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Morphometric study of the connective tissue cells of scleral flaps
in primary glaucoma depending on the level of the aqueous humor
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AHHOTAIIUA

B pesernupoBaHHBIX B X0/I€ aHTUTJIAYKOMHBIX OTIEPAIUI CKJIEPATIbHBIX JIOCKYTaX y 60 MAaIeHTOB ¢ 6 pa3HbIMU (Pop-
MaMU [IEPBUYHON IJIayKOMBI UCCIJIEJIOBAHO COZIEPKAHUE KIJIETOK COEUHUTEBHON TKAHU — MAaTPUKC-TIPOIYyIIUPYIOIINX U
5JIEMEHTOB MHGUIBTPATa — C IOMOIIBI0 CPABHUTEIBHOTO MOP(MOMETPUYECKOTO aHAIN3a. bayyibHasA OlleHKa OT/IeJIBHO
MPOKCUMAIPHON U UCTAJIIBHOHN 30HBI CKJIEPHI IPU 2 opMax IJIAyKOMBI ¢ IPeTpabeKyIApHBIM YPOBHEM THAPOIHMHAMU-
YecKoro 6JI0Ka BhISIBIIIA JIOCTOBEPHO HAMOOJIbIIIEE KOJTUYECTBO MATPUKC-TIPO/IYIIUPYIOIIHNX KJIETOK IIPU BPOXK/IEHHOMH TJIa-
YKOME II0 CPABHEHHUIO C 3aKPHITOYTOJIbHOU. AHAIN3 4 (DOPM IJIayKOMBI ¢ TPAOEKYJIAPHBIM OJIOKOM IIOKa3aJl JOCTOBEPHO
6oJIbIllee CoZiepKaHre MAaTPUKC-IIPOAYIIUPYIONINX KJIETOK BIUIOTH /IO AUCTATBHBIX OTJEIO0B APEHAKHBIX MyTeH IpU MHT-
MEHTHOH U TICeB09KC(HOTUATUBHON IVIayKOME, UTO CITIOCOOCTBYET PA3BUTHIO YCKOPEHHOU PETEHI[UH OTTOKA BHYTPUTJIa3-
HOU kuAKOCTU. [ToTMMOPQHBIN XapaKTep CTPYKTYPHBIX U3MEHEHUH COeIMHUTEIFHON TKAHU JPEHAKHON CUCTEMBI TJIa-
32 OTIPEIeJIsieT 11eJ1ec006Pa3HOCTD UCIIOIb30BAHMS AUDGEPEHITPOBAHHOTO AJITOPUTMA IIPH IIJIAHUPOBAHUH 00heMa OIte-
PaTUBHOTO JIeUEHUs.

Karoueswvle cao8a: ri1aykoMa, CKIEPTbHBIN JIOCKYT, KJIETKUA COEUHUTEIBHON TKAaH!, MOP(hOMETpHS.

ABSTRACT

In scleral flaps resected during anti-glaucoma surgeries in 60 patients with 6 different forms of primary glaucoma, the
content of connective tissue cells — matrix-producing and infiltrate elements — was studied using comparative morpho-
metric analysis. The scoring of the proximal and distal sclera zones separately with 2 forms of glaucoma with a pretrabular
level of the hydrodynamic block revealed a significantly higher number of matrix-producing cells in congenital glaucoma
compared with angle-closure one. Analysis of 4 forms of glaucoma with a trabecular block showed a significantly higher
content of matrix-producing cells up to the distal drainage pathways in pigmentary and pseudoexfoliation glaucoma which
contributes to the development of accelerated retention of the aqueous humor outflow. The polymorphic pattern of struc-
tural changes in the connective tissue of the eye drainage system determines the feasibility of using a differentiated algo-
rithm when planning the surgical treatment volume.

Keywords: glaucoma, scleral flap, connective tissue cells, morphometry.
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BBEJAEHUE

Juarnos «I[ytaykoma» oObeIUHSIET TPYIITY 3a-
OoJieBaHUU TJIa3a ¢ Pa3JIMYHON STHUOJIOTHEH U Me-
XaHU3MaMU DPa3BUTHUSA, IIPU ITOM HMEOIIUX PAL
0o0ImuX OCOOEHHOCTEH B KJIMHHUYECKUX ITPOsiBJIE-
HUAX [1, 2]. B OCHOBe pa3BUTHUSA TJIAYKOMBI JIEXKAT
CTPYKTYpPHO-(YHKIMOHAJIbHbIE HW3MEHEHUSA 3Jle-
MEHTOB JPEHAKHOU CHUCTEMBI IVIa3a, KOTOPhIe 3HA-
YUTEBHO 3aTPYAHAIOT UJIH JIeJIAl0T HEBO3MOKHBIM
OTTOK BHYTpHUIJIazHOH kuakoctu (BIK), mpusogs
K BO3PACTaHHIO BHYTPUTJIa3HOTO AaBienus (BI'T) u
rubeJiv TaHTJIMO3HBIX KJIETOK ceTUaTku [2—4]. [Tpu-
MeHseMble ITOAXO0AbI K peryaanuu BI'J] BKIOYAIOT,
IJIaBHBIM 00pa3oM, WHTUOHpPOBaHHME TPOAYKIIUH
BI'7K uiu onepaTuBHOe BOCCTAaHOBJIEHUE IIyTel OT-
TOKa. XUpypruyecKkoe JeueHue sBJsieTcs Hanbosee
3¢ PEKTUBHBIM METOIOM CTAOMJIN3AINU IJIayKOMBI,
HO, KaK TIOKa3bIBAET MPAKTHKA, 0COOEHHO IIPH BeJie-
HUU peppakTepHBIX (YCTOHYUBBIX K Tepanun) GopM
3a00JIeBaHM I, IMeET JIUIIb OTPAHUUEHHYIO 3P dek-
TUBHOCTb [5—7].

CTpyKTypHble OCOOEHHOCTH COEAUHUTEH-
HOH TKaHU JpEHa’KHOU CHUCTEMBI IJIa3a U BbIpAKeH-
HOCTH IIPOIIECCOB PyOIEBAHUSA XUPYPIHUYECKU CO3-
JIaHHBIX IMyTel oTToKa BIPK mHpoko BappbUpYIOT B
3aBUCUMOCTH OT (OPMBI IJIAYKOMHOTO MOPa*KeHUS
U OTIPEJIEJISIIOT CTaOMIIBHOCTD U IJTUTEJIBHOCTD TUTIO-
TeH3UBHOTO (P dekra [8]. Pesysprarom HapymeHUs
pereHepaToOpHO-pelapaTUBHOTO IIpoIecca SBJIAET-
cs dopmupoBanue peteHiuu BI7K o BHOBB co3ziaH-
HBIM IIYTAM OTTOKA U iekoMIiieHcarua BI'/] B KopoT-
KHe cpokH. [loMuHUpYyIoLas pojib B Pa3BUTUU U3-
OBITOYHOTO PYOIIEBAHU S ITOCJIE TUITOTEH3UBHBIX OIlEe-
panuii OpUHAAJIEKUT MECTHBIM U3MEHEHUSM coe-
JIMHUTEIbHON TKaHU JPEHA’KHOH CHCTeMbI [9, 10].
B psine ciryuaeB popMupoBaHUe MyTel OTTOKA IPH-
obpeTaeT NMaTOJIOTHYECKUN XapaKTep ¢ U30BITOYHOU
nposndepaTUBHON aKTUBHOCTHIO KJIETOK (UOpPO-
61acTHOTO psajaa [11].

Mnuoroo6pasue $GOpM U KINHUYECKUX IIPOSB-
JIeHUH IJ1ayKOMBI IUKTYeT He0OX0UMOCTb UH/VIBH-
JIyaJIbHOTO TIO/IXO/Ia IPU BEIOOPE 00'heMa OrepaTuB-
HOTO BMeIIaTeJIbCTBA. J[JIs1 9TOro HEOOXOAUM CpaB-
HUTEJIbHBIA aHAJIN3 CTPYKTYPHBIX H3MEHEHUU Jpe-
HaQ)KHOM CHCTEMBI IVIa3a B 3aBUCUMOCTU OT (HOPMBI
[VIQyKOMHOTO IMOpakKeHU .

IEJIb NCC/IEAOBAHUA

IIpoBecTn cpaBHUTENBHBIN MOpQoMeTpuue-
CKUM aHaU3 COJEPKAHUS KJIETOK COETUHUTEh-
HOU TKaHU B CKJIEPAJIBHBIX JIOCKYTaX Y AIIUEHTOB C
6 pazHbIMH (hOPMaMU IIEPBUYHOU IJ1ay KOMBI.

INTRODUCTION

The diagnosis of “Glaucoma” combines a group
of eye diseases with various etiology and develop-
ment mechanisms while having a number of com-
mon features in clinical manifestations [1, 2]. The
development of glaucoma is based on structural and
functional changes in the elements of the eye drain-
age system which significantly impede or make it
impossible for the outflow of aqueous humor (AH)
leading to an increase in intraocular pressure (IOP)
and death of retinal ganglion cells [2—4]. Applied
approaches to the regulation of IOP include, main-
ly, inhibition of the production of AH or the opera-
tive restoration of outflow pathways. Surgical treat-
ment is the most effective method for stabilizing
glaucoma but, as practice shows, especially when
managing refractory (therapy-resistant) forms of
the disease it has only limited effectiveness [5—7].

The structural features of the connective tissue
of the eye drainage system and the intensity of the
scarring processes of the surgically created outflow
pathways of the AH widely vary depending on the
form of glaucoma lesion and determine the stabil-
ity and duration of the hypotensive effect [8]. The
result of the damage of the regenerative-reparative
process is the formation of AH retention along the
newly created outflow pathways and IOP decom-
pensation in a short time. The dominant role in the
development of excessive scarring after antihyper-
tensive operations belongs to local changes in the
connective tissue of the drainage system [9, 10]. In
some cases, the formation of outflow pathways be-
comes pathological with excessive proliferative ac-
tivity of fibroblast cells [11].

The variety of forms and clinical manifesta-
tions of glaucoma dictates the need for an individ-
ual approach when choosing the volume of surgical
intervention. This requires a comparative analysis
of structural changes in the drainage system of the
eye, depending on the form of glaucoma lesion.

AIM OF THE RESEARCH

To perform a comparative morphometric
analysis of the content of connective tissue cells in
scleral flaps in patients with 6 different forms of
primary glaucoma.

MATERIALS AND METHODS

The work was performed on surgical material
(60 scleral flaps) obtained during antihypertensive
operations in patients with 6 different forms of
primary glaucoma: congenital (CG), angle-closure
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MATEPHUAJIBI 1 METO/AbI

PaboTra BhITIOJTHEHA Ha ONEPAI[MOHHOM Mare-
puazne (60 CKJIEPAJIBHBIX JIOCKYTOB), IIOJYUYEHHOM
[IpU NIPOBEeZIEHNH TUIIOTEH3UBHBIX Ollepanuil y ma-
[IEeHTOB ¢ 6 pa3HbIMU (HOPMaMH IIEPBUYHOMN TJIay-
KOMBI: BpokJieHHOU (BIY), 3akpbIToyroisHoit (3YT),
oBeHWIbHON (FOI'), mpOCTOM OTKPBITOYTOJILHOU
(TITOYT), nceBmoakcdonnatuuoi (I191) 1 mUrMeHT-
soii (IIT"). UccireoBaHO 10 10 CKJIEPATIBHBIX JIOCKY-
TOB B Ka)koi rpynne. [IpuMeHAIN MPUHITUI JIO-
KaJIM3alliu CONPOTUBJEHUA OTTOKY BI'2K — mo cu-
creMe «OJIOKOB»: TpeTpabeKy IsApHBIN, TpabeKyIap-
HBIH U HHTPaCKJIepaJIbHbIN ypoBHU peTeHuu BIK.
B ciyuae 6s10kupoBaHUsA JoCTyIA K GUIBTPAIUOH-
HOH 30He («mpeTpabeKyssipHas» PeTEeHINs) CTPYK-
TYPHBIE COCTaBJISAIOIINE CAMOU JIDEHAXKHOU CHUCTe-
MBI TJIa3a He U3MEHEHBI; «TpabeKyaapHasi» peTeH-
[HsA CBA3aHA C MOPAKEHNEM UHTPAMYPATbHBIX ITy-
TeH OTTOKA; TAKKE BO3MOKHO OJIOKMPOBAaHUE Ty TEN
OTTOKAa B MHTPACKJIEPAJIbHBIX KOJIJIEKTOpaX [12].

JluzaliH wccieioBaHusl ObLI BBIOpAH B COOT-
BETCTBUU C JJAHHOU KJlaccU(pUKAIUeH: CPaBHUBAJIHN
Mex1y co00ii pOpMBI IJIAyKOMBI B IIpeiesiax TPYIII
C IpeTpabeKyIAPHBIM U TPAOEKYIAPHBIM OJIIOKOM —
BI' cpaBamBasnu ¢ 3YT BBHAYy Hasmuusa nperpabe-
KysspHoro 6soka, YOI u ITIOYT mpoTuBomocTaBis-
such TI9T u I, A1 KOTOPBIX TPUYHUHOH MTOBBIIIIE-
Hus BI'J] coy»xun 6710k orToky BI7K Ha ypoBHe Tpa-
OeKyJsIbl ¥ IIJIEMMOBA KaHaJia (puc. 1).

Xupypruueckoe JedeHHe TIAI[UEHTOB IPOBe-
neno B HoBocubupckom dunuane @AY «HMUI]

(ACG), juvenile (JG), simple open-angle (SOAG),
pseudoexfoliation (PEG) and pigmentary (PG). Ten
scleral flaps in each group were examined. The prin-
ciple of localization of resistance to the outflow of
the AH was applied — along the system of “blocks™
pre-trabecular, trabecular and intrascleral levels
of the AH retention. In the case of blocking access
to the filtration zone (“pre-trabecular” retention),
the structural components of the eye drainage sys-
tem itself are not changed; “trabecular” retention
is associated with damage of the intramural out-
flow pathways; blocking outflow pathways in intra-
scleral reservoirs is also possible [12].

The design of the study was chosen in accor-
dance with this classification: the forms of glauco-
ma were compared among groups with a pre-tra-
becular and trabecular block — CG was compared
with a ACG due to the presence of a pre-trabecular
block, the JG and the SOAG were contrasted with
PEG and PG, for which the reason of increase of
IOP was the block of the outflow of AH at the level
of the trabecula and Schlemm’s canal (Fig. 1).

Surgical treatment of the patients was per-
formed in S. Fedorov Eye Microsurgery Federal State
Institution, Novosibirsk Branch. Patients signed an
informed consent to treatment and the use of the re-
sults of the study for scientific purposes. The study
was approved by the Ethics Committee of S. Fedorov
Eye Microsurgery Federal State Institution (Novosi-
birsk) (protocol No. 5 dated 18.12.2013).

Ilperpabexkynspusii 610k / Pre-trabecular block

Bposkaennas riaaykoma / Congenital glaucoma

3akphITOyrospbHas riaykoma / Angle-closure glaucoma

\

\

Tpabexkynsapubiii 610k / Trabecular block

IIpocraa
IOBenwibHAA P
. OTKPBITOYTOJIbHAS
miaykoma / Juvenile .
riaykoma / Simple
glaucoma

open-angle glaucoma

IIceBmoakcdoma-
ITurmenTHas
. THUBHAA IVIayKoMa /
miaykoma / Pigmentary ..
Pseudoexfoliation
glaucoma glaucoma

\ A A\ A

T bl

Puc. 1. /Tuzaiin MopdoMeTpHUuecKoro aHaausa
Fig. 1. Morphometric analysis design
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«MHTK «Muxkpoxupyprus miasa» uM. akaza. C.H.
®énopoBa» (MHTK «Mukpoxupyprus riasza», Ho-
BocubHUpcK). [TanueHTaMu MOATIHNCAHO WHDOPMHUPO-
BaHHOE COIJIacue Ha JIeYeHUe U HUCII0JIb30BAHUE Pe-
3YJIBTATOB UCCJIe/IOBAHUSA B HAYUHBIX Iessax. Mccie-
JloBaHue 0100peHo AtuueckuM komutetom MHTK
«Mukpoxupyprus riaza» (HoBocubupck) (rmpoto-
ko1 NO 5 ot 18.12.2013).

PeseniupoBaHHbBIE CKJIEpAJIbHBIE JIOCKYTHI UMe-
au GopMy TpeyrojbHHKa, 0a3uc KOTOpOro obpa-
IIeH K [IJIEMMOBY KaHaity. O6pasIisl olepaioHHO-
ro MaTepHuaJia BKJIIOYaIH B ce0s 4acTh TpabeKyJIbl,
BHYTPEHHIOIO CTEHKY IIJIEMMOBA KaHAasa, IOKCTa-
KaHAJIMKYJISIPHYIO TKaHb U IVIyOOKHE CJIOU CKJIEPHI
(puc. 2). K mpokcuMasibHOU CKJIEPE OTHOCUJIU IIPH-
JIelKalye K IIJIEMMOBY KaHATy U IOKCTaKaHAJIUKY-
JIIPHOMY PETHOHY YYacTKH (TpeTh JJIMHBI 00pa3s-
11a), K IUCTAJIbHON — 0oJiee yialeHHbIe YYaCTKH.

O6pasmpl ckjaepbl (GUKCHPOBATU B  OXJIAXK-
JleHHOM 710 4 °C 4% pactBope napadopMasiberu-
Jla, TpUTOTOBJIEHHOM Ha (ocdarHOoM Oydepe Mui-
soHura. [TapadguHOBBIE CpE3bI TOIINHON 4—5 MKM
OKpalnBaJu reMaTOKCUJINHOM U 303UHOM B KOM-
6unanuu c peakiueii [lepsica u no Baun I'uzony. Ilo-
JIYTOHKUE CPEe3bl OKPAIINBAIN 1% BOIHBIM PACTBO-
pPOM TOJIYUJMHOBOTO cHHero. CBETOONTHYECKOe
MopdoMeTprUUecKoe HCCIeI0BaHUE ITPOBOAUIU C
IIOMOIIBI0 MUKPOCKOMa AXio Scope.A1 ¢ poTokame-
poit AxioCam MRcj5 (C. Zeiss).

CxJiepa, pacIoyioKeHHas
Ha yIaJIeHuu
OT LIJIEMMOBA KaHajia —
JIUCTaJIbHASA CKJIepa
Sclera located away from
the Schlemm’s canal — the
distal sclera

K 4

#*

Imy6oKkue cI0u CKIIEphI
BOJIM3H [IJIEMMOBA
KaHaIa —
[IPOKCUMaJIbHAsI CKJIepa
Deep layers near the
Schlemm’s canal — the
proximal sclera

The resected scleral flaps had the shape of a tri-
angle the basis of which faces the Schlemm’s canal.
Samples of surgical material included a part of the
trabecula, the inner wall of the Schlemm’s canal,
juxtacanalicular tissue and deep layers of the sclera
(Fig. 2). The proximal sclera included the areas ad-
jacent to the Schlemm’s canal and the juxtacana-
licular region (one third of the sample length) and
the more distant areas to the distal one.

Samples of sclera were fixed in a 4% solution of
paraformaldehyde cooled to 4°C, prepared in Mil-
lonig phosphate buffer. Paraffin sections 4—5 pm
thick were stained with hematoxylin and eosin in
combination with the Perls reaction and according
to Van Gieson. Semi-thin sections were stained with
1% aqueous solution of toluidine blue. The light-op-
tical morphometric study was carried out using an
Axio Scope.A1 microscope with an AxioCam MRc5
camera (C. Zeiss).

In a morphometric study of paraffin and semi-
thin sections of scleral flaps with a magnification
of 480 the numerical density of matrix-producing
cells (fibroblasts-fibrocytes) and infiltrate cells
(macrophages, lymphocytes, mast cells) was stud-
ied using the technique [14, 15] separately at the
focal points of the proximal and distal sclera. For
matrix-producing cells (MPC): 0 points — single
cells, 1 point — from 3 to 6 cells, 2 points — from

IOkcrakaHaIMKYyIApHAsA
TKaHb
Juxtacanalicular
tissue

Puc. 2. CxeMaTHYHOE N300pasKEHIE PE3EIUPOBAHHOTO CKJIEPATIBHOTO JIOCKYTa: (POKYCHI FOKCTAaKAHAIMKYJIAPHOU TKaHHU,
JIUCTAJIBHOM U MPOKCUMAJIBHOH CKJIepHI [13]
Fig. 2. Schematic representation of a resected scleral flap: foci of juxtacanalicular tissue,
distal and proximal sclera [13]
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IIpu MopdOMeTpUUECKOM HCCJIEI0OBAHUU I1a-
padUHOBBIX M TOJIYTOHKUX CPE30B CKJIEPATbHBIX
JIOCKYTOB IIpU yBEJIUYEHUU 480 M3yUeHa UHCIIEH-
Hasg IJIOTHOCTh MATPHUKC-IPOAYIUPYIONIUX KJle-
TOK (Gubpo6IaCTHI-PUOPOITUTHI) U KIETOK UH(PUIIb-
Tpata (Makpodaru, JTUM@OIUTHI, TYUHBbIE KJIET-
KH) C IIOMOIIbI0O METO/IMKH [14, 15] oT/esibHO B do-
Kycax IIPOKCUMAJIbHON U JUCTAJIBHOHN CKJIephl. 11
Marpukc-npoaynupyomux kiaetok (MIIK): o 6ai-
JIOB — O/IMHOYHBIE KJIETKH, 1 6aJlyl — OT 3 710 6 KJe-
TOK, 2 6ajij1a — OT 7 10 15 KJIETOK U 3 OaJiia — GoJiee
15 KJIeTOK. J[Jisi KeToKk uHuIbTpaTa: 0 6ajiioB —
HET KJIETOK, 1 6aJIy1 — OT 1710 3 KJIETOK, 2 6ajjia — oT
3 10 10 KJIeTOK H 3 OaJiia — 6oJiee 10 KJIETOK.

JI7s1 IOapHOTO CpaBHEHUs TPYII U C aKIIEH-
TOM Ha IIpeTpabeKyIAPHBIN U TPaOEKyIsAPHBIHN 6J10-
k4 0TTOKA BI'K IpuMeH AN MeTO/[bl HellapaMeTpH-
YECKOW CTATUCTUKHU. J[JIsi OIEHKU JIOCTOBEPHOCTH
pasyiuuuil MeXXAY ABYMS IPYIIIAMH HUCIIOJIb30BaJIH
kputepuit Manna — YuTHu. JIocTOBEpHBIMU CUUTA-
JIA PA3JINYHS C YPOBHEM /IOBEPUTEIHLHON BEPOSTHO-
¢ty 95 % u BhIe (T. €. p < 0.05). JlaHHble Tpadu-
YeCKH Ipe/ICTaBJIEHbI B BUE MeIMaHbI U MEXKBap-
TUIBHOrO WHTepBasa. CraTtucrtudeckas obpaboTka
JIAHHBIX IIPOBEJIEHA C UCIIOJIb30BAHUEM ITPOrPAMM-
Horo obecnieuenust Microsoft Excel 2019 u MedCalc
Statistical Software version 18.9.1 (MedCalc Software
bvba, Ostend, Belgium; http://www.medcalc.org;
2018).

PE3YJIBTATHI 1 OBCY2KJIEHUE

IIpu mMopdomeTpruUecKOM aHaU3e TPYIIBI C
peTpabeKyaspPHBIM OJIOKOM KOJTHYECTBO MATPHUKC-
MIPOAYLUPYIOMIUX KJIETOK OBLJIO JIOCTOBEPHO OOJIb-
e B MPOKCHUMAaJIBHOH (p = 0.0003) U JTUCTAJILHOU
ckyepe (p = 0.0032) B rpynne BI' o cpaBHEHHIO ¢
3V¥T, no-BuAMMOMY, B CBA3U C MOJIOABIM BO3PACTOM
MIaIIUEHTOB U HCXOJHO BBICOKUM ITpOIHdepaTuB-
HBIM MTOTeHI[UaI0M Pu6P06IIacTOB CKIEPHI (puC. 3).
He 6b1710 TIOJTyYeHO TOCTOBEPHOTO OTJIMYUS II0 KO-
JIMYECTBY KJIETOUHOTO MH(GUIIBTPATA JUCTAIBHON U
IIPOKCUMAJIbHOH ckyepbl Mexxay BI' u 3YT.

IIpu cpaBHUTenbHOM aHasuze rpymnn IIOYT
u IOI" He GBLIO MOJIyYEHO JTOCTOBEPHOTO OTJIMIMS
10 KOJIMYECTBY KJIETOK WH(UIbTPATa U MaTPUKC-
MPOAYIUPYIOUINX KJIETOK AUCTAJIBHOU U IIPOKCHU-
MaJIbHOU CKJIephl. B To ke Bpems mipu IIOYT BbIsIB-
JIEHO JIOCTOBEPHO MEHbIIEE KOJIUYECTBO MaTpPHUKC-
MPOAYIUPYIOUINX KJIETOK, UYeM IIpu Apyrux ¢op-
Max TJIayKOMBbI ¢ TpabekyasapHbiM OsiokoM (IO u
'), a Tak:ke MeHBIIIee KOJIMYECTBO KAK MaTPUKC-
MIPOAYIIUPYIOMIUX KJIETOK, TAK U MOHOHYKJIEAPHBIX
KJIeTOK mHbUIbTpaTa B cpaBHeHuu c 11T, yto cBu-
JIeTeIbCTBYET O HE3HAYUTETHLHON POJIU MaTpUKca B

7 to 15 cells and 3 points — more than 15 cells. For
infiltrate cells: 0 points — no cells, 1 point — from 1
to 3 cells, 2 points — from 3 to 10 cells and 3 points —
more than 10 cells.

For pairwise comparison of groups and with an
emphasis on pre-trabecular and trabecular blocks
of the outflow of AH methods of nonparametric
statistics were used. To assess the significance of
differences between the two groups the Mann —
Whitney test was used. The differences were con-
sidered significant with a confidence level of 95%
and higher (i.e. p < 0.05). Data are graphically pre-
sented as median and interquartile range. Statisti-
cal data processing was performed using Microsoft
Excel 2019 and MedCalc Statistical Software ver-
sion 18.9.1 (MedCalc Software bvba, Ostend, Bel-
gium; http://www.medcalc.org; 2018).

RESULTS AND DISCUSSION

In the morphometric analysis of the group with
a pre-trabecular block the number of matrix-pro-
ducing cells was significantly higher in the proxi-
mal (p = 0.0003) and distal sclera (p = 0.0032) in
the CG group compared with ACG, apparently, due
to the young age of the patients and the initial high
proliferative potential of scleral fibroblasts (Fig. 3).
There was no significant difference in the number
of cell infiltrate of the distal and proximal sclera be-
tween the CG and the ACG.

In a comparative analysis of SOAG and JG
groups there was no significant difference in the
number of infiltrate cells and matrix-producing
cells of the distal and proximal sclera. At the same
time, the SOAG revealed a significantly fewer num-
ber of matrix-producing cells than other forms of
glaucoma with a trabecular block (PEG and PG), as
well as a fewer number of both matrix-producing
cells and mononuclear infiltrate cells in compari-
son with PG that indicates an insignificant role of
the matrix in the development of retention of the
outflow of AH with a very common “simple” form of
glaucoma lesion.

In PG compared with SOAG, the number of ma-
trix-producing cells both in proximal (p = 0.0464)
and in distal sclera (p = 0.0001) significantly pre-
vailed (Fig. 4). In addition, the number of infiltrate
cells of proximal (p = 0.0033) and distal sclera
(p = 0.0005) prevailed significantly in PG which
can be explained by the response of connective tis-
sue cells to multiple melanin granules (Fig. 5).

In addition, with PG (p = 0.001) and PEG
(p = 0.0197) significant differences were obtained
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Puc. 3. MopdomeTprueckuii aHaIN3 MaTPUKC-TIPOIYIIUPYIONIUX KyIeToK mpu BT u 3YT*:
A — B IIPOKCHMAJIbHOU CKJIepe; B — B uCTaIbHON CKIIEpe
Fig. 3. Morphometric analysis of matrix-producing cells in CG and ACG:
A — in the proximal sclera; B — in the distal sclera

passuTuu perteHnuu orroka BI'2K mpu BecbMa pac-
IIPOCTPAHEHHOU «IIPOCTOH» (OpMe IJIayKOMHOTO
MOpaKeHusl.

[TpuIlT'B cpaBHenuu cIIOYT nocToBepHOIIpEBa-
JIIPOBAJIO KOJIMYECTBO MATPHUKC-TIPOYIIUPYIOIINX
KJIETOK KaK B IIPOKCUMAJIBHOU (p = 0.0464), Tak u
JIHCTaIbHOU ckJyepe (p = 0.0001) (puc. 4). Kpome
toro, npu I1T" JocToBepHO Tpe061a/1a710 KOJTUUECTBO
KJIETOK HHOUIbTPaTa MPOKCUMAIBHOH (p = 0.0033)
U TUCTAJIBHOU CKJIEPHI (P = 0.0005), UTO MOKET 00B-
SICHATBCA OTBETHOU peakIuell KJIETOK COeIuHU-
TeJIbHOH TKAaHU Ha MHOKECTBEHHbIE TPAHYJIbI MeJia-
HUHa (puc. 5).

from SOAG in the number of matrix-producing cells
of the distal sclera which indicates a high prolifera-
tive potential and a greater likelihood of fibrous le-
sion of the intrascleral outflow pathways up to this
region.

In PG in comparison with PEG, the number
of mononuclear cells of the infiltrate (Fig. 6) in the
proximal (p = 0.0033) and distal sclera (p = 0.0080)
was significantly prevailing and the number of ma-
trix-producing cells of distal sclera (p = 0.0481) also
prevailed (Fig. 7). Herewith, no significant differ-
ences were found in the number of matrix-producing
cells of the proximal sclera between PG and PEG.
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Fig. 4. Morphometric analysis of matrix-producing cells in PG and SOAG:
A — in the proximal sclera; B — in the distal sclera
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Fig. 5. Morphometric analysis of infiltrate cells in PG and SOAG:
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Kpome Ttoro, mpu III' (p = 0.001) u IIBT
(p = 0.0197) moJIyueHbl JOCTOBEPHBIE OTIMYUSI OT
I[TOYT 1no KoJju4ecTBY MaTPUKC-IPOAYLHUPYIOMIUX
KJIETOK JIMCTaJIBHBIX OT/EJIOB CKJIEPHI, UTO CBHJIE-
TEJILCTBYET O BBHICOKOM IpPOJHbepaTUBHOM IOTEH-
nuasie u 60JIbINeH BEPOSITHOCTH (PUOPO3HOTO IMopa-
JKEHUSI MHTPACKJIEPATIBHBIX IIyTEH OTTOKA BILJIOTH
JI0 IAaHHOTO PeruoHa.

IIpu IIT" B cpaBHenuu ¢ I13I" nocToBepHO IPe06-
JIa/Iajio KOJIMYECTBO MOHOHYKJIEAPHBIX KJIETOK HH-
dunprpara (puc. 6) B IpoKCUMaJIbHOH (p = 0.0033)
U TUCTAJIBHOU ckiiepe (p = 0.0080), a Takke mpe-
00J1a71a7I0  KOJIMYECTBO MATPHUKC-IIPOYIIUPYOIIUX

Glaucoma is characterized by the existence of a
number of pathogenetic factors both a primary in-
crease in IOP and a relapse of ophthalmic hyperten-
sion in the postoperative period. A significant role
in the pathogenesis of various forms of glaucoma
and in the prognosis of a postoperative outcome is
assigned to changes in the connective tissue of the
eye drainage system [16]. The intensity of regenera-
tive reactions in the area of the hypotensive opera-
tion determines the speed and degree of oblitera-
tion of newly created outflow pathways of AH [17].
Reparative regeneration is a multicomponent pro-
cess due to the complex response of connective
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Puc. 6. Mopdomerprueckuii aHaIN3 k1eTok nHGmibTpaTa npu I1IN u I19T:
A — B IPOKCUMAaJIbHOU CKJIepe; B — B iucTanbHOM cKitepe
Fig. 6. Morphometric analysis of infiltrate cells in PG and PEG:
A — in the proximal sclera; B — in the distal sclera
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Fig. 7. Morphometric analysis of matrix-producing cells of the distal sclera in PG and PEG

KJIETOK JUCTAJIBHOU CKJIEpHI (p = 0.0481) (puc. 7).
ITpu 5TOM He OOHAPYKEHO JOCTOBEPHBIX PA3TUUUN
II0 KOJIMYECTBY MaTPUKC-IIPOLYIIUPYIONINX KJIETOK
MIPOKCHUMAaJIbHBIX OT/IeJIOB cKJaepbl Mexxay I1TN u TI9T.

J14 TJIayKOMBI XapaKTepHO CYIeCTBOBAaHHE
pAzla maroreHeTndeckuxX (aKTOPOB KaK IIE€pBUY-
Horo noBbimeHus BI/l, Tak u penuauBa odraib-
MOTHIEPTEH3UN B NOCJEONEePAllUOHHOM IIepu-
ozfie. 3HAaUUMMYI0 POJIb B IIaTOT€He3€e Pa3JIMUHbIX
¢opMm ry1ayKoMBl U B IPOTHO3€ IMOCJIEONEPaIoH-
HOTO HCXO0/la OTBOJAT U3MEHEHUAM COeTUHUTEIb-
HOU TKaHU JPEeHaKHOU CHCTEMBI ri1a3a [16]. Beipa-
JKEHHOCTb pereHepaTOPHBIX peakIuii B 30He TUIO-
TEH3UBHOMU OIlepalliu OIpesiesisieT CKOPOCTh U CTe-
IeHb OOJIUTEepAallii BHOBb CO3JIAHHBIX IyTEH OT-
toka BIJK [17]. PenmapaTuBHas pereHepanus sBJisi-
eTCsl MHOTOKOMIIOHEHTHBIM ITPOIIECCOM, 00YCJIOB-
JIEHHBIM KOMIIJIEKCHBIM OTBETOM COEUHUTEIHBHOU
TKaHU C y4acTHeM KJIETOK U Pa3JIMYHBIX MeJHaTo-
poB. O6pa3oBaHue pyOIIOBOH TKAHU MOKET 00bsIC-
HATHCSA KaK UHT'UONPOBAHUEM BOCCTAHOBUTEIBHO-
ro MeXaHU3Ma, TaK U U30BITOUHBIMU perapaThB-
HBIMH cTUMYyJaamu [18].

Ilo JaHHBIM THCTOJIOTUYECKOr'0 U3yYeHU CKJle-
PaJIbHBIX JIOCKYTOB ITAIIUEHTOB C pa3HBIMU OpMaMU
IJIAYyKOMBI MCCJIEZJ0OBAHO PEMOJIEIMPOBAHUE COeIU-
HUTEJIBbHOU TKAHU CKJIEPhI B 3aBUCHMOCTHU OT YPOB-
Hs perennuu BIJK. BI' oTyinuaeT HauboJibliee KOJIU-
4eCTBO MATPHUKC-IPOAYLUPYIOIINX KJIETOK B CpaB-
HeHuU ¢ 3YI, 4TO 1103BOJIIET T'OBOPUTH O BBICOKOM
nposndepaTHBHOM IOTEHI[HAe CKJIEPHI, BEPOAT-
Hee Bcero, cBA3aHHOM ¢ BozpactoM. IIpu I0I' u ITOYT
He BBISIBJIEHO IOCTOBEPHBIX OTJIMIHH 110 KOJTUYECTBY
MaTPHUKC-IIPOAYLUPYIOIIUX KJETOK U KJIETOK WH-
¢unprpara, YTO MOKA3bIBAET HE3HAUUTEJIHHYIO POJIb
MaTpHUKca CKJepsl B pa3suTtuu perteHnuu BIK. Ilpu
IIT" u mpu [19I" oty yeHbI JOCTOBEPHBIE OTJINUUSA OT

tissue with the participation of cells and various
mediators. The formation of scar tissue can be ex-
plained both by inhibition of the repair mechanism
and by excessive reparative stimuli [18].

According to a histological study of scleral flaps
of patients with different forms of glaucoma, remod-
eling of connective tissue of the sclera was studied de-
pending on the level of AH retention. CG is featured
by the largest number of matrix-producing cells in
comparison with ACG which suggests a high prolif-
erative potential of the sclera, most likely associated
with age. In JG and SOAG no significant differences
were found in the number of matrix-producing cells
and infiltrate cells which shows an insignificant role
of the sclera matrix in the development of AH re-
tention. In PG and PEG significant differences from
SOAG were obtained in the number of sclera matrix-
producing cells which indicates a high proliferative
potential and a greater likelihood of excessive fibrosis
of the outflow pathways (Fig. 8). In addition, in PG, as
compared with SOAG and PEG, the number of mono-
nuclear cells prevailed which can be explained by a
response to multiple pathological inclusions. In this
case, accelerated obliteration of the outflow pathways
of AH may be associated with high proliferative and
biosynthetic activity of fibroblasts stimulated by me-
diators of melanophages of the drainage system.

Thus, it can be assumed that depending on
the level of the hydrodynamic block the degree of
damage of the outflow pathway of AH will be de-
termined by a combination of the properties of the
resident cell composition, as well as the degree of
mononuclear recruitment and activation of stromal
matrix-producing cells.

The revealed changes cause the development
of increased resistance to the outflow of AH which
determines the specifics of the postoperative tissue
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OKT ITpokcumanpHasa ckiepa /

JCT

Bpoxnennas / Congenital

3akpertoyrosibHast / Angle -closure

IOBenwibHas / Juvenile

IlepBuuyHasi OTKphITOyrosibHasi / Simple openangle

IMurmenTHas / Pigmentary

IceBmoakchonmarneHas / Pseudoexfoliation

JucranbHas ckiiepa /
Distal sclera

Proximal sclera

Puc. 8. CrerneHb nopakeHust IPEHAKHOU CUCTEMBI [J1a3a B 3aBUCHMOCTH OT (POPMBI TJIAyKOMBI
(YIOKT — roKCcTaKaHAJIUKYJISIPHAS TKAHb)
Fig. 8. The degree of lesion of the eye drainage system depending on the form of glaucoma
(JCT — juxtacanalicular tissue)

I[TOYT mo Kosu4ecTBY MaTPUKC-IIPOAYIUPYIOIIUX
KJIETOK CKJIEPBI, UYTO CBUJIETEJIHCTBYET O BBICOKOM
nposindepaTUBHOM TOTEHIHAE U OOJIBIIEH Bepo-
SITHOCTH U30BITOYHOTO (HGUOPO3UPOBAHUS IIyTEN OT-
toka (puc. 8). Kpome Toro, nipu II' B cpaBHeHUH C
IIOYT u II9I' npeBajupoBajio KOJIUYECTBO MOHO-
HYKJIEAPHBIX KJIETOK, UTO MOXKET OOBSACHATHCSI OT-
BETHOU peakIjuell HA MHOKECTBEHHBIE TIaTOJIOTHYe-
CKHe BKJIIOUeHU:. B TaHHOM cityuae ycKopeHHAas 00-
surepanus myrteil orroka BIK moxeT GbITh cBs3a-
Ha ¢ BBICOKOH IPoJIHepaTUBHON U OMOCHHTETHYE-
CKOM aKTUBHOCTBIO (GUOPO6IIACTOB, CTUMYTUPYEMBIX
MeaTOpaMu MeJlaHo(haroB JIpeHaKHON CUCTEMBI.
Taxum 06pasoM, MOXKHO IPEIOJIOKUTH, UTO
B 3aBHUCHUMOCTH OT yPOBHS THAPOAMHAMHYECKOTO
6s10Ka cTeleHb MopakeHus myTel oTToka BIK Oy-
JIET OIIPENEIATHCA COUETAHUEM CBOMCTB PE3UIEHT-
HOTO KJIETOUHOI'0 COCTaBa, a TaKKe CTEleHbIO pe-
KpPYyTHUPOBaHUA MOHOHYKJIEADHBIX W aKTHUBaIueu
CTPOMAaJIPHBIX MAaTPUKC-TIPOAYIIUPYIOMUX KIETOK.
BrlsiBJIeHHBIE U3MEHEHUsI 00yCIOBIUBAIOT Pas3-
BUTHE NOBBIIIEHHON Pe3UCTEeHTHOCTU OTTOKY BI7K,
UTO OIpeJiesisieT crenuduKy MOoCIeonepanuoHHON
TKAaHEBOU PEaKIUU U, COOTBETCTBEHHO, /I€TEPMU-
HUpyeT pedpPaKTEePHOCTh IVIAyKOMHOrO IIpolecca.
CTpyKTypHBle H3MEHEHUS COeJMHUTEJIbHOU TKa-
HH JIpEHA’KHOU CHCTEeMBI IvIa3a IpU pasHbIX ¢GHop-
Max IJIayKOMbI HOCAT MOJIUMOPQHBIHN XapaKTep, YTO
IIO/ITBEPIK/IAET 11€J1eCO00PA3HOCTh HCIOJIH30BAHUSA
nuddepeHITPOBAaHHOTO aJITOPUTMA IIPU MIJIAHUPO-
BaHUU 00'beMa OIlepaTUBHOTO JiedeHu. IIpu cosna-

reaction and, respectively, determines the refracto-
riness of the glaucoma process. Structural changes
in the connective tissue of the eye drainage system
with different forms of glaucoma are polymorphic
in nature that which confirms the advisability of
using a differentiated algorithm when planning the
volume of surgical treatment. When creating arti-
ficial pathways of the outflow of AH it is necessary
to take into account the level of the hydrodynamic
block and to reach intact scleral areas.

CONCLUSION

According to comparative morphometric
analysis, statistically significant differences in the
numerical density of matrix-producing cellular el-
ements and cellular infiltrate in different forms of
glaucoma were revealed which indicates a high
pathogenetic significance of changes in the connec-
tive tissue of the eye drainage system in the glau-
coma process. Clinical polymorphism and the di-
versity of glaucoma’s forms explain the absence of
a universal surgical aid. The degree of damage to
the pathways of the AH outflow is determined by
the number of matrix-producing cells, as well as the
degree of recruitment of mononuclear cells which
must be taken into account when developing patho-
genetically substantiated, personalized approaches
to the surgical treatment of patients with glaucoma.
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HUM UCKYCCTBEHHBIX IyTel orToka BI2K HeoOxonu-
MO YYUTHIBATh YPOBEHD I'UAPOJUHAMHUIECKOTO OJI0-
Ka U JJOCTUTATh HHTAKTHBIX YUACTKOB CKJIEDHI.

3AKJIIOYEHHNE

ITo JaHHBIM CPaBHUTEJIBHOTO MopdoMeTprye-
CKOTO aHAJIN3a BBIABJIEHBI CTATUCTUYECKH [OCTO-
BepHBIE Pa3JINYN S YHCIEHHOU IIJIOTHOCTH MaTPUKC-
MPOAYIUPYIOIIUX KJIETOYHBIX 2JIEMEHTOB U KJIETOY-
HOro UHQUIbTPaTa IPHU pa3HbIX GopMax IJ1ayKOMBI,
YTO CBUJIETEILCTBYET O BHICOKOU ITATOT€HETHYECKON
3HAYMMOCTU W3MEHEHHH COeMHUTEJIbHOH TKaHHU
JIPEHAKHOH CHCTEMBI IVIa3a B IVIAYKOMHOM ITPOIieC-
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ce. Knmanueckuii mostmmMopdusM 1 MHOrooobpasue
dopm mIayKoMbl OOBACHSAET OTCTYTCTBHE YHHUBED-
CaJIBHOTO oOmepaTuUBHOro nocobus. CreneHs mopa-
skeHHsA myTed orToka BI2K ompenesnsercs komude-
CTBOM MAaTPUKC-IPOAYIIUPYIOIINX KJIETOK, a TaK¥Ke
CTENEHBIO0 PEKPYTUPOBAHU I MOHOHYKJIEAPHBIX KJIe-
TOK, YTO HEOOXOUMO YUHTBHIBATh IIPU pa3paboTke
IaToreHeTHYeCKH 0OOCHOBAHHBIX, IEPCOHATTN3UPO-
BAHHBIX ITO/IXOZIOB K XUPYPTrUUECKOMY JIEUEHHUIO a-
[IFIEHTOB C IJIAyKOMOM.

KoHnduKT nHTEpEeCcOB. ABTODHI 3a5BJISIOT 00
OTCYTCTBUU KOH(JINKTA HHTEPECOB.
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