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COMBINED LASER TREATMENT OF EARLY IDIOPATHIC EPIRETINAL MEMBRANE:
CLINICAL EVALUATION OF THE DEVELOPED TECHNIQUE
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Process of development of epiretinal membrane (ERM) on the retinal surface of macular area is one of the important problems associated with vitreoretinal
pathologies. Up to the present day, there has not been developed an effective method to arrest fibrosis at the early stages of its development. This study aimed to
evaluate efficacy and safety of the new combined laser technique designed to treat early idiopathic ERM (stages 0-1). Ninety-two patients aged 64.7 + 9.6 years
(mean) participated in the clinical research. They were divided into three groups: treatment group (n = 32), patients whose ERM was treated following the new
combined laser technique; comparison group (n = 30), patients who underwent grid laser coagulation; control group (n = 30), no treatment, observation of the
natural course. Based on the results of examination of the patients, we assessed uncorrected visual acuity, best corrected visual acuity, central retinal thickness,
central retinal sensitivity. Assessed against the results registered in comparison and control groups, the developed combined laser treatment technique applied in the
treatment group proved to be highly effective in maintaining/improving visual functional indicators and stabilizing/improving morphofunctional indicators throughout
the entire period of observation. As pertains to the morphological and functional structures of sensory retina, the technique enabled retinal sensitivity improvement
at different stages of observation, which reflects its safety and efficacy.
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KIMHUNYECKASA OLLEHKA PA3PABOTAHHON TEXHOJNOIMMMN KOMBMHUPOBAHHOIO JIASEPHOIO
JIEHEHNA NMPU HAYANbHbIX CTAOUAX NOANONATUHECKOW SNMNPETUHAJIbBHOUN MEMBPAHbDI
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OpHoM 13 akTyanbHbIx MPobieM BUTPEOPETVHAMBHOM MaToNorn SBASETCH MPOLECC (POPMUMPOBaHMS aNMPETUHANBbHOM MeMbpaHb! (OPM) Ha peTuHanbHoM
MOBEPXHOCTY MaKy/SPHO 30HbI. [l0 HACTOSILLIErO BPEMEHM He CYLLIECTBYET a(h(PEKTUBHbIX METOLOB, OKa3bIBAIOLLIVX aHTUMPOAMGEpaTUBHOE 1 aHTUKOHCTPUKTOPHOE
nevicTere Ha (hbPO3HbIN NPOLECC Ha HaYabHbIX 3Tanax ero pa3suTus. Lienbio nccnenoBaHns SBnanach oLeHka ahheKTNBHOCTI 1 6e30MacHOCTY TEXHOMO N
KOMBVHMPOBAHHOMO 1a3ePHOMO le4eHNs MaLMEHTOB C HaYasbHbIMK cTaauamm (0—1 cTaauns) narnonatmdeckoin SPM. B knHYeckoe nccnenosaHmne Obiim BKIIIOHeHbI
92 nauvenTa (64,7 + 9,6 net). OcHOBHytO rpynny coctaBum 32 nauyeHTa (32 rnasa), KOTopbiM Obl0 MPOBEAEHO Na3epHOE NeYeHre No KOMOUHNPOBAHHOM
TexHonornn. pynny cpaeBHerus coctasunm 30 naumeHToB (30 rnas), feyeHne KOTOPbIX OCYLLECTBASNOCH C MPUMEHEHMEM JIAa3epHON Koarynauum no Tuny
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TeyeHneM npomgepaTnBHOro npoLiecca 6e3 NasepHoOro 1 KOHCEePBAaTVBHOMO fliedeHus. 1o pesynstatam ohTanbMoornieckoro obcnefoBaHmns npoBoAnIach
OLeHKa HEeKOpPernpoBaHHOM OCTPOTLI 3PEHUS, MakCKManbHO KOPPErvpoBaHHON OCTPOTbI 3PEHNS, LIeHTPaNIbHOM TOMLLMHBI CETHYATKN W LieHTPpasbHON
CBETO4YBCTBUTENBHOCTUN ceTHaTKN. PagpaboTaHHas TeXHONOMMSt KOMOMHMPOBaHHOMO NIa3ePHOro fleHeHMst mokasana BbICOKYHO 3(hdEKTUBHOCTb, 3aKSOHAIOLLYIOCS
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CEeTHaTKN OTPaKanach B yBEMMHEHWI NOKa3aTenen CBETOHYBCTBUTENBEHOCTY CETHATKM B Pa3fnYHble CPOKN HaOMOAEHS.
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In the recent years, numerous researchers studied the problem Despite the considerable progress in understanding
of formation of connective tissue in the eye [1-4]. However,  etiological, pathological and genetic mechanisms of formation
there is one special vitreoretinal pathology, macular fibrosis,  of epiretinal membrane (ERM), some questions pertaining to the
which causes significant deterioration and even irreversible loss  development idiopathic ERM remain unanswered [5]. The main
of visual function in working age population. factors contributing to the development of this pathology are:
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impaired biomechanical processes at the vitreoretinal interface,
namely, posterior vitreous detachment (PVD); micropores in
the internal limiting membrane (ILM); pathological changes
of the macular microvasculature [6-8]. Regardless of the
pathogenetic mechanism of ERM development, migration and
proliferation of various cell types play a key role in its formation
and progression, the cells being glial cells (Muller retinal cells,
astrocytes and microglia), hyalocytes, macrophages, retinal
pigment epithelium (RPE) and retinal surface fibroblasts [9, 10].
Influenced by cytokines and growth factors, these cells
transdifferentiate into a phenotype similar to myofibroblasts [11].
With aseptic inflammation in the background, myofibroblasts
undergo apoptosis [11, 12]. In fibrosis, myofibroblasts activate
and, when persisting for a long period of time, cause excessive
deposition of collagen followed by its remodeling [13]. Evidence
obtained through ophthalmoscope examination [14] and with
the help of a number of current fundus pathology investigation
methods allows isolating three main stages (grades) of ERM
development: stage 0 — cellophane maculopathy, stage 1 —
crinkled cellophane maculopathy, and stage 2 — macular
puckering. Depending on the stage, clinical manifestations of
the disease vary from total lack of symptoms to a significant
visual function deterioration [15]. To date, there are no safe and
effective methods that allow slowing down cell proliferation and
progression of fibrosis in its early stages.

Globally, medical researchers and practitioners successfully
subject late-stage ERM to vitreoretinal surgery, having
accumulated significant related experience. However, despite
the positive surgery results, numerous histological studies have
shown that ILM peeling damages Muller cells and compromises
retina architectonics and biomechanical strength [16, 17]. As a
result, complete restoration of vision after such surgery occurs
in 5-25% of cases only [18]. Moreover, this kind of treatment
is prescribed in case the clinical symptoms, i.e. visual function
alteration and/or deterioration, are pronounced. Up to the
present, the main tactic for managing ERM patients has been
dynamic observation [19].

Thus, development of an effective and safe early-stage ERM
treatment technique yielding stabilization and/or improvement
of vision and functional indicators is an urgent problem.

Given the urgency, such a technique was developed in the
Research Center for Ophthalmology of Pirogov Russian National
Research Medical University. The technique combines grid
laser photocoagulation and exposure to 577 nm subthreshold
micropulse laser light (RF patent Ne. 2634684, 02.11.2017), the
two techniques that differ in their mechanism of action [20]. This

study aimed to evaluate efficacy and safety of the combined
laser technique designed to treat early idiopathic ERM (stages 0-1).

METHODS

Ninety-two patients aged 64.7 + 9.6 years (mean) participated
in the clinical research. The inclusion criteria were: early
idiopathic epiretinal membrane (stage 0-1) with concomitant
lens pathology: pseudophakia or early cataract.

All patients were randomized into three groups depending
on the treatment tactics. The treatment group included
32 patients (32 eyes); they underwent laser treatment following
the combined technique developed at the Research Center for
Ophthalmology of Pirogov Russian National Research Medical
University. The comparison group consisted of 30 patients
(80 eyes); their treatment was laser coagulation, "lattice"
type. The control group included 30 patients (30 eyes); they
received neither laser nor conservative treatment, and natural
proliferation of their fibroses was under dynamic observation.

The new technique is a combination of grid laser
photocoagulation and subthreshold micropulse laser irradiation
[20]. We used IRIDEX 1Q 577 retinal surgery laser (IRIDEX
Corporation, Mountain View; USA) that works in continuous
and micropulse modes.

Grid laser photocoagulation was the first stage of the
treatment. We irradiated the entire surface of ERM except for the
avascular zone; the wavelength was 577 nm, power — 50 mW,
pulse duration — 0.05 s, spot diameter — 100 um, distance
between coagulates — 150 pm. After two weeks, ERM was
exposed to subthreshold laser micropulses (second stage of
the combined laser treatment technique); the wavelength was
577 nm, pulse packet duration — 30 ms, micropulse duration —
50 ps, pulse ratio — 4.7%, spot diameter — 100 um, power —
50 mW (Table 1). Since we registered no significant changes
after the 4th session, treatment group patients had only
3 sessions of subthreshold micropulse laser treatment, each a
month apart.

All patients underwent standard ophthalmic and special
examinations: multispectral with various filters (Blue, Green,
Infrared Reflectance, MultiColor), spectral optical coherent
tomography (SOCT) «Spectralis OCT» (Heidelberg Engineering,
Inc; Germany ) and microperimetry MAIA (CenterVue; Italy).

All participants were examined before treatment and 3
months, 6 months, 1 year, 2 years, 3 years, 4 years and 5 years
after treatment. Treatment and comparison group patients also
underwent examination after each stage of laser treatment.

Table 1. Protocol of the developed combined laser treatment technique for idiopathic ERM

Grid laser coagulation
Wavelength (nm) 577
Spot diameter (um) 100
Emission power (mW) 50
Micropulse duration (us) 50
Number of applicates 60-90
Energy parameters Subthreshold micropulse laser exposure
Wavelength (nm) 577
Spot diameter (um) 100
Emission power (mW) 50
Micropulse duration (us) 50
Micropulse packet duration (ms) 30
Pulse ratio (%) 4.7
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Central retinal sensitivity was used as the basis for clinical
assessment of safety of laser treatment.

We assessed uncorrected visual acuity (UVA), best corrected
visual acuity (BCVA), central retinal thickness (CRT), central
retinal sensitivity (CRS). These indicators were subjected
to normal distribution; methods of parametric statistics
(paired sample t-test) were applied to the data acquired
to compare benchmark figures and results of treatment at
different observation timepoints. Single-factor analysis of
variance (ANOVA) was used to assess the significance of differences
in comparison of results from more than two independent
groups. The differences were considered statistically significant
at p < 0.05.

Table 2. Clinical and functional results of treatment of patients (clinical groups)

METHOD | OPHTHALMOLOGY

RESULTS

Results of initial examination of patients from the treatment
group (32 eyes): UVA — 0.45 + 0.31, BCVA — 0.9 + 0.13,
CRS (microperimetry data) — 26.3 + 1.65 dB, CRT (OCT data,
mean) — 282.8 + 27.1 ym.

In the comparison group (30 eyes), the pre-surgery indicators
were: UVA — 0.44 + 0.26, BCVA (mean) — 0.86 = 0.15, CRT
(mean) — 26.3 + 1.57, CRT (mean) — 292.4 + 62.2 um.

Initial indicators registered in the control group (30 eyes) were
as follows: UVA (mean) — 0.64 + 0.23, BCVA — 0.87 + 0.14, CRS
(mean, microperimetry data) — 27.1 + 1.52 dB, CRT (mean) —
301.4 + 44.8 um.

Observation period Treatment group Comparison group Control group ANOVA, p
Mean uncorrected visual acuity
Before treatment 0.45 + 0.31 0.44 + 0.26 0.64 +0.23 0.01
3 months 0.57 £ 0.3 0.47 + 0.27* 0.63 + 0.23* 0.08
6 months 0.59 + 0.31* 0.43 +0.27¢ 0.6 + 0.24* 0.13
Year 1 0.61 +0.31* 0.42 +0.27* 0.56 + 0.26" 0.04
Year 2 0.61+0.3" 0.42 + 0.27* 0.53 + 0.25* 0.03
Year 3 0.6 + 0.3* 0.42 +0.27¢ 0.48 + 0.26* 0.03
Year 4 0.61 +0.2* 0.42 +0.27¢ 0.45 +0.27* 0.01
Year 5 0.61 +0.29* 0.41 +0.27* 0.43 + 0.28" 0.01
Mean best corrected visual acuity
Before treatment 0.9 +0.13 0.86 + 0.15 0.87 £ 0.14 0.53
3 months 0.95 +0.1* 0.85+0.16 0.85 +0.14* 0.007
6 months 0.95 +0.1* 0.85+0.16 0.85 + 0.14* 0.007
Year 1 0.95+0.1* 0.83 +0.17* 0.83+0.17* 0.001
Year 2 0.95+0.1* 0.81 +0.18* 0.8 +0.17* 0.000
Year 3 0.94 +0.1* 0.78 + 0.19* 0.75 +0.2* 0.000
Year 4 0.94 + 0.1* 0.76 + 0.19* 0.7 + 0.23* 0.000
Year 5 0.94 +0.1* 0.73 £ 0.21* 0.68 + 0.24* 0.000
Mean central retinal sensitivity
Before treatment 26.3+1.65 26.3 +1.57 271 £1.52 0.13
3 months 27.0 +1.5* 26.6 + 1.68 26.8 + 1.56* 0.61
6 months 271 +1.5* 26.5+1.73 26.6 + 1.62* 0.51
Year 1 271 +1.5* 262 +1.5 26.2 + 1.68* 0.06
Year 2 271 +1.5" 25.9 + 1.52* 26 + 1.68* 0.01
Year 3 271 +1.5* 25.7 + 1.69* 25.7 +1.78* 0.002
Year 4 271 +1.5* 25.6 +1.71* 255 +1.92* 0.000
Year 5 271 +1.5* 25.5 +1.79* 25.4 +1.88* 0.000
Mean central retinal thickness
Before treatment 282.8 +27.1 292.4 +62.2 301.4 +44.8 0.37
3 months 277.6 +42.9 291.7 + 63.6 308.8 + 45.1* 0.06
6 months 2775+ 425 293.6 + 64.6 316.6 + 43.2* 0.01
Year 1 277.7 +44 .4 300 + 65.6" 323.6 + 43.6* 0.003
Year 2 2771 +415 303.9 £ 65.1* 331.5 + 49* 0.000
Year 3 2749 + 41.2* 304 + 63.9* 338.1 + 48.1* 0.000
Year 4 274.9 + 41.8* 306.5 + 63.4* 345.9 + 48.1* 0.000
Year 5 2751 + 42.2* 309.7 + 63.2* 349.7 + 49.1* 0.000

Note: * — significant difference from benchmark data, paired sample t-test (o < 0.05), ANOVA (p < 0.05).

BULLETIN OF RSMU |2, 2019 | VESTNIKRGMU.RU




METO/[] | O®TAJIbMOJIOI A

1.0

0.9

08 -

UVA
o
o

o
o
°
o
o

Before treatment 3 months 6 months Year 1 Year 2 Year 3 Year 4 Year 5
Observation period
O Treatment group © Comparison group  +O- Control group

Fig. 1. Mean UVA dynamics, all groups. Treatment group — yellow line; UVA increased significantly from the 3rd to the 12th month of observation, results persisted
throughout the observation period. Comparison group — green line; mean UVA was increasing significantly up to the 3rd month, from the 6th month onward to the end
of the observation period the indicators were decreasing significantly. Control group — red line; mean UVA was falling significantly throughout the observation period
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Fig. 2. Mean BCVA dynamics, all groups. Treatment group — yellow line; BCVA increased significantly from the 3rd to the 12th month of observation, results persisted
throughout the observation period. Comparison group — green line; within the first 3 months of observation, mean BCVA changes were insignificant, but from the
12th month on this indicator was decreasing gradually, the difference being significant. Control group — red line; mean BCVA was falling significantly throughout the
observation period
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Fig. 3. Mean CRT dynamics, all groups. Treatment group — yellow line; the analysis of mean CRT did not reveal significant differences from the benchmark data within
the first 6 months, but from the 12th month on, this indicator was increasing significantly. Comparison group — green line; the analysis of mean CRT did not reveal
significant differences from the benchmark data within the first 6 months, but from the 12th month on, this indicator was increasing significantly. Control group — red
line; mean CRT was increasing significantly from the 3rd month on to the end of the observation period
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Fig. 4. Mean CRS dynamics, all groups. Treatment group — yellow line; mean CRS increased significantly from the 3rd to the 12th month of observation, results
persisted throughout the observation period. Comparison group — green line; within the first 12 months of observation, mean CRS changes were insignificant, but
from the 2nd to the 5th year of observation the indicator decreased significantly. Control group — red line; mean CRS was decreasing significantly from the 3rd month

on to the end of the observation period

Table 2 presents analysis of clinical and functional results of
treatment and dynamic observation of patients with idiopathic
ERM.

In the control group, mean UVA and BCVA were decreasing
significantly throughout the observation period (Fig. 1, 2).
According to the OCT data, mean CRT was increasing
significantly from the 3rd month on (Fig. 3), while mean CRS, on
the contrary, was significantly increasing from the 3rd month on
(Fig. 4). Multispectral imaging revealed continued proliferation
on the retinal surface (Fig. 5A, B).

In the comparison group, the mean UVA was increasing
significantly up to the 3rd month and decreasing from the 6th
month on (Fig. 1). Within the first 3 months of observation, mean
BCVA changes were insignificant, but from the 12th month
on this indicator was decreasing gradually, the difference
being significant (Fig. 2). The analysis of mean CRT did not
reveal significant differences from the benchmark data within
the first 6 months, but from the 12th month on, this indicator

was increasing significantly (Fig. 3) and ERM was developing
(Fig. 6A, B). Computer microperimetry did not register significant
changes of mean CRS within the first 12 months, but from the
2nd to the 5th years it was decreasing, and these changes
were significant (Fig. 4).

Comparing the results registered in treatment, comparison
and control groups we established that only patients of the
treatment group enjoyed significant improvement of visual and
functional indicators (UVA, BCVA and CRS) combined with
decreasing CRT and idiopathic ERM involution, these results
staying stable throughout observation (Fig. 7A, B). In the
comparison group, the indicators improved for a short period
of time (up to the 3rd month), and then began to gradually
deteriorate; in the control group, such deterioration, significant,
was registered at all observation timepoints (Fig. 1-4).

Laser treatment did not inflict biomechanical damage to the
retina in treatment and comparison groups, as confirmed by
the results of computer microperimetry and SOCT.

Fig. 5. Control group. Patient E, 58 years old. Results of the initial examinations: ERM surface and boundaries visualized yellow-green through multispectral imaging
(Mutticolor) (A); mean CRS (computer microperimetry data) — 24.9 dB (B); SOCT revealed a hyperreflective line on the ILM surface corresponding to the ERM, foveal
pit morphology preserved (C). Results of examinations at the end of the 1st year of observation: multispectral imaging showed continued proliferation of ERM with
new foci (yellow arrow) and continued growth of the fibrosis area (green arrow) (D); Mean CRS — 23.5 dB (E); SOCT revealed persistence of ERM on the ILM surface,

foveal pit morphology preserved (F)
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Fig. 6. Comparison group. Patient S., 56 years old. Results of the initial examinations: ERM surface and boundaries visualized yellow-green through multispectral
imaging (Multicolor; white arrow) (A); mean CRS (computer microperimetry data) — 28.2 dB (B); SOCT revealed a hyperreflective line on the ILM surface corresponding
to the ERM (white arrow), foveal pit morphology preserved, CRT — 239 um (C). Results of examinations at the end of the 2nd year of observation: multispectral imaging
showed laser coagulates and the resulting ERM involution spots (white arrow), ERM activation spots (green arrow) and new fibrosis foci (blue arrow) (D); mean CRS —
27.8 dB (E); SOCT revealed an aimost complete absence of hyperreflective line (ERM) (white arrow), corresponding to the Multicolor visualized zone (white rectangle),

foveal pit morphology preserved, CRT — 237 um (F)

Fig. 7. Treatment group, Patient |, 68 years old. Results of the initial examinations: ERM surface and boundaries visualized yellow-green through multispectral imaging
(Multicolor; red arrow) (A); mean CRS (computer microperimetry data) — 26.3 dB (B); SOCT revealed a hyperreflective line on the ILM surface corresponding to the
ERM, foveal pit morphology flat (red arrow), CRT — 257 pm (C). Results of examinations at the end of the 5th year of observation: multispectral imaging showed total
involution of ERM (D); mean CRS — 26.6 dB (E); SOCT revealed a less "solid" hyperreflective line (ERM) and forming foveal pit morphology (red arrow), CRT — 234 um (F)

CONCLUSIONS

Assessed against the results registered in comparison and
control groups, the suggested combined laser treatment
technique applied in the treatment group proved to be highly
effective in maintaining/improving visual functional indicators

and stabilizing/improving morphofunctional indicators throughout
the entire period of observation. As for the morphological and
functional structures of sensory retina, the combined laser
treatment technique is a safe option, which is proved by the
retinal sensitivity improvements registered at the different
timepoints of the observation period.
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