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LONG-TERM EFFECTS OF MULTIMODALITY LASER THERAPY IN PATIENT WITH DRUSENOID PIGMENT
EPITHELIAL DETACHMENT
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Drusenoid pigment epithelial detachment is a condition characterized by separation of the retinal pigment epithelium from the underlying Bruch’s membrane due
to formation of drusenoid deposits. The disorder represents the intermediate stage of the age-related macular degeneration, and is a risk factor for the age-related
macular degeneration progression to late stage characterized by geographic atrophy, which results in the irreversible central vision loss. Management of patients
with this disorder is in most cases limited to follow-up. The feasibility of using the multimodality low power mode laser therapy for treatment of drusenoid pigment
epithelial detachment is reported. The results of laser photocoagulation of the retina demonstrate the morphological and functional recovery: retinal pigment
epithelial detachment sealing, improvement of visual function, and restored retinal architecture.
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OTOANEHHBIE PE3YNIbTATblI MPUMEHEHNA KOMBUHUPOBAHHOIO JIASEPHOI'O
NEYEHUNA OPY3EHOUAHOW OTCNTIOMKN PETUHANIBHOIO MUIMEHTHOIO SNUTENNA

X. T1. Taxuman, H. X. Taxunan, T. A. KacmbiHuHa, H. A. MaxHo B
Poccuirckunii HaumoHanbHbI CCRegoBaTenbCKN MeANLIMHCKUIN YHUBepceuTeT nmenHn H. V1. Muporosa, Mockea, Poccus

[py3eHovaHas oTcnoika peTuHaNbHOro MMrMEHTHOMO 3MUTENNS — NATONOMMHYECKOE COCTOSIHME, MPY KOTOPOM PETUHABHBIA MUIMEHTHbI SNUTENN OTAeNseTcs
OT noanexatlen MembpaHbl bpyxa Bcneactere 06pa3oBaHNs 1 HaKOMEHWst APy3eHOMAHOro Matepuana. 3aboneBaHve NpeacTaBnsieT Cobon NPOMEXYTOHHYO
CTafmio BO3PACTHOM MaKyNapHOW AereHepaumm, SBnaetcs akTopoM prcka NporpeccrpoBaHng BO3PaCTHOM MakynspHOM AereHepaLyn 4o No3aHen ctaum ¢
pasBuTMEM reorpatrHecKon aTpodum, YTO MPMBOAMT K HEO6PATUMOWN NOTEPE LiEHTPaNIbHOrO 3peHKst. B OCHOBHOM BefieH1e MauMeHToB C faHHOW naTonornen
CBOAUTCS K AVHaMUYeckoMy HabnoaeHuwto. MNpeactaBneHa BO3MOXHOCTb MCMONb30BaHNst KOMOVHUPOBAHHOIO N1a3epHOro NEYEHNst C HU3KOIHEPTETUHECKUMM
napamMeTpaMu npu NevYeHnn Apy3eHOUIHOVM OTCMOMKN PETUHANBHOrO MUIMEHTHOrO 3MUTENWst ceTdaTku. [onydYeHHble pe3ynsTathbl MPUMEHEHVSt Na3epHon
Koarynauum ceT4aTky CBUMAETENbCTBYIOT O BOCCTAHOBAEHUN MOPAOMYHKLMOHABHBIX Nokasatenen: NMMKBUAALMN OTCIONKN PETUHANBHOIO MUIMEHTHOro
ANUTENNS, MOBBILLEHWN 3PUTENBHBIX OYHKLMIA 1 BOCCTAHOBNEHNN MUKPOAPXUTEKTOHNKIM CETHATKN.
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Currently, age-related macular degeneration (AMD) is among
the leading causes of the irreversible central vision loss,
occurring predominantly in the elderly. According to literature,
the prevalence of AMD among individuals aged 45-85 is
8.96%, with a predominance of the early stages of the disease
(8.01%) [1].

In accordance with the generally accepted classification
of the Age-Related Eye Disease Study (AREDS), AMD is
subdivided into four categories. The AREDS Category 1 (no
AMD) is characterized by no drusen or small drusen of less
than 63 pm in diameter. The AREDS Category 2 (early stage
AMD) corresponds to numerous small drusen, and/or a small
number of medium-sized drusen of 63-124 pm in diameter,
or initial changes in the retinal pigment epithelium (RPE). The
AREDS Category 3 (intermediate stage AMD) is characterized
by numerous medium-sized drusen, and/or one large druse of
more than 125 pm in diameter, or RPE atrophy, not affecting

the retinal center. The AREDS Category 4 (late stage AMD) is
characterized by atrophy of RPE and choriocapillaris layer in
the retinal center, and/or neovascular maculopathy [2].

Drusenoid pigment epithelial detachment (DPED), in which
RPE and its basement membrane are separated from the inner
collagen layer of the underlying Bruch’s membrane due to
formation and accumulation of drusenoid material, represents
the intermediate stage of AMD. This form of PED was originally
described by A. G. Casswell in 1985 [3, 4].

To date, pathophysiological mechanisms of DPED have
not been fully explored. It is believed that this disorder results
from the gradual increase and merging of the large number
of pre-existing soft drusen, which results in the focal retinal
detachment of at least 350 um in diameter. With increasing
DPED, the prolonged dissociation between the RPE cells and
the Bruch's membrane/choriocapillaris complex leads on the
one hand to the RPE cells' migration into the outer retinal layer,
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Fig. 1. Spectral-domain optical coherence tomography image of the fovea. A. Right eye: RPE detachment (red arrow) with the height of 166 pm and the length of 1126
pum, with homogeneously hyperreflective deposits. Coalescent soft drusen (yellow arrow), accumulation of subretinal hyperreflective deposits (green arrow). B. Left eye:
RPE detachment (red arrow) with the height of 173 um and the length of 2348 um, with homogeneously hyperreflective deposits. Coalescent soft drusen (yellow arrow),

accumulation of subretinal hyperreflective deposits (green arrow)

and on the other hand to these cells' apoptosis. The long-
lasting DPED, associated with the decreased number and
alteration of RPE cells, results in photoreceptor dysfunction
and subsequent atrophy. Eventually, in case of DPED collapse,
the zone of complete RPE atrophy is registered, with the outer
neurosensory retina atrophy [5, 6].

In case of the long-lasting DPED with its subsequent
regression, the most common symptoms are as follows:
decreased visual acuity, metamorphopsia, difficulty or inability
to read up close. However, RPE detachment, identified at an
early stage, is characterized by preserved visual functions [5-8].

The use of the spectral-domain optical coherence
tomography (SD-OCT) in morphometric assessment of the
retinal layer changes in patients with DPED made it possible
to distinguish the risk factors for the disease progression,
such as height, volume, and diameter of the detached
RPE, as well as the presence of intraretinal and subretinal
hyperreflective material above the RPE detachment. These
risks were studied with regard to DPED located within 500
pm of the fovea [6, 7].

Currently, there are no efficient and safe treatment methods
for DPED. If this disorder is diagnosed, the management
of patients is in most cases limited to follow-up. However,
progression to late AMD is observed in the natural course of the
disease within 5 years (42% of cases), with the development of
geographic atrophy in the macular zone (19% of cases), which
results in irreversible vision loss, as well as in declined quality of
life, disability, and poor work ability prognosis [3, 7, 8].

Conservative treatment, which involves the use of
antioxidant medications, vitamins and minerals, fails to
prevent the AMD progression to advanced stages, which was
confirmed by research, and requires the constant use of these
medications throughout the patient's life [9].

The majority of studies on assessing the efficacy and safety
of using laser technologies in patients with intermediate AMD
were focused mostly on finding ways to slow down the disease
progression and to reduce the number of various soft drusen
types [10-15].

With regard to the high risk of DPED progression to late
AMD, with subsequent significant decline in the patients' visual
functions, finding the efficient and safe treatment method for
this disorder is relevant. The study was aimed to demonstrate
and assess the long-term morphological and functional effects
of multimodality laser therapy in a patient with DPED, observed
during the 5-year follow-up period.
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Clinical case

In June 2017, patient Sh. aged 74 presented with complaints
of diminished visual acuity in both eyes, metamorphopsia, and
trouble with close-up reading using both eyes at the Research
Center of Ophthalmology, Pirogov Russian National Research
Medical University. According to medical history, the above
symptoms have been troubling the patient for a year. In 2015,
cataract surgery, phacoemulsification and intraocular lens
implantation, was performed in the right and left eye.

Once admitted to the Center, the patient underwent a
comprehensive ophthalmic examination, which included
the standard diagnostic tests (visometry for uncorrected visual
acuity (UCVA) and best corrected visual acuity (BCVA), indirect
ophthalmoscopy with a MaxField indirect lens (Ocular Inc.;
USA)), specific assessment methods (microperimetry (MAIA
microperimeter, CenterVue Inc.; Italy), SD-OCT, and optical
coherence tomography angiography (OCTA) performed using a
Spectralis HRA+OCT, OCT-2 module at 85,000 Hz (Heidelberg
Engineering, Inc.; Germany)).

Laser photocoagulation was performed with the IRIDEX
IQ 577 ophthalmic laser system (IRIDEX Corporation,
MountainView; USA).

During the initial assessment the patient complained
of diminished visual acuity in both eyes, metamorphopsia,
and trouble with close-up reading using both eyes; UCVA of
the right eye (OD) was 0.3; BCVA was 0.7 OD, and those of
the left eye (OS) were 0.2 and 0.7, respectively. According to
micropirometry, the average central retinal sensitivity was 23.3
dB OD and 21.6 dB OS.

Slit lamp biomicroscopy and indirect ophthalmoscopy
in both eyes (OU) showed that the anterior segment was
intact; the well-centered intraocular lens was in the capsular
bag. The optic disc was pale pink, with well-defined margins.
Hypertensive angiopathy was revealed. There were numerous
prominent small yellowish round-shaped lesions with well-
defined margins in the macular zone. In the foveal zone,
expanding downwards into the parafoveal region, the there was
a large prominent pale-yellow oval-shaped lesion 1.5 times the
diameter of the optic disc with blurry margins and redistribution
of pigment, surrounded by large yellowish lesions with blurry
margins. Retinal periphery was intact.

SD-OCT OD revealed macular deformation. In the foveal
zone, the RPE detachment was visible with the height of 166
pm and the length of 1126 pm, with downward expansion into
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Fig. 2. Spectral-domain optical coherence tomography image of the fovea. A. Right eye: RPE detachment (red arrow) with the height of 164 um and the length of
1081 pm, with homogeneously hyperreflective deposits. Coalescent soft drusen (yellow arrow), accumulation of subretinal hyperreflective deposits (green arrow).
B. Left eye: RPE detachment with the height of 154 um and the length of 2286 um, with homogeneously hyperreflective deposits. Coalescent soft drusen (yellow arrow),

accumulation of subretinal hyperreflective deposits (green arrow)

the parafoveal region with the height of 218 pm and the length
of 1852 um, with homogeneously hyperreflective deposits,
together with the undulating RPE line, and the coalescent soft
drusen up to 125 pum in diameter. Subretinal hyperreflective
deposits were found above the detached RPE (Fig. 1A).

SD-OCT OS revealed macular deformation. In the foveal
zone, the RPE detachment was visible with the height of 173
um and the length of 2348 pm, with downward expansion into
the parafoveal region with the height of 190 pm and the length
of 1039 pm, with homogeneously hyperreflective deposits,
together with the undulating RPE line, and the coalescent soft
drusen up to 125 pum in diameter. Subretinal hyperreflective
deposits were found above the detached RPE (Fig . 1B).

OCTA image (OU) analysis revealed no evidence supporting
the choroidal neovascularization.

The following diagnosis was established based on the
patient's complaints, medical history, and the results of the
comprehensive ophthalmic examination: OU Age-related
macular degeneration, dry form, intermediate stage (according
to AREDS classification). Drusenoid pigment epithelial detachment.
Pseudophakia.

It was decided to perform the multimodality laser therapy,
which included grid laser photocoagulation with the lowest
possible energy settings to form the first degree coagulum. After
10 days the patient received three sessions of micropulse laser
therapy (every four weeks). Grid laser photocoagulation was
performed using the following settings: wavelength 577 nm,
power 50 mW, pulse duration 0.1 s, spot size 100 um; coagula
were applied throughout the area of the detached RPE, except
avascular zone, with a spacing of 150 ym. Micropulse laser
therapy was performed with the following settings: wavelength
577 nm, burst duration 30 ms, micropulse duration 50 ps,
pulse ratio 4.7%, spot size 100 um, power 50 mW; coagula
were applied throughout the area of the detached RPE, the
avascular zone was avoided.

One month after the multimodality laser therapy the
patient reported the improvement of visual acuity, however,
metamorphopsia persisted.

Ophthalmic examination showed that UCVA OD was 0.3,
BCVA OD had improved to 0.8, UCVA OS had improved to
0.3, and BCVA OS was 0.7. According to micropirometry, the
average central retinal sensitivity had improved to 24.1 dB
OD, and to 23.0 dB OS. Slit lamp biomicroscopy and indirect
ophthalmoscopy OU revealed no improvement: in the foveal
zone, expanding downwards into the parafoveal region, there
was still a large prominent pale-yellow oval-shaped lesion 1.5
times the diameter of the optic disc with blurry margins and

redistribution of pigment, surrounded by the large yellowish
lesions with blurry margins; the lightly pigmented coagula were
visible across the surface of the detached RPE.

According to SD-OCT OD, the macular deformation
persisted, and the RPE detachment reduction was observed.
In the foveal zone, the height of the RPE detachment reduced
from 166 to 164 um, and the RPE detachment length reduced
from 1126 to 1081 pm. In the lower parafoveal region the
height reduced from 218 to 211 um, and the RPE detachment
length reduced from 1852 to 1826 um. The homogeneously
hyperreflective deposits, together with the undulating RPE
line, and the coalescent soft drusen up to 125 pm in diameter
were found below the detached RPE. Subretinal hyperreflective
deposits were found above the detached RPE (Fig. 2A).

According to SD-OCT OS, the macular deformation
persisted, and the RPE detachment reduction was observed.
In the foveal zone, the height of the RPE detachment reduced
from 173 to 154 um, and the RPE detachment length reduced
from 2348 to 2286 pm. In the lower parafoveal region the
height reduced from 190 to 171 um, and the RPE detachment
length reduced from 1039 to 982 um. The homogeneously
hyperreflective deposits, together with the undulating RPE
line, and the coalescent soft drusen up to 125 pm in diameter
were found below the detached RPE. Subretinal hyperreflective
deposits were found above the detached RPE (Fig. 2B).

Three months after the laser treatment on the follow-up
examination the patient reported the improvement of visual
acuity, no metamorphopsia, and no trouble with the close-up
reading. Ophthalmic examination showed that UCVA OD and
OS was stable (0.3); BCVA OD and OS was 0.8. The average
central retinal sensitivity was stable (24.1 dB OD, 23.4 dB OS).
Slit lamp biomicroscopy and indirect ophthalmoscopy OU
revealed the following features: small yellowish round-shaped
lesions with well-defined margins in the macular zone, sporadic
large yellowish lesions with blurry margins, redistribution of
pigment; the lightly pigmented coagula were visible, the DPED
was completely regressed.

SD-OCT OD and OS revealed the restored macula, the
completely regressed DPED, undulating RPE line, sporadic soft
drusen, and accumulation of subretinal hyperreflective deposits
(Fig. 3A, B).

A year after the multimodality laser therapy the patient had
no complaints. Ophthalmic examination showed that UCVA
OD and OS was 0.3, BCVA OD had reached 0.9, and BCVA
OS was stable (0.8). According to micropirometry, the average
central retinal sensitivity OD improved to 25.7 dB, and the
average central retinal sensitivity OS was stable (23.9 dB). Slit
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Fig. 3. Spectral-domain optical coherence tomography image of the fovea. A. Right eye: macula remains intact, undulating RPE line, sporadic hard drusen (blue
arrow), accumulation of subretinal hyperreflective deposits (green arrow). B. Left eye: macula remains intact, undulating RPE line, sporadic hard drusen (blue arrow),

accumulation of subretinal hyperreflective deposits (green arrow)

lamp biomicroscopy and indirect ophthalmoscopy OU revealed
small yellowish round-shaped lesions with well-defined margins
and redistribution of pigment in the macular zone, the lightly
pigmented coagula were visible.

SD-OCT OD and OS revealed the intact macula, the integrity
of retinal layers, and no evidence supporting the atrophy of the
retinal outer layer and RPE.

Ophthalmic examination performed three years later
showed that UCVA OD had improved to 0.4, UCVA OS
had improved to 0.3, and BCVA was stable (0.9 OD, 0.8 OS,
respectively). The average central retinal sensitivity OD was
stable (25.7 dB), and the average central retinal sensitivity OS
had improved to 24.0 dB. Slit lamp biomicroscopy and indirect
ophthalmoscopy OU revealed small yellowish round-shaped
lesions with well-defined margins, redistribution of pigment,
and the lightly pigmented coagula in the macular zone.

SD-OCT OD and OS revealed the intact macula, the
integrity of retinal layers, and no atrophy of the retinal outer
layer and RPE.

Five years after the multimodality laser treatment the follow-
up examination revealed stable morphological and functional
effects, the patient had no complaints. Ophthalmic examination
showed that UCVA OD was 0.4, UCVA OS was 0.3, BCVA OD
was 0.9, and BCVA OS was 0.8. According to micropirometry,
the average central retinal sensitivity OD was 24.8 dB, and the
average central retinal sensitivity OS was 24.3 dB. Slit lamp
biomicroscopy and indirect ophthalmoscopy OU small yellowish
round-shaped lesions with well-defined margins, redistribution of
pigment, and the lightly pigmented coagula in the macular zone.

SD-OCT OD and OS revealed the intact macula, the
integrity of retinal layers, and no atrophy of the retinal outer
layer and RPE (Fig 4A, B).

OCTA image (OU) analysis revealed no evidence supporting
the choroidal neovascularization.

Clinical case discussion

Currently, there is no generally accepted treatment strategy
for drusenoid pigment epithelial detachment. Literature
analysis has shown that the disorder is the risk factor for AMD
progression to late stage characterized by geographic atrophy,
which results in the irreversible central vision loss.

A number of authors reported the cases of using
photodynamic therapy with verteporfin [16], intravitreal
injections of angiogenesis inhibitors [17], high-dose statin
therapy [18] for treatment of DPED. These methods contributed
to the reduction and regression of RPE detachment throughout
the one-year follow-up period. However, the long-term efficacy
and safety of the methods had not been explored.

The clinical trials on using the laser technologies in patients with
the intermediate stage AMD were focused on assessing the feasibility
of reducing the number of drusen and slowing the progression of
the disease; in the majority of cases the follow-up period was three
years. According to a number of authors, encouraging results in
the form of the reduced drusen volume were achieved when using
laser photocoagulation. However, side effects can develop when
using the high energy laser treatment, such as photoreceptor layer
death, formation of central and paracentral scotomas, progression
to geographic atrophy, choroidal neovascularization, and subretinal
fibrosis [10, 11]. Low power mode laser therapy was used in the
reported case in order to prevent the listed above complications
and provide a positive clinical impact.

Currently, a number of subthreshold laser therapy methods
are used allowing one to selectively and precisely affect the RPE

Fig. 4. Spectral-domain optical coherence tomography image of the fovea. A. Right eye: macula remains intact, undulating RPE line (orange arrow), sporadic hard
drusen (blue arrow). B. Left eye: macula remains intact, undulating RPE line (orange arrow)
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cells only and thus reduce the risk of adverse alterations
in the retina and choriocapillaries. The use of these laser
therapy methods in patients with the intermediate stage
disorder reduced the number of drusen, contributed to drusen
resorption and visual acuity improvement, but did not seem to
have much effect in terms of slowing the disease progression
to geographic atrophy or choroidal neovascularization.
According to the LEAD study, no correlations between the use
of laser technologies and the complications, such as retinal
hemorrhages, nascent geographic atrophy, and photoreceptor
layer atrophy, were revealed [12, 13].

We used a combination of two laser procedures with different
mechanisms of action in order to improve the morphological
and functional treatment outcome in patients with DPED. The
first step was grid laser photocoagulation aimed at activating
the RPE pumping function, as well as at improving the retinal
architecture and enhancing the structural support provided by
Muller cells through the chorioretinal adhesion creation. The use
of micropulse laser therapy allowed us to selectively target the
RPE cells avoiding damage to the retinal neuroepithelium. The
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