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<> Introduction. The threshold laser coagulation leads to irreversible damage of retinal structures, microsco-
tomata appearance in the central visual field, contrast sensitivity decrease, and color vision impairment, being
accompanied as well by the release of proinflammatory cytokines. For diabetic macular edema treatment, a
method of high-density subthreshold laser coagulation (810 nm) was first developed, based on individualized
choice of subthreshold parameters of laser irradiation, and permitting confluent application of laser impacts to
the retina. Using multimodal diagnostic approach to the estimation of anatomic and functional treatment results,
a minimally invasive character and safety of this DME treatment method were confirmed. Purpose. The aim
of this study was to comparatively evaluate the efficacy of a diode laser (810 mn) subthreshold laser treatment
using high-density laser impact application in diode laser coagulation (DLC) and diode microphotocoagula-
tion (DMP) modes. Materials and methods. To compare the eificacy of subthreshold laser treatment meth-
ods (DLC and DMP), patients were divided into two groups, comparable in macular edema thickness and
area. The first group (24 eyes) received a macular laser coagulation in grid pattern and MicroPulse diode laser
(810 nm) regimen; biomicroscopically it was predominantly subthreshold high-density application of burns. The
second group (29 eyes) received a macular laser coagulation in grid pattern and continuous diode laser (810 nm)
regimen; biomicroscopically it was predominantly subthreshold high-density application of burns. Results. After
DLC and DMP, there was no statistically significant difference between compared groups in best corrected
visual acuity. There was also no significant difference in retinal edema maximal height dynamics, retinal
edema area, and central thickness in 2 and 4 months. Conclusion. Subthreshold microphotocoagulation and
laser coagulation methods at the same average power of laser exposure and other exposure parameters in the
shortterm follow-up have comparable efficacy in the treatment of diabetic macular edema.

<> Keywords: diabetic macular edema; diabetic retinopathy; diabetes type 2; microphotocoagula-
tion (MicroPulse); subthreshold high-density laser coagulation.

CYBINOPOroBbIE METOAUKW JIAEPHOIO JIEYEHA (810 HM) RUABETUYECKOIO
MAKYJIAPHOIO DTEKA
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<> Bsedenue. [Toporosasi azepkoaryssiiiusi IPUBOIUT K HEOOPATHMOMY MOBPEKAEHUIO CTPYKTYP CETUATKH,
NOSIBJIEHHIO MHKPOCKOTOM B LIEHTPAJIBLHOM M0J1€ 3pEHUSs], CHUKEHHIO KOHTPACTHON UyBCTBUTEJIBHOCTH U yXY/I-
ILIEHUIO LIBETOBOIO 3pEHUS, a TAKKe COMPOBOXKAAETCS BHIGPOCOM MPOBOCMANUTENbHBIX IHTOKHHOB. BriepBble
1151 JledeHust auabeTudeckoro makyJssipHoro otéka JJMO pagpabotana MeTopuka cyOIoporoBoil Jazepkoa-
TyJsiiUU BbICOKOH njoTHoCTH (810 HM), ocHOBaHHAsl HA WHAMBUAYaJbHOM Noabope CyGMOPOroBbIX napame-
TPOB JIA3ePHOr0 M3JyUeHHsl U JoNycKalollas KOH(JI09HTHOE (CAUBHOE) HaHeCeHHe Jla3epHbIX anMauKaluil
Ha ceruatky. [Ipu nmomoiy MyJabTUMOAAJBHOTO AMArHOCTHUECKOTO TOAX0JA K OlleHKe aHaTOMO-(YHKIIMO-
HaJIbHBIX Pe3yJ/IbTATOB JiedeH sl OATBePKAeHa MaJiasi MHBA3UBHOCTb H 0€30MaCHOCTb TEXHOJOTHH JIa3€PHOTO
nedenust JIMO. Ileas — npoBecTH CpaBHUTEJbHbBIH aHaIn3 3(PPEeKTUBHOCTH CyONOPOroBOro JieyeHus MO/
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HbIM (810 HM) J1a3epoM TMpH BBICOKOH MJIOTHOCTH HAHECEHHs JIa3ePHbIX alMJIUKaLUi 110 METOJMKE THOIHON
nazepkoaryasiuuu ([LJIK) u nnonnoit Mmukpodoroxoarynsiuuu (JIMD). Mamepuanaot u memodst. J11s cpas-
HeHHst 9(hPeKTHBHOCTH CyOITOPOTOBBIX METONOB JiazepHoro BosaeicTBus (1JIK 1 JIM®) 6b111 chopMUpPOBaHDI
JIBE TPYMIbl UCCAEI0OBAHMS, COMOCTABUMbIE MO TOJIIHHE W MPOTSMKEHHOCTH MaKyJsipHoro otéka. [leppas
rpynna (24 rnaza) — JjasepHast KoaryJisiliisi B MakyJie 1o MeTOJMKe «pelléTku» B pexxume MicroPulse nu-
onHoro siazepa (810 HM), GHOMUKPOCKOMHYECKH MPEUMYIIECTBEHHO CYyOIoporoBoe Bo3aeHCTBHE MPH BLICOKOH
MJIOTHOCTH HaHeceHHsi 0XKOroB. Bropas rpynna (29 rnas) — sazepHasi KoaryJsilus B MakyJe Mo MeTOJI1Ke
«pEUIETKU» B HEMPepbIBHOM pexkuMe JIHoaHOoro Jazepa (810 HM), GHOMHKPOCKOMMYECKH MPEUMYIIIECTBEHHO
cyGroporoBoe BO3/IelCTBIE MPH BLICOKOM TMJIOTHOCTH HaHeCeHUsT 03KoroB. Pedyaomamet. [lociie npoBe/ieHs
JIJIK u JIM® nocToBepHBIX OTJIMUMH MaKCHMaJbHO KOPPUTHMPOBAHHON OCTPOTHI 3PEHHUST MEXKJY TpyrraMu
CpaBHEHHUSI He OTMeuasoch. Tak:ke He HAOJI0AI0Ch JJOCTOBEPHBIX PA3JIHUKIA OTHOCHTEJLHO IMHAMUKY MaK-
CUMaJILHOM BBICOTHI OTEKA CETUATKH, MJIOIIA/IM OTEKA CETYATKH U LIEHTPaJIbHON TOJIIHHBI Yepe3 2 1 4 Mecsiia.

<> Karuesole cao8a: naGeTHUECKUI MaKyJsIPHBIN OTEK; HabeTHYeCcKast PeTHHONATHS, caxXapHbIi J1a-
6eT 2-ro Tuna; mukpodotokoaryaauus (MicroPulse); cy6bnoporopas siazepHasi KoaryJ/siiiusi BBICOKOH MJOT-

HOCTH.

INTRODUCTION

Diabetic retinopathy is the leading cause of blind-
ness in economically developed countries, while dia-
betic macular edema (DME) is one of the primary
causes of patient disability.

The efficacy of laser coagulation of the macula per-
formed as a part of DME treatment was confirmed in
a multicenter randomized Early Treatment Diabetic
Retinopathy Study. Laser coagulation using modified
“orid” pattern (METDRS) is the modern standard for
laser treatment of DME.

BACKGROUND

Despite the changes in the DME treatment
strategy over the past decade, such as the use of
pharmacological approach involving intravitreous ad-
ministration of anti-angiogenic and anti-inflamma-
tory drugs, laser retinal coagulation has not lost its
relevance [1, 2, 6, 8]. The modern standard for laser
treatment of DME is represented by laser coagula-
tion along a modified “grid” (mETDRS), which is
accompanied in the threshold mode by an increase in
the concentration of proinflammatory cytokines, the
appearance of microscotomas in the visual field, and a
decrease in the contrast sensitivity of the retina [5, 7].
In this regard, there is a growing interest among
ophthalmologists to spare subthreshold microphoto-
coagulation techniques in various modifications and
with the use of lasers of different wavelengths [3, 4].
Nevertheless, the use of subthreshold microphotoco-
agulation technology is associated with several dis-
advantages, such as the degree of pigmentation of
the fundus not being considered, and the requirement
of special equipment and trained medical person-
nel. Another disadvantage of this minimally invasive
technique, as well as the traditional laser coagulation
along a “grid” of the macula, is the limited number

of laser impacts and the insufficient total area of the
treated edematous retina.

New high-tech diagnostic instrumental methods,
particularly high-resolution optical coherence tomog-
raphy (OCT), OCT-angiography, and microperimetry
have expanded the possibilities for studying structural
and functional changes in the retina and chorioreti-
nal complex. Therefore, the nature of tissue changes
occurring with the use of minimally invasive laser
interventions could be accurately assessed, and the
treatment results could also be precisely evaluated.

This study aimed to comparatively analyze the ef-
ficacy of subthreshold treatment employing a diode
laser (810 nm) with high-density laser impacts using
diode laser coagulation (DLC) and diode micropho-
tocoagulation (DMP) methods.

MATERIAL AND METHODS

To compare the efficacies of DLC and DMP, 2
study groups of patients with comparable thickness
and length of macular edema were formed (Table I).

In group 1 (DLC group), patients were treated
using high-density subthreshold laser coagulation
method, whereas patients in group 2 (DMP group)
were treated using high-density microphotocoagula-
tion (Table 2).

The best corrected visual acuity (BCVA) of pa-
tients in the DMP group prior to treatment was
approximately 0.55 + 0.05. In the DLC group, the
BCVA value was 0.48 + 0.04.

Patients with uncontrolled arterial hypertension
(mean blood pressure >150/90 mmHg), edema
of the lower extremities, and high macular edema
(>500 pm) were excluded from the study. The follow-
up period was 4 months.

Medical equipment included infrared diode oph-
thalmocoagulator ALODO1 (Alcom Medica, St. Pe-
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Table 1/ Tabnnya 1

OKT-mopthomeTpryeckue nokasaTenn CeTYaTKU rpynn cpaBHEHUA 0 NA3EPHOr0 eYeHNs

0CT-morphometric retinal parameters of comparison groups before laser treatment

Group of patients

Central retinal thickness

Maximum retinal thickness

Area of edema

(M+m, pm) (M+m, pm) (M +m, pix)
One (diode microphotocoagulation) 258.21+70.3 410.32 + 634 1413.61 + 17743
Two (diode laser coagulation) 25725 +74.5 418.32 +8.4 1942.42 + 166.01

Table 2 / Tabmmua 2
Patients distribution by comparison groups

Pacnpepienen1e nauueHToB no rpynnam B 3aBUCMMOCTY OT METOAA NA3EPHOr0 NEYeHus

Group of patients

Laser treatment technique

One (24 eyes) — diode
microphotocoagulation

Laser coagulation of the macula by the “grid” method in the MicroPulse mode of a diode laser (810 nm), biomi-
croscopically primarily subthreshold exposure with high-density burns.

Two (29 eyes) — diode
laser coagulation

Laser coagulation of the macula by the “grid” method in the continuous mode of a diode laser (810 nm),
biomicroscopically primarily subthreshold exposure with high-density burns.

tersburg) with a wavelength of 810 nm and a continu-
ous mode of operation and microphotocoagulation.
High-density subthreshold laser coagulation and
microphotocoagulation were performed over the en-
tire area of the edema with high-density laser pulses
(a distance of 0—1 irradiation spot diameter between
the laser spots, and confluent nature of laser appli-
cation were allowed). With microphotocoagulation,
10% of the “duty cycle” was used, the exposure time
was 0.3 s, and the spot diameter was 100 pm. High-
density subthreshold laser coagulation was performed
in a continuous mode using the same procedure.
The main stage of treatment was preceded by a
preliminary selection of the energy parameters for laser
irradiation. The exposure parameters were considered
as conforming ones if a subtle burn of the retina was
observed in 1 of the 10 laser applications. The laser
radiation power was 200—310 mW for high-density
subthreshold laser coagulation and 2100—3000 mW
for high-density microphotocoagulation. The number
of laser burns was 200—800 per treatment session.
Following laser treatment, OCT was performed
(HD-OCT Cirrus 4000, Carl Zeiss Meditec AG) to
assess the changes occurring in the macular edema
over a period of time. Upon completion of the pro-
cedure, fluorescein angiography (FA) of the retina
(ImageNet, Topcon) and OCT-angiography (RTVue
Xr, OptoVue) were performed.
Statistical analysis was performed with non-para-
metric data processing methods using the Statistica
6.0 software.

STUDY RESULTS
Following DLC and DMP, there were no sig-
nificant differences in BCVA between the groups

upon comparison after 2 (p = 0.06) and 4 months
(p=0.1).

Following treatment consisting of the high-density
subthreshold laser coagulation technique, the maximum
thickness of retinal edema decreased significantly. Before
the treatment, the edema was 0f 416.79 + 55.11 pm; aiter
2 and 4 months, it was reduced to 398.82 + 57.27 pm
(p=10.007761) and 393.85 + 53.15 (p = 0.010616),
respectively. A similar effect was observed on the
retinal edema area. Before treatment, the area was
of 1805.61 +917.97 pix.; after 2 and 4 months,
the area reduced to 1442.27 +825.96 pix. and
1165.42 + 727.61 pix. (p = 0.000001), respectively.

After 2 months, the central retinal thickness
significantly ~decreased from 258.0 +£70.29 to
242.85 + 62.71 pm (p = 0.00248). However, BCVA
following treatment did not change significantly.

Comparative analysis of the OCT morphometric
indices of retinal edema, the examination being per-
formed 2 and 4 months following treatment which
consisted of high-density subthreshold laser coagula-
tion (810 nm) and high-density microphotocoagulation
(810 nm), revealed comparable pretreatment param-
eters and the absence of changes in the regression of
the macular edema between the 2 groups (Figs. 1—3).

FA and OCT-angiography (17 eyes) performed
I month following subthreshold DLC revealed no
atrophic alterations in the pigment epithelium in
14 eyes, and showed a decrease in the number of
microaneurysms in 10 eyes (Fig. 4).

FA performed before and 1 month following sub-
threshold DLC (7 eyes) revealed the absence of foci
of atrophy in the areas of the final test coagulate
and retinal edema treated by applying confluent sub-
threshold coagulates (Fig. 5).
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Fig.1. Dynamics of the maximal retinal edema height after high-density microphotocoagulation and after high-density sub-
B threshold laser coagulation: a — in 2 months; b — in 4 months

Puc.1. JlnnamKKa MakcHMasbHOH BBICOTH OTEKA CETYATKH MOCJIE MHUKPO(POTOKOATYJISAIUH BEICOKOI MJIOTHOCTH H Cy6MoporoBo
B Jla3epHON KoaryJasili BLICOKOH MJIOTHOCTH: @ — 4Yepe3 2 Mecsua; b — 4epes 4 mecsua
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Fig.2. Dynamics of the central retinal thickness after high-density microphotocoagulation and after high-density subthreshold
L laser coagulation: @ — in 2 months; b — in 4 months

Puc. 2. [Iunamuka LeHTPaJbHON TOJIUIMHBI CETYATKH MOCJAe MUKPO(OTOKOATY/ISLMH BbICOKOH MJOTHOCTH H CyOIOpPOroBoil Ja-

L 3€PHOI KoaryJsiliii BbICOKO TMJIOTHOCTH: @ — 4vepe3 2 Mecsla; b — uepes 4 mecsina
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Fig.3. Dynamics of the macular edema area after high-density microphotocoagulation and after high-density subthreshold laser
L coagulation: @ — in 2 months; b — in 4 months

Puc. 3. [Qunamuka njoumaau MakyJasspHOro oTéka rnocje MUKpo(OTOKOATry/IsILIHM BEICOKO! MJIOTHOCTH U CyONOPOroBoll JlazepHOH
B KOaryJisiiii BBICOKOH TJIOTHOCTH: @ — depe3 2 Mecsla; b — uepes 4 Mecsiua
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Fig. 4. Angio-OCT results after high-density subthreshold laser coagulation: a — before treatment; b — in 1 month after treatment
.

Puc. 4. Pesyabratsl OKT-anruorpaduu nocJe BbloJHeHUsl CyGrOporoBoil 1azepHoil KoaryJisiiiu BbICOKOH MJIOTHOCTH: @ — [0
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Fig.5. Fluorescein angiography: a — before treatment (arteriovenous and late venous phases); b — in 1 month after subthreshold
t high-density laser coagulation
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CONCLUSION

High-density subthreshold laser coagulation (810
nm) and high-density microphotocoagulation (810
nm) methods lead to a comparable reduction of DME
during the follow-up period of 4 months.

Based on the complex application of modern di-
agnostic methods (OCT, FA, and angio-OCT), it is
established that high-density subthreshold laser co-
agulation (810 nm) with individual selection of laser
power does not have any damaging effect on the cho-
rioretinal complex structures.
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