT Npnbop He TpebyeT aHecTe3nn N MeHee
3aBUCUM OT TOSLLUUHBI POrOBULbI, @ AAaHHbIE MOTYT
aBTOMaTUYeCKN NepefaBaTbCs Bpayvy 4vepes
nHTepHet. Xotsa |IOPerfect ewé npoxogut ncnoita-
HWSA, OH UNMOCTPUPYET HanpaefeHne pPasBUTUS:
cosgaHune yaobHbIX cpeacTB Angd 4acToro AoMall-
HEero MOHUTOpUHra rnaykomsl [16].

CmMapT-TeXHONOrMN HaxoaaT NPUMEHEeHue n B
neyeHuu rnaykomsol. NpaAMbIX cMapT-TEXHOMNOMMN
fleyeHns noka HeMHoro, Ho paspabatbiBatoTcA
YCTPOWNCTBA, KOMOUHUpYOLME TepaneBTUYECKUI
adpdeKT ¢ undpoBbIM KOHTporem. MccnenytoTes
NPOTOTUMNbLI CMAapPT-UMMMAHTOB AN 003MpPOBaH-
HOro BbIMycKa NPOTUBOrMayKOMHbIX npenapaTtoB
BHYTPM rfasa Co BCTPOEHHbIM MUKPOYMUMNOM AN
AVCTaHUMOHHOIO ynpasneHus goson. CyulecT-
BYIOT ONEKTPOHHbIE OAaTUYMKU-HAKOHEYHUKM A1
f1IaKOHOB C rMasHbIMKU Kannamu, pukcupyoimne
BPEMSI UHCTUNNSALUMIA, YTO MOMOraeT KOHTPOMNpo-
BaTb MPMBEPXKEHHOCTb NaUMeHTa Tepanumn 1 Hano-
MWHaATb O Kannsax 4epes3 npunoxeHue. XoTs
nogoOHbIe peLleHns Noka He cTanu CTaH4apToM,
Oyaywiee MOHUTOPUHIa rnaykoMbl BUanTCs donee
nepcoHanM3npoBaHHbLIM 1 ynpaBnsaemMbiM Ona-

rogapsi MHTerpauum CeHcopoB U
CBA3W: Bpa4y CMOXET OTCNexu-
BaTb cobrofgeHne Tepanun n uUs-
MeHeHnsa faBneHuns, 6bICTPo Kop-
PEKTUPYS NeYeHne.

Tak, npu rnaykome cmapTt-
TEXHONOrMM 3a4encTBoBaHbl Ha
BCEX aTanax: OT paHHero BbISAB-
neHus 3aboneBaHnsi Yepes MOHU-
TOPWHI NpOrpeccupoBaHmns 4o on-
TMMU3aLMM NevYeHns: nepcoHa-
NN3MPOBaHHbIE PEKOMEHZALMNN 1
KOHTPOMb NPUBEPXKEHHOCTU. ITU
noaxodbl y)Xe HayuMHalT BHen-
pPATbCA W, BEPOSATHO, CyLlecT-
BEHHO W3MEHSAT KrnacCU4eCcKuin
anroputTM BeOEeHUs rnayKkoMbl,
caenas ero 6onee NPoOakTUBHbLIM
N OpPUEHTUPOBaHHbLIM Ha npepa-
oTBpaLleHne HeobpaTnumon note-
p¥ 3peHus.

MobunbHoe npunoxeHue
MyGlaucoma app

Hunsknin komnnaeHc 3avacTyto
ABNAeTCcA Befylwen NpUYnHON
nporpeccupoBaHusa 3abonesa-
HWUA Yy BONbLUMHCTBA NALMEHTOB C
rmaykomon. YpoBeHb MpuBep-
XEHHOCTWN feYeHU0 CcornacHo
MHOTOYMCNEHHBIM MCCneno-
BaHnam BapbupyeT oT 30 go 80%
[17, 18]. ®akTOpbI, BAMAOWME HA
KoMMnaeHc, BKMNYaloT 3abbiB-
YMBOCTb, COLMANbHO-3KOHOMMU-
YeCckun cTaTyc, ypoBeHb obpa-
30BaHMsa MauneHTa, CTOMMOCTb
nedyeHns, ybexageHus OTHOCU-
TEeNbHO 300pPOBbs, COMYTCTBYIO-
Wwne 3aboneBaHns 1 msmyeckoe
coctosiHne nT. 4. [19].

B 2018 rogy Kasaxckum Ha-
YYHO-UCCreaoBaTernbCKUN UHCTU-
TYT rnasHbix 6onesHen Bnepsble
paspaboTtan MobunbHoe npwuno-
»eHune Glaucoma ansa nayveHToB
C LieNnbio NOBbILWEHNSA NX NpUBEpP-
XXeHHocTu neyenuto. B 2025 roagy
npunoxexnune 6bino gopabotaHo
1 0BHOBIEHO.

MpunoxeHne «MyGlaucoma
App» OOCTYNHO AN CKayMBaHUS
Ha nnatdgopmax AppStore n Play
Market Ha kasaxckom, aHrmunc-
KOM N pyccKom gd3blkax (puc.1).
OHO BKIHOMAET HECKONbKO pas-
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penoB. [lepBbl pasgen cogep- LWEH CXeMe NneyveHus, rae naumeHTbl MoryT ycTa-
XWUT MHOPMaLUMIo O rMaykoMe B HOBWUTb rpadpuk exeaHEeBHOro 3akarnblBaHUs Ka-
BYAe 7 BWOEOPOSIMKOB C Npoc- nenb. lNpunoxeHne Takke no3Bonsetr nauneHTy
TbIMU OOBACHEHNSMN CUMITOMOB ~ COXPaHATb AaHHble pe3yrnbTaToB KaXaoro OCMoT-
n ocobeHHOCTEN BedeHus rnay- pa odranbmornora, a Takke uctopuio 3abonesa-
KOMbl, NOArNOTOBMEHHbIX CNe- HUA U redeHus. [locnegHun pasgen coaepXXuT
umManucrtamm-oprtanbMosioraMm  KOHTaKTHble JaHHble odTanbmoriora n yHKUUIo
Kasaxckoro HW rnasHbix 6ones- kaneHgaps, rge nauvMeHT MOXET 3anfiaHupoBaTb
Hen. Cneayrownn pasgen NoCBa-  Cneaylowmnn BUSUT K opTanbMosory.
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PucyHok 1. UHTepdeinc npunoxexHns MyGlaucoma App
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3aknroyeHue

CoBpeMeHHass odpTanbMONorns nepexmnBaeT 3Tan CTPEMUTENbHOW LUNGPOBOWN
TpaHcdhopMaumm. CMapT-TEXHOMOIMMM - UCKYCCTBEHHbIW MHTENNEKT, MOBUNbHbIE NpU-
NOXEHNHA, HOCUMbIE N UMMNNAHTUPYEMbIE CEHCOPbI, TenemMeanuuHckue n obnadHble
nratopMbl yXKe [oKasanvM CBOK [MOMe3HOCTb W NpogorKatoT passuBaTtbed. UA-
CUCTEMbI YNYYLUUIM paHHEE BbiiBIEHE 3ab0neBaHni, pacLUMpUmM 0XBaTt CKPUHUHIa 1
NpUBAN3NAN TOYHOCTbL aBTOMATU3NPOBAHHOW MHTEPMNPETALIUN K SKCNEPTHOMY YPOBHIO.
MobunbHble U TenemeguuMHCKME peLleHUs MOBbICUAN AOCTYMNHOCTb MOMOLLM U
ya06CTBO MOHUTOPUHIA XPOHUYECKNX NaLNEHTOB.

B Gnwxanwwme rogbl N0 Mepe HaKOMNeHUst AaHHbIX, CTaHAApPTM3aunn NPOTOKONOB U
pacwmnpeHunsa perynsatopHon 6asbl MOXHO oxuaatTb ©onee rnybokon WMHTerpauunm
CMapT-TEXHOMNOIMIA U ANCTAHLMOHHOIO MOHUTOPUHIa B KIMHUYECKYHO NpakTuky. Llenb
BCEX 3TUX MHHOBALMI OCTAaéTCA HEU3MEHHOW: Bonee paHHAA AnarHocTuKa, CBOeEBpe-
MeHHasi Tepanund, npeaoTBpaLleHne CnenoTbl U MOBbILIEHNE KadecTBa XU3HW nauum-
€HTOB.
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PE3IOME

CmapT-TexHonormm B optanbMonormm: COBpeMEHHOE COCTOSAHNE
N NEePCrneKTUBbI Pa3BUTUSA
)K.O. Canrnnbaesa, E.K. lacaHoB

CMapT-TEXHONOIMM 3aHANU NPOYHOE MECTO B COBPEMEHHOM odTanbMonoruu,
[ONONHAS TpaAULUMOHHbIE METOAbl M MoBbilwas 3pdEKTUBHOCTL nomolmn. x ponb
ocobeHHO Bo3pocna Ha ¢oHe MUPOBOro CTapeHusi HaceneHus U HepocTaTka
ohTanbMonoroB B oTAaneHHbIX permoHax: HoBble AUCTaHLMOHHbIE MOAENV NO3BONSAIOT
oxBaTuUTb GomblUe NauMeHTOB W npeoaosieTb reorpaduyeckne Gapbepbl. B gaHHOM
0630pe paccmMaTpuBalOTCSA KIHOYEBbIE HAMpaBeHUs1 Pa3BUTUS CMapPT-TEXHOMOMMI B
ohTanbMonorMn: NPUMeHeHNe NCKYCCTBEHHOTO MHTENNeKTa (MalwmnHHoe obyyeHune U
CUCTEMbI NOAAEPXKKN KIMHUYECKUX PELLEHUIA), MOBUbHBLIE MPUIOXEHUS ANt KOHTPOIS
M MOHWUTOPWHra Mpu frnaykoMe, a Takke OOCY)XAarTCA KMMHUYEcKasi 3HaYMMOCTb,
TOYHOCTb, HAAEXKHOCTb STUX TEXHOIOMMIA, U NEePCMNEKTMBbLI UX Pa3BUTHUS.

KntoyeBble crnoBa: CMapT-TEXHOMOIMMU, WUCKYCCTBEHHbIN WHTENNEeKT, MOOWIbHble
NPUNOXeHUS, rmaykoma.

T¥XKbIPbIM

Odranbmonornagarsl CMapT-TeEXHoNoruanap:
Kasipri >xarganbl XXaHe Jamy nepcnekTueanapsbl
)K.O. CaHrnnbaesa, E.K. lacaHoB

CwmapT-TexHonorusnap 3amaHayu odtanbmonorusga 6epik OpbliH anbin, AacTypni
agicTepdi TONbIKTbIPbLIN, MeAUuUHanblK KeMeKTiH TuiMainiriH apTTeipyda. OnapabiH
MaHbI3bl 8JfIeM XallKblHblH KapTal XaHe Lwanfan ammakrapga odranbmornior
MamMaHZapablH XeTicneyLwiniri >xaraanbiHaa epekLue ecTi: KalbIKTaH KepCeTineTiH XaHa
MeauUnHanbiKk Mogenbaep nauneHTTepAiH KEH ayKbIMbIH KAMTYFa XXoHe reorpadoussbik
Kedeprinepai eHcepyre MyMkiHAik 6epeai. Ocbl Wwony makanaga odranbMonornagarbl
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CMapT-TexXHonoruanapablH 4aMyblHbIH HETi3ri 6aFbITTapbl kKapacTblpbliagbl: XXacaHgbl
WHTENNEKTTI KongaHy (MaluvHanblK OKbITY XXOHE KNMHWMKanbIK wwewiMm kabbingayabl
Kongay >kymenepi), rmaykomaHbl 6akblnay MeH MOHWUTOPWHIKE apHanfaH mobunbgi
KocbIMLIanap, coHgan-aK atanfaH TexHonorumsnapabiH KNMHUKanbIK MaHbi3gbiibifbl,
Aangiri, ceHimainiri MeH gamy nepcnekTnBanapbl TankbinaHagbl.

TyniH ce3pep: cmapT-TeXHoNnoruanap, xacaHabl MHTENNEKT, Mobunbai KocbiMLanap,
rnaykoma.

SUMMARY

Smart technologies in ophthalmology: current status and development prospects
Zh.O. Sangilbayeva, E.K. Gassanov

Smart technologies have become an integral part of modern ophthalmology,
complementing traditional methods and improving the efficiency of eye care delivery.
Theirimportance has increased particularly in the context of global population aging and
the shortage of ophthalmologists in remote regions, as new remote and digital care
models enable broader patient coverage and help overcome geographical barriers. This
review addresses the key directions in the development of smart technologies in
ophthalmology, including the application of artificial intelligence (machine learning and
clinical decision support systems), mobile applications for glaucoma monitoring and
control, and discusses the clinical relevance, accuracy, reliability, and future

perspectives of these technologies.

Keywords: smarttechnologies, artificial intelligence, mobile applications, glaucoma.

SMART TECHNOLOGIES IN OPHTHALMOLOGY: CURRENT STATE

AND DEVELOPMENT PROSPECTS

Zh.O. Sangilbayeva, E.K. Gasanov
Kazakh “Badge of Honour” research Institute of eye diseases, Almaty

Introduction

Smart technologies in ophthalmology comprise
a set of modern digital solutions ranging from
artificial intelligence (Al) and machine learning to
connected devices, mobile applications, and
telemedicine platforms aimed at improving the
diagnosis, monitoring, and treatment of ocular
diseases. In recent years, the use of such smart
technologies in ophthalmic practice has grown
rapidly, facilitated both by advances in teleme-
dicine and by the challenges posed by the recent
COVID-19 pandemic [1]. Smart devices enable
remote monitoring of key visual functions, as well
as disease signs and symptoms, thereby expan-
ding patients' access to care beyond clinical
settings. Portable gadgets and wearable sensors
(wrist-based, spectacle-mounted, contact-lens-

based, etc.) have emerged, along
with numerous smartphone appli-
cations that facilitate screening
and self-monitoring of vision. At
the same time, artificial intelli-
gence and big-data analytics are
paving the way toward personali-
zed ophthalmology, from automa-
ted disease recognition in medical
images to prediction of treatment
outcomes [2].

Artificial Intelligence in Oph-
thalmology

Artificial intelligence in ophthal-
mology encompasses machine
learning algorithms (including
deep neural networks) capable of
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analyzing medical data and ocu-
lar images to detect pathologies,
predict disease course, and sup-
port clinical decision-making. The
most rapid progress has been
achieved in deep image analysis:
modern neural networks are trai-
ned on large datasets of high-
quality images and reach diag-
nostic accuracy comparable to
that of expert clinicians [2].

It is important to note that arti-
ficial intelligence in ophthalmo-
logy does not function auto-
nomously but necessarily opera-
tes in conjunction with the physi-
cian, serving only as a clinical
decision-support tool. Algorithms
can rapidly process large image
datasets and flag suspicious
cases for review; for example, in
diabetic retinopathy screening
programs this increases cover-
age and efficiency, enabling iden-
tification of more patients at early
disease stages [3-5]. Overall,
artificial intelligence has already
demonstrated clinical significan-
ce in ophthalmology, and as data
accumulation and model refine-
ment continue, it is expected to
become an integral component of
standard eye care.

Mobile Applications and
Teleophthalmology

Mobile and cloud technologies
are rapidly penetrating ophthal-
mic practice, expanding the capa-
bilities of both physicians and
patients. The widespread global
use of smartphones across nearly
all age groups has led to the
emergence of numerous
specialized mobile applications.
Some are designed for home-
based vision testing (visual acuity
assessment, color vision testing,
contrast sensitivity, Amsler grid
testing, etc.). Many of these
applications have undergone cli-
nical validation and demonstrate
good comparability with conven-

tional methods. Other applications assist visually
impaired patients in daily life (navigation tools,
magnifiers, text-to-speech systems, etc.), thereby
increasing their autonomy [6]. For clinicians,
mobile reference tools, guidelines, and remote
access solutions for diagnostic equipment are
available.

Particularly significant are applications that
transform the smartphone into an examination
instrument. With inexpensive attachments, the
phone camera can function as a portable ophthal-
moscope or slit lamp, enabling photography of the
anterior segment and fundus. Smartphones can be
easily mounted onto slit lamps and even OCT
scanners, allowing real-time display of ocular
structures and storage of images for further
analysis [7].

The advantages of such solutions include
portability and accessibility, which are particularly
valuable during outreach examinations, school
screening programs, and in remote areas. The
acquired images can be transmitted via mobile
internet or Wi-Fi to specialized centers, where
ophthalmologists can promptly evaluate them.
Thus, the smartphone has become an important
component of the teleophthalmology system,
linking the patient at the “periphery” with the expert
atthe center.

Teleophthalmology, a branch of telemedicine, is
increasingly used for remote ophthalmic care
delivery. It includes both asynchronous techno-
logies (“store-and-forward”), in which patient data
(e.g., images) are transmitted to a specialist and
analyzed later, and synchronous approaches, such
as live video consultations and remote presence.
Teleophthalmology has achieved its greatest
success in retinal disease screening. In many
countries, remote diabetic retinopathy screening
programs have been established: fundus images
are obtained in primary care settings and
transmitted via the internet to ophthalmologists or
automatically analyzed using Al algorithms [8].
This approach has proven effective and is now
considered standard practice in many regions for
large-scale patient coverage.

Beyond retinal pathology, telemedicine is being
implemented in other areas of ophthalmology.
Virtual clinics for glaucoma and cataract manage-
ment are being established, where routine follow-
up examinations (visual acuity measurement,
intraocular pressure assessment, optic nerve head
imaging, visual field testing) are performed by
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technicians or devices, after which the ophthalmo-
logist remotely reviews the results and determines
management strategy. This reduces the burden on
in-person visits and improves patient convenience.
Teleophthalmology was widely adopted during the
pandemic, when a substantial proportion of
consultations shifted to a remote format [9-11].
The pandemic that occurred three years ago acted
as a catalyst, increasing acceptance of telemedi-
cine among both physicians and patients, and it
has now firmly established itself as part of a hybrid
model of care delivery.

Smart Technologies in Glaucoma

Glaucoma, a progressive disease leading to
irreversible blindness, is particularly relevant for
the implementation of smart technologies because
it requires both early detection and continuous
patient monitoring. Traditional diagnostics -
specifically intraocular pressure measurement,
optic nerve head evaluation, and perimetry depend
on physician interpretation and are temporally
irregular, especially in patients with poor adheren-
ce to hypotensive therapy. Smart technologies aim
to make diagnostics more objective and treatment
continuous.

In addition to Al-based analysis, devices for
monitoring intraocular pressure (IOP) - the key
factor of the disease are of particular importance in
glaucoma management. Because |OP is subject to
circadian fluctuations and episodic spikes, single
measurements obtained in the clinic provide
limited information. In recent years, innovative
solutions for continuous IOP monitoring have
emerged. One of them is the implantable sensor
Eyemate (Implandata, Germany), a miniature
electronic pressure sensor implanted into the
patient's eye. This technology has been validated
in clinical studies, received approval for use in
Europe, and obtained FDA Breakthrough Device
designationin 2021.

The sensor is placed either in the ciliary sulcus
during cataract surgery or in the supraciliary space
during glaucoma surgery and remains perma-
nently in the eye. It contains no batteries; power is
supplied wirelessly from an external reader that the
patient holds to the eyelid. Upon activation, current
pressure data are automatically transmitted to an
external receiver and then to a secure cloud
database. This enables monitoring of the patient's
IOP profile over hours, weeks, and months. The
physician has access to an online monitoring
dashboard displaying graphical pressure fluctua-

tions and trends, with configu-
rable alerts when target levels are
exceeded.

Clinical trials have demonstra-
ted that long-term use of Eyemate
is safe and that the data correlate
well with measurements obtained
using standard tonometers [12]. A
large number of measurements
improves prediction of progres-
sion risk by capturing nocturnal
and episodic pressure peaks.
Developers are also advancing
integration of Al analytics to
automatically interpret large IOP
datasets together with clinical
parameters and assist in treat-
ment optimization.

Prior to the advent of implan-
table sensors, and still in current
use, wearable IOP monitoring
devices were developed, a promi-
nent example being the Sensi-
med Triggerfish contact lens. This
is a soft contact lens with an
embedded strain gauge that de-
tects changes in the circumfe-
rence of the eyeball occurring
during fluctuations of intraocular
pressure. The lens connects to a
periorbital antenna receiver,
through which data are trans-
mitted to a portable recording
device.

The system enables continu-
ous ambulatory recording of the
IOP profile over 24 hours,
including nighttime, with measu-
rements taken every 5 minutes.
Although the lens does not pro-
vide absolute IOP values directly
(data are recorded in arbitrary
units), the fluctuation pattern and
timing of peaks assist clinicians in
identifying patients at risk of
progression [13-15]. In studies,
Triggerfish demonstrated accep-
table safety: most patients experi-
enced only minor adverse effects
such as tearing and conjunctival
hyperemia, which resolved after
lens removal.
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Another example of emerging
technologies in glaucoma mana-
gement is home tonometry. For
several years, portable tonome-
ters enabling patient self-measu-
rement of intraocular pressure
have been used, for example,
iCare Home. Recent develop-
ments aim to make the process
more convenient and less depen-
dent on patient skill.

For instance, the |OPerfect
prototype is a forehead-mounted
module that measures IOP non-
contactly using a short airimpulse
directed at the cornea and a video
camera registering tissue
response. The device does not
require anesthesia and is less
dependent on corneal thickness,
while the data can be automati-
cally transmitted to the physician
via the internet. Although I0OPer-
fect is still undergoing testing, it
illustrates the direction of deve-
lopment: creation of convenient
tools for frequent home monito-
ring of glaucoma[16].

Smart technologies are also
being applied in glaucoma treat-
ment. Direct therapeutic smart
technologies remain limited, but
devices combining therapeutic
effects with digital control are
under development. Prototypes
of smart implants enabling
controlled intraocular release of
antiglaucoma medications with
an integrated microchip for re-
mote dose adjustment are being
investigated. Electronic sensor
caps for eye-drop bottles also
exist; they record instillation
times, helping monitor treatment
adherence and providing remin-
ders via a mobile application.
Although such solutions have not
yet become standard practice, the
future of glaucoma management
is expected to become more
personalized and controllable
through integration of sensors

and connectivity: physicians will be able to monitor
adherence and pressure changes and rapidly
adjust therapy.

Thus, in glaucoma care, smart technologies are
involved at all stages from early disease detection
and monitoring of progression to treatment
optimization through personalized recommen-
dations and adherence control. These approaches
are already beginning to be implemented and are
likely to substantially transform the classical
glaucoma management algorithm, making it more
proactive and focused on preventing irreversible
vision loss.

My Glaucoma App mobile application

Poor compliance is often the leading cause of
disease progression in most glaucoma patients.
Treatment adherence rates, according to
numerous studies, range from 30% to 80% [17, 18].
Factors influencing compliance include forgetful-
ness, socioeconomic status, patient education
level, treatment costs, health beliefs, comorbidi-
ties, and physical condition, among others [19].

In 2018, the Kazakh Research Institute of Eye
Diseases first developed the Glaucoma mobile app
for patients to improve treatment adherence. In
2025, the app was updated and finalized.

The My Glaucoma App is available for download
on the AppStore and Play Market in Kazakh,
English, and Russian (Fig. 1). It consists of several
sections. The first section contains information
about glaucoma in the form of seven videos with
simple explanations of glaucoma symptoms and
management, prepared by ophthalmologists from
the Kazakh Research Institute of Eye Diseases.
The next section is dedicated to the treatment plan,
allowing patients to set a schedule for daily eye
drop administration. The app also allows patients
to save the results of each ophthalmologist
examination, as well as their disease and treatment
history. The final section contains the ophthalmo-
logist's contact information and a calendar func-
tion, allowing patients to schedule their next
appointment.
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Conclusion

Modern ophthalmology is undergoing a phase of rapid digital transformation. Smart
technologies: artificial intelligence, mobile applications, wearable and implantable
sensors, telemedicine and cloud platforms - have already demonstrated their
usefulness and continue to evolve. Al systems have improved early disease detection,
expanded screening coverage, and brought automated interpretation accuracy close to
expert level. Mobile and telemedicine solutions have increased accessibility of care and
convenience of monitoring for patients with chronic conditions.
In the coming years, as data accumulate, protocols become standardized, and
regulatory frameworks expand, deeper integration of smart technologies and remote
monitoring into clinical practice can be expected. The overarching objective of these
innovations remains unchanged: earlier diagnosis, timely therapy, prevention of
blindness, and improvement of patients' quality of life.
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maykoma gBngeTtca O4HOW M3 OCHOBHbIX
npobnem B odTanbMonoru, nNpMBoaaALWNX K
CHUXEHUIO 3peHns n HeobpaTumon cnenote. o
AaHHbiM BO3, B HacTosilee BpemMsi B Mupe
nmeetrca okono 105 mnH. nuu, 60nbHbLIX rnay-
KOMOW, U3 HMX crienbix Ha oba rmasa - 9,1 mnH.
Maykoma - 3TO HeWpoaereHepaTuBHoe 3abone-
BaHMe C MHOXeCTBOM (PaKTOpOB, KOTOPOE Xapak-
Tepusyetcsa 6bICTpon, HeobpaTMMO nporpeccu-
pylowen onTUKoHemponaTtnen, 3HaduTenbHoOMn
notepen nonen 3peHuss n ObICTpon rmbenbto
raHrnmosHbix krnetok cetyatkn (FKC). Cpegu
MHOXecTBa (paKTOPOB BblAeneHbl OCHOBHble
MexaH3Mbl HenpogereHepaummn:

» bnokaga peTtporpagHoro
TpaHcnopTa HeMPOTPOPUYECKOIo
dakTopa mosra (bPM)

+ Komnpeccna akcoHoB — ak-
coHonatus

» [IncdyHkumnsa actpounToB

* [loBpexgeHne MUTOXOHA-
puanbHon AHK (mtDNA)

* [loTepss MUTOXOHOPWIN B aKCO-
Hax

* Boicokass aHepreTu4deckas
noTpebHOCTb B peTUHalbHbIX
raHrnuMosHbix knetkax (PrK),
nedovunt ATO
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* [loBbllEeHME BHEKMNETOYHOro
rmytamara, nNpuMBOAsLLEE K IK-
CaNTOTOKCUYHOCTU C MoBpexae-
HMEeM 1 rmbenbo HEMPOHOB N3-3a
Ype3MepHOro Bo30yXaeHWs, Bbl3-
BaHHOro n3bbITKOM Henpomeama-
TOPOB (MPEeUMYLLLECTBEHHO rMnyTa-
MaTa) B MOHOTPOMHbIX rnyTamar-
HbIX peuenTtopax (NMDA-peuen-
TOpbl). TO NPUBOANT K Neperpys-
Ke KNeToK MOHaMM KanbLnsg, akTu-
BaUUN paspyLiarowmnx gepmeH-
TOB W 3anycKy NporpaMMmnpyemMon
rmbenu kneTok - anonto3y PIK.

* HakonneHune cBobogHbIX pa-
AVKannos

* NO-3aBucumMoe noBpex-
AEHNe, NepeKkncHoOe OKUCIeHne
nunngos membpaH

* AkTmBauus mukpornumn (Lin-
TokuHbl: TNF-a, IL-18, Komnne-
MeHT C1q) npuBOOUT K XPOHWU-
YeCcKOMY CyOKNMMHMYECKOMY BOC-
nanexHuto.

BO MHOrnx KpymnHbIX MHOro-
LEHTPOBbIX MUCCrefoBaHUAX Obl-
N0 nokasaHo, YTO CHUXeHune
BHyTpurnasHoro gasnenus (Bra)
4YacTo He npefoTBpallaeT rnay-
KOMHYIO ONTMKOHENPONaTULO, YTO
cBMaeTenbCcTByeT O Heobxoau-
MOCTU WCCneaoBaHus U paspa-
BGOTKM HOBbIX MpenapaToB, Oka3sbl-
BalWNX HENPOMPOTEKTOPHOE
AencTBne Ha nepunanunnspHole
HepBHble BonokHa u KC, noa-
TOMY NpW NevYeHUn rnaykombl
HeobXxo4MM KOMMMEKCHbI noa-
XOA, BKIIHOYAOLWMIA KaK FUMNOTEH-
3UBHYIO, TaK U HenmponpoTek-
TOpHYt Tepanuto. Henponpo-
TeKUUs Npu rnaykome — 310 KoMn-
nekc Mep, HanpaBfeHHbIX Ha
3alMTy FaHrNMOHapHbIX Kne-
TOK CeTYaTKu U 3pUTEeNbLHOro
HepBa OT rnb6enu, 3amegneHue
HeupoaereHepaumm n coxpaHe-
Hue pyHKumMn. OHa gononHseT
rMNOTEH3UBHYK Tepanuio,
BKITKOMAsA MCMorb3oBaHue npena-
paToB C 3alUNTHLIM 3GDOEKTOM,
AHTUOKCMOAHTOB, yny4dlweHune

KpOBOTOKa U TpebyeT KOMOMHMPOBAHHOIO, UHAN-
BMAyanbHOro nogxoaa.

Y naumeHTOB C rraykomMou pasnuyatoT 4 pasHble
CTeneHn N3MeHeHNs aKkCOHOB:

1) norn6Lumne okoH4aTenbHo (6e3803BPaTHO);

2) cocTpow (hasom paspyLLEeHUs;

3) C HayanbHbIMU OUCTPOPUYECKUMUN NU3MEHE-
HUAMK, KOTOpble ABMAKTCA ObpaTUMbIMKU NpuU
yCTpaHEHUM NPUYNHBI;

4) HeM3MeHeHHbIE aKCOHbI.

MpenapaTbl, OKasbiBawWmMe HENPONpPOTeK-
TUBHOE [OeWCTBMEe, KakK NpaBufo, yYMeHbluatoT
ancTpodunyeckme U3MeHeHna B TpeTbeun rpynne
aKCOHOB, 3alULIAT UX CTPYKTYpY, ynydwaroT
TPOOUKY U MUKPOLIMPKYNALMIO TKaHen, a Takke
CTabMnmM3npyoT peosnornio KPoBM.

Cpean HenmponpoTeKTOpPOB BbIAENSAT npena-
paTtbl Kak NpsiMOro, Tak M HeNnpsIMOro MexaHu3ama
aencteus. NepBUYHBbIE UNK NPSAMbIE HEMPONPO-
TEKTOPbI BNUSAIOT Ha NPepbIBaHNE NLLEMUYECKOTO
Kackaga Ha nepsov ctagumn. K HUM OTHOCATCS
BellecTtBa, 6nokupyowmne NMDA-peuenTopbl 1
aHTaroHUCTbl MOTeHLUMan3aBUCUMbIX KaHanoB
Kanbumsa (MeMaHTUH, HUTPOCYAWs, HUMEAUNUH,
HAMOOWNWUH, OunTuaseMm, LepebpokacT), Tak Kak
rMaBHbIM MYCKOBbIM MOMEHTOM HEKPOTUYECKOM
rméenn HENWpOHOB MNpPWU rnaykome sBnseTCH
rnyTamaTHas 9KCanTOTOKCUYHOCTb.

Mpn obpasoBaHun cBobOAHLIX paguKanos
nponcxogut HeobpaTMmoe TOKCMYeckoe nopa-
XXEHMe ceTyaTKu, YTO BblpaXKaeTCs B MOBPEXOAEHUN
MoneKkyn 6enka u HyKnemHoBbIX KNCNOT. QpdeKT
BTOPUYHbIX HEMPOMNPOTEKTOPOB HanpasneH Ha
npepbiBaHMe MNO34HUX MeXaHU3MOB rundenu
HelpoHOB. K BTOPMYHbLIM HenpornpoTekTopam
OTHOCATCSA aHTUOKCUOAHTLI (TOKoeporn, pekcoa,
rMMCTOXPOM, TaHakaH, Mekcugon, koaHsnum Q10,
UMTUKOMWH, TMHKro 6munoba, HUKOTMHaMma), aHTu-
rmaykoMHble npenapaTbl C HENNPOTEKTOPHbLIM
penctenem (betakcanon, nataHonpoct, 6pumu-
HOOWH), nenTuaHble Guoperyndatopbl (peTuHana-
MUWH, KOPTEKCUH) U HenponenTuabl (Cemakc).

Ha ctagun nccnenoBaHnsa v BHEOPEHUSA B COB-
PEMEHHbIX YCIOBUAX - FTEHHAst UHXEHepus, neve-
HWEe CTBOMOBbLIMW KIeTKamu, pegakTMpoBaHWe
MWUTOXOHOPUN, NeYeHue HenpoTpodPu4ecKumm
drakTopamu.

OoHMM 13 aKTUBHO NPUMEHSEMbIX AHTUOKCU-
AaHToB B HeunponpoTtekumn asnsetca LLNTUKO-
JINH, KoTopbIn sBnsieTca ecteCcTBEHHbIM, (OU3NO0-
NOrMYECKUM 1 OCHOBHbIM NPeALLECTBEHHUKOM Npw
cuHTEe3e doconunnaoB HenpoHarnbHbIX MeMb-
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paH. ObecneynBaeT CTPYKTypHOE BOCCTaHOBIe-
HWe LenoCTHOCTU NOBPEXAEHHbIX MeMOpaH HepB-
HbIX KINETOK, ABNsieTCs (akTOpoOM pocTa HEPBHbIX
BOSIOKOH 3pUTENBbHOrO HepBa nNpu aereHepaTus-
HbIX odpbTanbmonormdecknx 3aboneBaHmaX, Takmx
Kak rnaykoma, ontuyeckas rnaykomaTto3Has
HenponaTus, MWeMnsa gucka 3puTenbHOro HEpBa,
a TakKe U3MEHEHUS rNa3Horo AHa, CBA3aHHble C
caxapHbiM anabetom, Al (aHrmonartusi, aHrmo-
CKnepos, petuHonatums). LIMTMKonnH npoHnkaeT B
nepeaHio Kamepy rnasa n nocpeacTsom auday-
3UM 4Yepes3 CTEKNIOBMOHOE Teno M yBeocCKne-
panbHOe MPOCTPAHCTBO AOCTUraeT CeTyaTKu U
Aucka 3putenbHoro Hepsa. B PK aktnBHo npume-
HAIOTCA ABa Npenapara, coaepkalwme LUTUKOSNH:
OMK 1 n OMK 2, B coctaB KoTOpbIX BXoauUT 2%
unTtnkonuH, 0,2% rnanypoHoBas Kucnota n Buta-
MuH B12 (OmK2), npousBoguternem npenapaTos
sBnsieTca komnanus «Omicrony», Utanua. C 2025
roga B PK npeseHTOBaHa v 3apernctpuvpoBaHa
HoBasa onuma npenapata - VIS neurox LF (B
EBpone - OMK-LF).

B otnnumne ot OMK B cocTaB BKM4YeHa nnm3o-
comMarnbHasi popmMmyna Ans nyywen npoTekumm
rnasHom NOBEPXHOCTMU.

Mpobrnemam HenponpoTeKumMn rnaykombl Gbina
nocedweHa MexayHapogHaa KOHdepeHuus B

Pume, koTopas npoxoguna 18-19 centabpsa 2025
roga «Glaucoma a Brain R Disease: 2025. An
Evidence Based pathway through Physio-
pathology, Clinical Evidence, Therapeutical Reco-
mmendation and Future Perspectives on Neuro-
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MepBbIt AeHb KOHdEepeHuMn Obin nocBsiweH
HOBbIM pa3paboTkam B naTtoreHese, fevYeHun U
HEeMponpoOTEKLMN rMaykoMbl, Oblfiv Npe3eHToBaHbI
HoBble dpopMmbl Npenapata OMK B Buge nusoco-
ManbsHon onuun OMK-LF v onuuu npenapata gns
npumeHeHns BHyTpb Neukron Ofta mese (uutu-
konnH) KRON (UMTUKONWH MAOC HUKOTUHaAMUA)
ANS NpoBefeHUs KOMMMEKCHOM HenponpoTek-
TOpPHOWM Tepanuu. BeiCcTynueBlune mnccrnegoBaTenu

protectiony.

MecTo npoBegeHus KoHde-
peHuun - Bunna Mwanu, pacno-
NnoXeHHasi Ha BbICOKOM XOnMme C
Bngom Ha Pum u BaTtukaH.
NTanbsiHCKoe rnaykomHoe o06-
LLeCTBO ABMSAETCH OAHUM U3
nnpepoB B obnactu uccne-
AOBaHWA naTtoreHesa, Henpo-
NPOTEKUUN B NEYEHUN NayKoMbl,
noatoMy 0630p nocnegHux Ooc-
TUXEHUN UTaNbSHCKUX rnay-
KoOMaTonoroB npegcrasnser
OYeHb BaXHoe 3HavyeHue ang
NPaKTUKYOLWNX 0TarbMOSIOroB
W Hay4yHbIX mMccrnegoBaTenen B
EBpone n 3a ee npegenamu.
Tema KoHepeHuun «[Mnaykoma
Oone3Hb MO3ra» Kak Henb3s
nyJdwe packpblBaeT OCHOBBbI
HenpoaereHepaTuBHbIX M3MeEHe-
HWIA NpW rnaykome u nyTu peLue-
HUS ona nedyeHusi. Mopeparo-
pamMy M Hay4yHbIMKU KOoOpAWuHa-
TOpaMn KOHMEPEHUUN SABUIUCH
Begywme npodpeccopa rnayko-
maronorn Utanum v Esponbl: T.
Avitabile G., Marchini S., Miglior
F., Topouzis, G., Manni L.,
Rossetti L., C.E. Traverso, J.M.
Martinez de la Casa, F. Bandello
F.Bandello, L. Manconi v ap.

OONOXUIN paHHWE 1 OTAANeHHble
pe3ynbTatbl paH4OMU3MPOBaH-
HbIX MCCnegoBaHM MO NpoBe-
OEHUNI0 KOMMJSIEKCHOMW HEenpornpo-
TEKTOpPHOM Tepanuu npenapa-
Tamu, rge OencTByloLlee BeLecT-
BO - LUMTUKOIWH.
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Mitochondria; the power station

Bce aBTOpbl OTMETUNU, 4YTO
nposefeHne HenpornpTeKTOpHOMU
TepanuuM B KOMMJIeKce C npume-
HEeHVeM npaBUIIbHbIX 403UPOBOK
AaeT BblICOKMe pesyrnbTaTbl Mo
cTabunmsaumm rnaykoMHOro npo-
uecca, obecneymBaeT BO3MOX-
HOCTb HaLLMM NaumeHTam BbInon-
HATb GonbLlon ob6bem paboThl B
npodpeccnoHanbHon n 6bITOBOM
ccepe, noBbIlLIaAeT Ka4yecTBO
Xu3HKU. Takke Ha KOHepeHuun
ObINO npeacTaBneHo HoBoe 6-e
nsgaHne Esponenckoro ranga no
rnaykome. PaccmoTtpeHne npob-
nem nartoreHesa, MUTOXOHA-

puanbHOM OUCYHKUUK, Henpo-

MicroShunt design

t compeoto da wn golirmero
hotempatibde, derominato
s

Principin di Aunsionsmento
weonds la legpe & Hagen.
Pl

T ]

KoHbepeHuma npoLuna Ha Bbl-
COKOM Hay4HOM M 3MOLMOHarb-
HOM ypoBHe. WccrnegoBaHus,
Nnpe3eHTOBaHHble Ha KOHMepeH-
UMW, noaBenu [oKasaTesnbHYIo
6asy 0 HeobxoaAMMOCTU KOMI-

STEMIC treatment

NPOTEKTOPHOM Tepanuu BbINo NPOAOIKEHO U Ha
BTOPON AOeHb KOHgepeHuunun. BTtopas 4vacTb
ceccum 9Toro AHs Gbina nocesiLeHa BONpPOcaM
XUpyprum rnaykombl. B goknagax u3BeCTHbIX
€BPONEeNCKUX N NTaNbAHCKNMX oPTarbMOX1PYPros
Oblnn ocBelleHbl NpeumyLllecTBa U npobnemsol
pasHbIX NOAXOL4OB B XWUPYPruu rnaykombl Ha
COBpeMeHHOM 3Tane: onepauuun ab externo n ab
interno, knaccuyeckon TpabeKynakToMum,
rmyboKon CKNnepoTOMWUU, MUKPOMHBA3UBHbIX
BMeLlaTenbCcTB. Heckonbko BbICTYNNEHUn 6binu
NOCBALWEHbl OPEHAXHOW XUPYPruu rraykombl,
npeacTaBneHbl OTAaneHHble pesynbraTtbl npumMme-
HeHus ab interno 1 ab externo HOBbIX ApeHaxen n
LWYHTOB, Takmx kak Gelatin Microshunt 45, XEN-gel
stent, Preser Flo microshunt.

NEeKCHON Tepanum nauueHToB C rnaykomowm,
BKtOYaOLLIEN TUMNOTEH3UBHOE MEOMKAaMEHTO3HOe
N XUPYPrnuyeckoe fieyeHne B COMETAHUN C HENPO-
NPOTEKTOPOM, BO3L4ENCTBYIOLWMM Ha HECKOMbKO
pPasnuUyHbIX MONEKYNSAPHbIX HENPOTOKCUYECKNX
MeXxaHN3MOB.
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NAMATU MYCTA®UHOMN XKAHAP TABUOEHOBHbI

T

26 viona 2026 r. ucnonHsaetcsa 90 neT co AHA poXAEHUS BblOaOLLEroca y4eHoro-
oTanbmonora, 3acrnyxeHHoro Bpada KasaxcTaHa, obwlecTBeHHOro gedatens -

MycTaduHon XXaHap MabngeHOoBHbI.
YKanap NabungeHoBHa pogunack B . HoBocnbupcke B cembe HapogHoro nucatens

KasaxcTtana NabuaeHa MyctadumHa, roe oH Haxoguncs B TOT Nepuog B CBA3M € paboTou
B pepakuun. OkoHumB AnmatuHckui locygapctBeHHbin MeanumHckum WHCTUTYT
nmenn C. AcdeHgusapoBa, XaHap abugeHoBHa cBsidana CBOK XWU3Hb C
ogoTanbMorormen n BCo TpyaoByto buorpaduio Bpaya nposena B cTeHax Kasaxckoro
HUW rnasHbix ©onesHen, nponas nyTb OT MAaglero Hayy4yHoro coTpygHuka Ao
MouyeTHoro aupektopa. B ueHTpe BHUMMaHua XaHap abuoeHoBHbI Bcerga Gbinu
MOnoable Bpayu, Hay4Hble COTPYAHUKM - Byayuiee OoTe4eCTBEHHON O0dTarbMOMOrnu.
LLnpokun kpyrosop n npodeccrmoHannam, BbiICOKMe MoparibHble Ka4ecTBa No3Bonnu
XKanap MabnaeHoBHe co3gaTb CNOYEHHbIN KONMEKTUB B rNA3HOM UHCTUTYTE, @ MHOTMe
ero ObIBLUME COTPYAHMKM 3aHMMaKT NUAMPYHOLME NO3ULMM B BEAYLUMX KIMHUKAX
CTpaHbl.
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Byay4un ponrve rogsl rMaBHbLIM BHELLTATHBIM OPTanNbMONOrom, OHa cama NoCTOAHHO
Bble3xana B OTAaNeHHble pernoHbl Pecny®bnuku, KOHCynbTMpoOBana COXHbIX
naumeHToB, NOMorana pelartb HernpocTble OpraHM3aLMOHHbIE BOMNPOCHI HAa MeCTax.
XK.I. MyctachmHa BHecna 6onblUON BKNag B OTEYECTBEHHYH OTanbMONIOrMyeckyto
HayKy, 6blnia pyKoBOAMUTENEM U KOHCYNBTaHTOM MHOIMX Hay4HbIX paboT, n bnarogaps ee
ycunuam 6bin oTKpbIT Crneunann3mpoBaHHbIM COBET NO 3aliuTe KaHOMOaTCKUX
aucceptaumm Ha 6ase rmasHoro UHCTUTYTa. OCHOBHBIM HayYHbIM HamnpaBrieHMeM
aedatenbHocTn XKaHap MabuaeHOBHbI cTana rnaykoMa - ogHa M3 OCHOBHbIX MPUYKH
HeobpaTtmmon cnenoTbl. bnarogaps TeCHbIM CBSA3IM C POCCUNCKMMM OddTanNbMoioramm
- akagemukamu A.ll. HectepoBbiMm, E.A. EropoBbiM Gbinia co3gaHa oTeyecTBeHHas
Hay4Has rnaykomMHas LWKona, sawmiLeHsl oyt 40 KaHOMAaTCKUX U JOKTOPCKNX paboT.

Ocoboe BHuMaHue >KaHap [abuaeHoBHa Bcerga ygenana mMexayHapogHbIM
ceasaMm. bnarogaps atomy B Henpoctble 90-e rogbl 6bin peanu3oBaH NapTHEPCKUN
MPOEKT C KATANCKOM OPTaribMOsIOrMyeckon KrnMHUKon, a Takke Bnepsble B CHI Ha
Tepputopun anmaTtuMHCKOro asponopTta 6bina pasBepHyTa paboTta «netarowiero
rocnutans» B pamkax nporpammsl Orbis International.

Byayun gupektopom rnasHoro mHctutyta Xanap abupgeHoBHa siBnsnach
3aBenytoLen kadpeapon rmasHbix 6onesHen. bnarogapsi ee xapuame 1 HezabbiBaeMbIM
nekunmsaMm MHoOrme CTyAeHTbl CBf3ann CBOK XWU3Hb C odranbmonornen. bbiTb
HaCTaBHMKOM - 3TO Bedb HE TONbKO Oonbluas OTBETCTBEHHOCTb, 3TO M HacToslLee
npuasaHune. Alma mater Harpaguna XKaHnap abuageHoBHY mMeganaMu MMEHM
ocHoBartens yHuBepcuteta CaHxapa AcceHansapoBa, ABULEHHBI.

3aHnMasa aKkTUBHYH rpaXgaHckyo no3uuuio, XXanap MabugeHoBHa Obina YneHom
aHTuagepHoro aAsmxeHnss Hesaga-CemunanaTuHCK, akTMBHO yvacTtBoBana B paborte
O6uwecTtBeHHOro komuTeTa XeHwunH KasaxctaHa. [ocygapcTBO NoO JOCTOUHCTBY
oueHuno npodeccmoHanbHbIn 1 obuwecTBeHHbIN Bknag XK.I. MyctaduHon, Harpagms
ee OpaeHom 3Hak [NoveTta, OpaeHom Napacar.

YKanap MNabugeHoBHa HaBcerga ocTaHeTcs B namMsaTv GnarogapHbiX NMauMEHTOB,
Konner, ee nocriegosaTternemn u y4eHUKOB.
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NAMATU YTENbBAEBA TYPCYHA AJIMEBUYA

Ytenb6aeB TypcyH MNanueBu4 poguncsa 25 aHsaps 1936 roga B ropoge CapkaHa
TangbikopraHckon obrnactn. B 1965 rogy okoHYMn AnNMaTUHCKUI rocygapCTBEHHbIN
MeOULMHCKMIA MHCTUTYT. [locne okoH4YaHusa By3a paboTan y4acTKOBbIM Bpayom B
panoHHon bonbHuue ropoga CapkaHa.

B 1968 rogy nepeexan B Anmartbl U MOCTYNWUIT B KITMHUYECKYKD OpAWHATYpYy
Kazaxckoro HAW rnasHbix 6onesHen. o e€ okoH4YaHuM npopormkun obydeHune B
acnupaHType M yCnewHo 3awWwuTun KaHAuJaTcKyl AuccepTauuio Ha Temy:
«Xapakmepucmuka KOHBIOHKMUBalbHOU MUKPOIiopbl y paboyux pasninuyHbiX
ompacrneu rnpouzsodcmesa.

Cpasy nocrne 3awmuTbl KaHan4aTCcKon aucceptaumm 6bin HanpasneH Ha paboTy 3a
pybex - B MemeH, rae BO3rnaevn rpynny COBETCKUX Bpayeil, B KOTOPYK BXOAUMY
NATHagUaTb CneumanucToB pasnuyHbix npodunen. 3a Tpu roga pabotsl, ¢ 1975 no
1978 roa, B ycnoBUsIX TSHKENOro KnvMmata W KPYrrioCYTOYHbIX AEeXYypCTB 6bino
BbINONHEHO ©onee [ByX TbicaAY onepauuin. 3a 3TOT Tpya OH Obin NpeacTaBneH K
HarpaxgeHuto opaeHoM «[Apy>x0Obl HAPOAOB».

B 1978 rogy TypcyH ManueBuny BepHyncs B KasaxctaH u npuctynun Kk pabote B
Kasaxckom HWW rnasHbix 6onesHen, ogHOBPEMEHHO HayaB MpenogaBaTeNnbCKyto
aestenbHocTb. B 1980-e rogbl BO3rnaBnsan oTtaen TpaBM U PEKOHCTPYKTUBHOWM
opTanbMOXUPYPrMm NHCTUTYTa MasHbix 6onesHen. [Npowén nyTb OT acCUCTEHTa
Kadpegpbl A0 3asefyollero kagenpon odranbmMonornnm AnmMaTtMHCKOro rocyaapct-
BEHHOIro MeULMHCKOrO MHCTUTYTA.
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Moo ero pykoBoACTBOM B MEOWUMHCKOM MHCTUTYTe ObISI0 OpraHM3oBaHoO
npenogaBaHne opTanbMOoorMm Ha kazaxckom a3bike. OH ABNANCA COaBTOPOM NEPBOroO
y4yebHMKa no odTanbMOSIOrMN Ha Ka3axCKoM 4A3blke. 3a Bknag B pasButune
3apaBooxpaHeHns 6bin HarpaxaéH HarpygHbiM 3HakoM «OTNUYHUK 34paBo-
OXpaHeHusn». B TedeHne MHOrMX NET akTMBHO y4acTBOBan B paboTe guccepTaLmMOHHOro
coBeTa KasHNW rnasHbix 6onesHen B Ka4eCTBE ONMOHEHTA M PELIEH3EHTA.

TypcyH [anueBn4 Obin 4enoOBEKOM penKOW CKPOMHOCTW, CMOKOWCTBUS U
BHYTpeHHen cunbl. O HeKOTOpbIX MOCTYMKax He MPUHATO roBopuTb BCnyx. B
nekabpbckme gHm 1986 roga, korga cTpax CTaHOBUIICA HOPMOWM, a OTKa3 - crnocobom
BbDKMBaHWA, OH caenan Bblbop B nonb3y yenoseka. [MpakTuyeckn He 3Hasa CTyaeHTa
nepsoro Kypca Kasl'Y, nuwb 3emnska, obpaTtvBLUErOCA K HEMY 32 MOMOLLbIO, OH NPULLEN
B C30, nopyunncsa 3a Hero n TemM cambiM Cnac emy XusHb 1 cyabby. OH HUKorga He
pacckasbiBan 06 3TOM nocTtyrnke. He uckan Npu3HaHWa M He cuyuTan HY>XHbIM
HanOMWHaTL O CBOEM MyxecTBe. [1na Hero 310 Obin He NOABUN, @ €CTECTBEHHbIN
yenoBeyveckui war. Ero nmsa gonro octaBanochb B TEHWU, HO €ro NOCTYNOK NpoAaosrKars
XuTb B cyabbe Cepukbona KoHabibasi, cnaceHHOro CTyaeHTa, B JanbHenwem
CTaBLLEro y4YeHbIM.

Bcilo cBoto npodpeccumoHanbHy Xu3Hb TypcyH [anueBud otgan cTygeHTam wm
odtanbmonoriun. OH He NPOCTO Npenogasasn NpeamMeT - OH PoOpPMUPOBas OTHOLLEHME K
npodeccun. [1nss coteH y4eHUKOB cTan nepBbiM MPOBOAHMKOM B O0dpTasibMOSOruio, a
AN MHOMMX - TeM caMbiM Y4yuTenem, KOTOPOro BCMOMMHAKT cnycta rogbl. OH
npenogasarn 4o NocnegHero AHs CBOEW XXU3HW.

KasakctaH odpransmonoruansik xxypHanesl Ne 1 (23) 2026




MoanuncaHo B nevatb 01.12.2025 r. lNevatb odceT.
dopmat nsg. 60x84/8.
Bymara odpcetr. O6bem 15 ycn. ney. n. Tupax 500 aks.

Odranbmonoruyeckui xxypHan KasaxcrtaHa Ne 1 (23) 2026







MNepenoBoe ocHalweHne pedpaKLUMOHHOU
Xpyprumn B KNMHUMKAax KasHUWM rnasHbix 6onesHen

Appeca dnnmanos KasHUU rnasHbix 6onesHen

Apgpec:

Ten:+7(727)3410771,+7 70007507 71
WhatsApp: + 7 700 07507 71, + 7 707 065 07 71
Cant: www.eyeinst.kz

Appec:

Ten: +7 (7172) 64 47 71, +7 700 075 07 73
WhatsApp: +7 700 075 07 73

Cant: www.astana.eyeinst.kz

Apapec:

Ten: +7 (7252) 60 67 71, +7 (7252) 27 50 58, +7 (771) 671 45 58
WhatsApp: +7 700 075 07 75

Cant: www.shymkent.eyeinst.kz




