ORIGINAL RESEARCHES \_ \@

https://doi.org/10.17816/0V10889

CORNEAL ENDOTHELIUM AFTER LASER ACTIVATION OF TRABECULAR MESHWORK
IN PATIENTS WITH PRIMARY OPEN-ANGLE GLAUCOMA
© V.N. Yashina, T.V. Sokolovskaya, P.L. Volodin

S. Fyodorov Eye Microsurgery Federal State Institution, Moscow, Russia

For citation: Yashina VN, Sokolovskaya TV, Volodin PL. Corneal endothelium after laser activation of trabecular meshwork in patients
with primary open-angle glaucoma. Ophthalmology Journal. 2019;12(3):7-11. https://doi.org/10.17816/0V10889

Received: 16.01.2019 Revised: 06.02.2019 Accepted: 17.09.2019

<> Background. Nowadays, laser surgery methods for glaucoma treatment gained wide use in clinical practice
due to their efficacy, safety, and minimal risk of postoperative complications. In the scientific literature, data are
presented on the effect of laser radiation on corneal endothelial cells that is why this aspect should be investi-
gated when using new laser technologies in glaucoma treatment. One of the most modern methods of corneal
examination is confocal microscopy, which allows visualizing corneal tissue at cellular level. Purpose: to study
the impact of laser radiation on the state of corneal endothelial cells in YAG-laser activation of trabecular mesh-
work in patients with primary open-angle glaucoma. Materials and methods. Sixteen eyes of 15 patients
were included in the analysis. The mean age of patients was 65.8 + 5.35 years. In all patients, YAG-laser
activation of trabecular meshwork was performed. At different follow-up terms (up to 6 months after laser
surgery) the level of IOP was controlled, the state of corneal endothelium was studied using confocal
microscopy. Results. According to dynamic follow-up confocal microscopy results, no statistically signifi-
cant difference between average density of endothelial cells, polymegathism, and pleomorphism have been
identified (p > 0.05). Conclusion. The study did not reveal any negative impact of YAG-laser activation
of trabecular meshwork on the endothelium of the cornea, suggesting the safety of this technology.

<> Keywords: primary open-angle glaucoma; YAG-laser activation of trabecular meshwork; corneal en-
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<> Bsedenue. baaronapsi 3hdekTUBHOCTH, 6€30MACHOCTH U MUHMMAaJbHOMY PHCKY M10OCJI€0NepaliHOHHbIX
OCJIOXKHEHHE B HACTOsilllee BPEMS LIIHPOKOE MPUMEHEHHE B KJIUHUUECKOHN MPAKTHKE MOJYUHJIH Ja3epHble
METOJIbl JIeUeHHUs IJIayKoMbl. B HayuHOU jiuTepaType MpejicTaBJeHbl JaHHbIe O BJUSHUH JA3€PHOTO U3-
JiydeHHsl Ha SHAOTEeJHaJIbHble KJETKH POTOBHILBI, TOITOMY 3TOT acleKT HeoOXOAMMO HMCCJel0BaTh TPH
UCIMOJIb30BAHUH HOBBIX JIA3€PHBIX TEXHOJIOTHH B jiedeHUU rjaykoMbl. OQHUM U3 HauOOJiee COBPEMEHHbBIX
METOJIOB MCCJIe/JOBAHUS POTOBHILbI sIBJseTCH KOH(OKAJbHA MUKPOCKOIHUS, MO3BOJISONLAS BU3YaJU3H-
poBaTh TKaHb POTOBHILLI HA KJETOUHOM ypoBHe. Ileasb uccaedosanuss — W3yUUTb BJHSHHUE Ja3epHOTO
M3JyUeHHUs Ha COCTOSIHUE H0TEHAJbHBIX KJAETOK POroBulbl pu YAG-s1a3epHoil akTUBALIUK TPAOEKYJIbl
y 60JIbHBIX TIEPBUYHOI OTKPBITOYTOJIbHOMH ryiayKoMoi. Mamepuaast u memodot. [Tojn HabJoieHUEeM HAaXO0-
Jqusnck 15 nauenTtoB (16 ryas), cpennuii Bospact — 65,8 + 5,35 rona. Becem naiinenTam 6blya mpoBejieHa
YAG-nasepHasi aktuBalusi TpabeKysbl. B pasjinubble cpoku HabJoAeHUs (0 6 Mec. rmocJie Ja3epHoro
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JieueHHUs1) KOHTPOJIMPOBAJIM YPOBEHb BHYTPUIJIA3HOTO JlaBJIEHHUS, OLIEHUBAJIK COCTOSTHHE SHJAOTEJHUS PO-
TOBMIIBI C TIOMOIILIO KOH(OKaJbHOH MHKpocKonuu. Pe3yasvmamot. CTaTHCTHYECKH TOCTOBEPHBIX pas-
JUYUH TIOKa3aTesiel cpelHell MAOTHOCTH SHAOTEJHOLUTOB, MOJUMEraTu3dma 1 rnieoMopguama mno pesyJib-
TaTaM KOH(OKaJbHOH MHKPOCKOTIHH MPU JUHAMUUECKOM HabJII0JIeHHH YCTaHOBJIeHO He Gbiyio (p > 0,05).
3akaruenue. [1o pesyjibraTaM HCCJEJ0BaHUs OTPUIlATENbHOTO Bo3aekcTBHSI YAG-/1a3epHOH aKTHBALHH
TpaOeKyJ/bl HA SHJIOTEJUNH POrOBULbI HE BbISIBJEHO, UTO CBUJETEJNbCTBYET 0 O€30MaCHOCTH JaHHOH Tex-

HOJIOTHH.

<> Katouesvle cnosa: nepBruuHasi OTKPbITOyroJibHas riaaykoma; YAG-/nasepHasi akTuBallust TpabeKyJibl;

SH[[OTQJII/Iﬁ POroBHULLbI; KOHq)OKa.HbHaH MUKPOCKOIHS.

In recent years, laser techniques have been
widely used in the treatment of primary open-
angle glaucoma (POAG) to improve intraocular
fluid outflow by activating the trabecular meshwork.
These techniques produce minimal damage to the
trabecular tissue while being pathogenically oriented
[1, 2]. Selective laser trabeculoplasty is most widely
used and effectively reduces intraocular pressure
(IOP) with minimal risk of complications (Latina,
1995) [3, 4].

Kurysheva et al. (2012) observed the formation of
“voids” in the photographs of corneal endothelium
an hour after selective laser trabeculoplasty (SLT).
They concluded that apoptosis of endothelial
cells was accelerated under the influence of laser
energy [5].

According to K. Ong (2015), K. Atalay (2016),
and N. Ornek et al. (2017), changes in the corneal
endothelium after a single SLT session in patients
with POAG were temporary, and all endothelial cell
parameters returned to preoperative values one month
after treatment [6—8].

K.E. Leahy et al. (2018) in a study of six cadaver
eyes showed that disruption of tight junctions between
corneal endothelial cells was observed after SLT,
which could have been caused by the release of free
radicals [9].

Thus, the investigation of corneal endothelial
cells’ state at laser procedures is an urgent scientific
problem.

YAG-laser activation of the trabecular meshwork
is a new, efficient, and safe technique [10].

It proceeds according to the following mechanism:
a “shock wave” is formed above the trabecular surface,
which drives the aqueous humor from the anterior
chamber and various deposits from the trabecular
surface. Therefore, the trabecular slits are “washed”
under pressure [1, 2].

Unlike SLT, this technique can be used in patients
with POAG regardless of the degree of pigmentation
of the drainage zone structures (Fig. 1, 2)
(1, 2].

According to T.V. Sokolovskaya et al. (2015),
in the long-term postoperative period (follow-up
period of up to three years), YAG-laser activation of
trabecular meshwork provides a reduction in IOP in
81% of patients with POAG [2]. However, the corneal
endothelium state, an important indicator of the laser
intervention safety, has to be investigated.

Therefore, we aimed to evaluate the effect of laser
radiation in YAG-laser activation of the trabecular
meshwork on corneal endothelial cells’ state in

patients with POAG.

Fig.1. Low degree of anterior chamber angle
pigmentation (gonioscopy)
Puc.1. Cnabasi creneHb MUIMeHTALUH CTPYKTYp

yrJaa nepeaHel Kamepbl (TOHHOCKOMHS)

Fig.2. High degree of anterior chamber angle pigmen-
tation (gonioscopy)
Puc. 2. BruipakeHHast cTeleHb MUIMEHTAIMH CTPYKTYp

yryia rnepeaHeil KaMmepbl (TOHHOCKOMHUS)
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MATERIALS AND METHODS

We monitored 15 patients (16 eyes, 7 men and
8 women aged 53 to 74 years). The average age of
patients was 65.8 + 5.35 years. The initial stage of
POAG was noted in 68.8% patients (11 eyes out of
16), and the developed stage was registered in 31.2%
patients (5 eyes out of 16).

Before laser treatment, patients used IOP-
lowering drops such as beta-blockers (7 eyes, 43.8%),
carbonic anhydrase inhibitors (6 eyes, 37.5%), and
prostaglandin analogues (3 eyes, 18.7%).

All patients underwent YAG-laser activation of the
trabecular meshwork with the NdYAG laser radiation
parameters as follows: laser wavelength of 1064 nm;
radiation energy of 0.8—1.2 mJ; spot diameter of
8—10 pm; exposure time of 3 ns; and the number of
impacts of 55—70 over 360° at an equal distance from
each other. Preoperative preparation included topical
local anesthetic instillation (0.4% oxybuprocaine).
One hour before surgery, IOP was measured, and
confocal microscopy was performed. One hour after
the YAG-laser activation of the trabecular meshwork,
[IOP was measured, eye biomicroscopy and confocal
microscopy were performed.

Table 1/ Tabnnya 1

2J

The follow-up time points were at 1 hour,
1 week, 1 month, and 6 months after surgery.
In the postoperative period, patients received
topical instillations of the non-steroidal anti-
inflammatory drug indomethacin (0.1% solution)
for 5 days.

The state of endothelial cells was examined using
a ConfoScan 4 confocal microscope (Nidek, Japan)
aiter topical local anesthesia was applied using 0.4%
oxybuprocaine solution. The study evaluated the
average density parameters of endothelial cells in
the central area of the cornea, and we documented
pleomorphism and polymegathism.

Statistical analysis was performed using the SPSS
software package. The statistical significance of the
average indicators was assessed using the Student’s
{ test.

RESULTS

In  our clinical study, no intraoperative
complications occurred and there was only one case
of reactive hypertension. IOP data at different follow-
up time points are shown in Table 1, and confocal
microscopy findings are summarized in Table 2.

Intraocular pressure level (Maklakov tonometry, mm Hg) after YAG-laser activation of trabecular meshwork in primary open-angle glaucoma

patients at different follow-up terms (M £ o)

YpoBeHb BHYTpUrnasHoro gasnexns (no Maknakosy, Mm pT. ¢T.) nocne YAG-na3epHoil akTuBaLun Tpabekynbl y NaUMEHTOB ¢ NEPBUYHON

OTKPbITOYroMbHOI rNAaykOMOil B pa3Hble CPOKM Habntopenus (M + )

- After YAG-laser activation of the trabecular meshwork
Before YAG-laser activation of
Intraocular pressure level, the trabecular meshwork Th 1 week 1 month 6 months
mm Hg
2485 +54 18.5 + 4.1 208 +4.9 181 +28 179+ 26
Table 2 / Tabnuua 2

Confocal microscopy indices after YAG-laser activation of trabecular meshwork in primary open-angle glaucoma patients at different follow-

up terms (M+ o)

Moka3zatenu kKoHthokanbHoi Mukpockonuu nocne YAG-na3epHoil akTuBaLMn TPaBeKyNbl Y NALMEHTOB C NEPBUYHON OTKPLITOYrOMIbHOA rNayKoMOi

B pa3Hble CPOKW Habnopenus (M + o)

Before YAG-laser After YAG-laser activation of the trabecular meshwork
Indices activation of the
trabecular meshwork 1h 1 week 1 month 6 months
Endothelial cell density 2435.8 +159.0 23745+ 1504 2502.2 £+ 2475 2324.7 + 2351 24291+ 163.0
Polymegathism 457 +10.2 495+87 48.2 +91 449+85 451+88
Pleomorphism 46.8+10.5 436+97 447 £ 77 46.3+75 455+ 81
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Fig. 3.

Confocal microscopy, endothelial cells before
YAG-laser activation of trabecular meshwork

Puc.3. KoucokasnbHas MUKPOCKOIHUSI, SHIOTeJHAJbHbIE

KJieTKH 10 YAG-/1a3epHO# aKTHBALLUK TpaGeKyJIbl

Table 3 / Tabnmua 3

Fig.4. Coniocal microscopy, endothelial cells after

YAG-laser activation of trabecular meshwork

Puc.4. KoudokasbHasi MHKPOCKONHS], 3IHAOTE/HAJbHbIE
KJIeTKH Yepe3 6 mec. nocsie YAG-s1a3epHoil akTu-

BalMU TpabeKyJ

Automated perimetry and HRT indices after YAG-laser activation of trabecular meshwork in primary open-angle glaucoma patients at different

follow-up terms (M £ o)

Moka3zatenu komnbroTepHoii nepumetpuu u HRT o 1 nocne YAG-nas3epHoit akTuBauun Tpabekynbl y NaLMEHTOB C NEPBUYHOR OTKPbITOYrOMbHOI

rnaykomoii (M £ o)

S 1 it s e 4
MD, dB —6.36 + 2.81 —6.41 £ 274
PSD, dB 507 + 217 5.05 + 2.07
Neuroretinal rim area, mm? 129 + 0.37 1.31+0.38
Neuroretinal rim volume, mm3 0.26 £ 0.12 0.30 £ 0.14
Cup to disc ratio 0.59 + 0.09 0.60 = 0.09
Mean thickness of the nerve fiber layer, mm 017 £ 0.07 0.18 + 0.09

Note. MD (mean deviation) is the perimetric index characterizing the average deviation of the retinal photosensitivity; PSD (pattern standard

deviation) is an integral indicator of local defects.

There were no statistically significant differences in
the average density of endothelial cells, pleomorphism
or polymegathism during follow-up (Fig. 3, 4).

According to automated perimetry and HRT, there
were no adverse changes in the shape or size of the
blind spot, no increase in the number of absolute
scotomata in the central visual field, no decrease in
the neural rim volume, and no increase in the optic
disc cup in the patients (Table 3). This indicated that
the glaucoma process was stabilized.

Our results suggests that YAG-laser activation
of the trabecular meshwork has minimal damaging

effects on the corneal endothelial cells due to the low
energy parameters of the laser exposure, the very
short exposure to the laser impact (3 ns), and a small
spot diameter of only 8—10 pm. In contrast, SLT has
a much larger spot diameter of 400 pm, which may
explain the changes in the corneal endothelial cells
in the early period after SLT.

CONCLUSION

Our study shows that the corneal endothelium is
not damaged by YAG-laser activation of the trabecular
meshwork in POAG patients.
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