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chips. At this stage in the development of medicine, inserting a retinal implant is the only way to regain vision
for patients with retinitis pigmentosa at the end stage of the disease. It is still difficult to determine which of the
implant types gives better results in the long run and which among them might give rise to less undesirable
side effects. The information available in the literature provides encouraging outcomes for vision's recovery in
patients with late-onset pigment retinitis.
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BbBELEHUE

MuzmMeHmHama pemuHaAHa guempodua e KAUHUYHO U 2EHEMUYHO
PasHoobpasHa epyna Om  HacAegcmBeHu 3a00AABaHUA  HA
pemuHama, 3acdzawlu ®omopeuenmopHume kaemku. Moxke
ga Bb3HukHe cnopaguyHo UAU C  aBMO30MHO-JOMUHAHMEH,
aBmo30MHO-peuucuBer uAu X-cBop3aH MogeA Ha yHacregABaHe
(1). N3BecmHu ca Hag 150 2eHemuyHU Mymauuu, koumo Bogam go
npousBogcmBo Ha gepekmHu npomeuru B8 GomopeuenmopHume
knemku, koemo HapywaBa kaembyHUA UM MemMaboAUSbM U
npuyuHABa cmobpmma um. B pesyamam Ha moBa 3peHuemo
HamandaBa ¢ meueHue Ha Bpememo, cmecHABa Ce 3pUMEeAHOMO
noAe, HacmonBa Hukmaaonua (,HowHa caenoma“), HapywaBa ce
uBemHomo 3peHue u B8 kpalHume cmaguu HamaAdBa 3pumeAHama
ocmpoma. KoM MOMEHMA Ca 3aCMbNeHU U Ce NpuAazam yenewHo
gBa Buga mepanus, koumo ca epekmuBHuU camo B paHHUme
cmaguu Ha 3a60AABaHemo U 3a6aBam npozpecusma My. ToBa ca:
2eHHa mepanud, koamo u3noa3Ba Bekmopu 3a 2eHHa nonpaBka,
Had-4yecmo ageHoBupycu, Ho € ¢ 02paHuyeHo getdcmBue, mbl kamo
€ NogxogAWa camo 3a NAUUEHMU ¢ Mymauus 8 onpegeAeHu 2eHu
(PDE6p, PDE6S) (2,3); mpaHckopHeaAHa eaekmpocmumyAauus,
koamo akmuBupa HeBponpomekmuBHu pakmopu Ha pacmeXa u
CbWO UMA 3Ha4eHue camo B paHHUME emanu Ha borecmma (4).
EguHcmBeHama Bb3mokHocm 3a nogobpABaHe Ha BusyaAHume
Bo3npuAmuA Npu  NAUUEHMUMe ¢ NUZMEHMEH PemuHUM
B KkpaeH Cmagul Ha 3aboAdBaHemo C AuncBawo (opMeHo
3peHUe U HamaneHo CBemaoycewlaHe e UMNAAHMUpaHemo Ha
pemuHareH mukpoyun. PemuHaAHuam umnAaHm npegcmaBaata
umnAadmupyem 8 pemuHama MukpoerekmpoHeH Mukpodun,
3amecmBaul dyHkuuama Ha yBpegeHume ceH30pHU kaemku, kamo
eaekmpuyecku cmumyAupa 3gpaBume HeBpoHU HA pemuHama.

MATEPWAAIN 1 METOAN

MopBomo NPUAOKEHUE HA UMNAGHMUPYEM CMUMYyAAMOp 3a
Bo3cmaroBaBaHe Ha 3peHuemo, usBopwBa g-p [katac bpuHgau
npe3 1968 2. B AHeaua. ToO umnaaHmupa 80 eaekmpoga B8
3pumeAHama kopa Ha gAcHa M03b4Ha XeMucdepa Ha 52-20gulleH
cAAn MoX. Taka cvb3gaBa BusyaaHu Bwvanpuamus (docdeHu) B8
AAB0 3pumeaHo noae. EgBa B kpaa Ha 90-me 20guHu € BbBegeHo
U3noA3BaHEMO HAa npeHocuma cucmema ¢ MuHuamlopHa
Bugeokamepa (MoHmupaHa B pamkama Ha o4uAa), cBop3aHa ¢
npexocum komnlombp, kotimo 06pabomBa usobpakeHuama u maka
06pasbm ce Bv3npuema He camo kamo BusyaaHo Bv3npusmue
(GocdeH), a u npugobuBa dpopma (5).

MopBuam, ogobpeH npe3 2011 2. B EBpona u npe3 2013 2. 8
CALL, pemunareH MukpoumnaaHm e Argus I (enupemuHaneH yun
— npousBegeH om Second Sight), Bb3 0CHOBa Ha gaHHUME om
20AAMO KAUHUYHO npoyyBaHe, BkalouBawio 30 gywu ¢ 60-MeceyHo
npocaegABare (6). ToHacmoAwem B MH020 pedepeHmHu
ueHmpoBe B EBpona u CALL ce nocmaBam ycnewHo gBa Buga
MUKpOUMNAGHMU — enupemuHaAgH U CybpemuHaAeH, pasauyaBawiu
ce no ycmpoucmBo, MexaHusbM Ha gelcmBue U Xupyp2udHa
mexHuka Ha umnaaimupare. Beeku umaw, cBoume uHgukauuu 3a
nocmaBane, npegumemBa U Hegocmambuu.

Mogbopbm Ha NauUEHMUME, NOGX0gALLU 33 XUPYP2UYHO AEYEHUE, €
MH020 BaxkeH: me 3agbakumeAHo mpA6Ba ga umMam ocmambyHama
OyHkuua Ha BbmpewHama pemuHa — nomBobpgeHa upes
eAekmpopemuHozpama, 3anaseHo Bv3npuamue Ha cBemauHa, ga

INTRODUCTION

Pigment retinal dystrophy is a clinically and genetically diverse group
of hereditary diseases of the retina affecting photoreceptor cells. It
may occur sporadically or with an autosomal dominant, autosomal-
recessive or X-linked inheritance model (1). More than 150 genetic
mutations are known to lead to the production of defective proteins
in photoreceptor cells, which disrupts their cellular metabolism and
causes their lethal end. As a result, vision decreases over time,
the field of vision narrows, nyctalopia (,night blindness®), color
vision is disturbed, and in the final stages visual acuity is reduced.
At present, two types of therapy are successfully applied. However,
they are effective only in the early stages of the disease to slow down
progression. These are: gene therapy that uses gene repair vectors,
most often adenoviruses, but is of limited value since it is only suitable
for patients with mutation in certain genes (PDE6p, PDE6f) (2,3); and
transcorneal electrostimulation that activates neuroprotective growth
factors and also has relevance only in the early stages of the disease
(4). The only way to improve visual perception in patients with late-
stage pigment retinitis with a lack of useful visual aquity and reduced
light perception is to implant a retinal microchip. The retinal implant
is a microelectronic microchip replacing the function of damaged
sensory cells by electrically stimulating healthy retina neurons.

MATERIALS AND METHODS

The first application of an implantable stimulator to restore vision has
been made by Dr. Giles Brindley in 1968 in England. He implanted
80 electrodes in the visual cortex of the right brain hemisphere of a
52-year-old blind man. Thereby, visual perceptions had been created
(phosphenes) within the left visual field. At the end of the 1990s a
portable system with a miniature camcorder has been introduced
(mounted in the glasses frame) connected to a portable computer
that processes images, and thus the image is perceived not only as a
visual perception (phosphine) but also as a form (5).

The first retinal microimplant approved, in 2011 in Europe and in 2013
in the US, is Argus Il (a chip produced by Second Sight) based on
data from a large clinical study of 30 people with 60-month follow-
up (6). Currently, in many reference centers in Europe and the United
States, two types of micro-implants are successfully being placed
- epiretinal and subretinal, differing by structure, pattern of action,
surgical implantation technique, each having its own indications of
placement, advantages and disadvantages.

The selection of patients suitable for surgical treatment is quite
important: they must necessarily have the residual function of the
inner retina - confirmed by an electroretinogram, preserved light
perception, they should not have any additional ocular pathology
and significant systemic diseases; to be over the age of 25, and have
format vision.

The epiretinal implant is made up of six parts: three intraocular and
three extraocular. The vision field is scanned from a microcamera built
into glasses. The visual information is processed and transformed by
a video-processing portable device and transmitted wirelessly via a
transmit antenna in the glasses to an antenna receiving part of the
intraocular implant (Fig. 1), which activates a microelectronic case
emitting pulses by which the epiretinal implant (consisting of 60
electrodes, each 200 microns in diameter) stimulates healthy layers
of the retina, from which the transmission of information follows
its natural course through the optic nerve to the visual cortex. The
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Fig. 1. Epiretinal implant - a receiving antenna fixed episclerally, attached with
power cable that is fixed into the subcutaneous layer within the retroauricular area

Fig. 3. Epiretinal implant- pars plana vitrectomy and epiretinal implant fixed to the
surface of the retina, into the macular area

HAMam gONbAHUMEAHa 04Ha NAMOAO2UA U 3HAYUMEAHU CUCMEMHU
3a00AABaHUA; ga ca Hag 25-20guliHa Bv3pacm, umawu GopmMeHo
3pEHUE.

EnupemuHaAHUAM UMNAGHM € U32pageH Om Wecm yacmu:
mpu uHmpaokyaapHu U mpu ekemaokyAapHu.  3pumeAHomo
none ce ckadupa om mukpoBugeokamepa, BzpageHa B 04uAa,
3pumeAHama uHpopmauua ce obpabomBa u mpaHchopmupa om
BugeoobpabomBawlo npeHocumo ycmpodcmBo u ce npegaBa
0e3kuyHo npes npegaBameaHa aHmera B o4urama koM npuemauia
aHmeHa, yacm om uxmpaokyAapHus umnaatm (Que. 1), koamo
akmuBupa mukpoeaekmpoHHa Mukpokymua, usabyBauia umnyacu,
ype3 koumo enupemuHaAHUAM UMNAGHM  (CbCmoAWw, ce om

Fig. 2. Epiretinal implant - microelectronic box - part of the epiretinal implant sewn
to the sclera with scleral buckle

surgical procedure for implantation of the epiretinal chip requires
general anesthesia and lasts several hours. The operation is carried
out in one step, starting with a peritomy of 360 degrees, isolating the
four rectus muscles and a superotemporal quadrant under the lateral
rectus muscle. The receiving antenna and the microelectronic box are
sewn to the sclera with a technique similar to a scleral buckle (Fig. 2).
Next step is a pars plana vitrectomy, superotemporal sclerotomy, full-
thickness choroidotomy and the implant is fixed to the surface of the
retina, in the macular area by means of a retinal tack (Fig. 3), while
remaining attached to the electronic box by means of polymer cable.
The extra-ocular part of the cable is sewn with a mattress suture (Fig.
4) (7.8,9).

The subretinal implant consists of three parts: 1. a microchip
consisting of 1600 photodiodes that transform directly the light on
it into an electrical signal; from there, the signal reaches the healthy

Fig. 4. Epiretinal implant - the microelectronic box remains attached to the
epiretinal implant by means of polymer cable

23



Pavlina Pavlova, Yuliya Boneva, llian Shandurkov

Fig. 5. Subretinal implant and transponder - microchip charging device attached
with a magnet behind the ear, connected to a coil which is built in subperiosteally

60 enekmpoga, Bceku ¢ guamemovp 200 mukpoHa) cmumyAupa
3gpaBume cAoeBe Ha pemuHama, ommam npegaBaHemo Ha
UHGopmauusma caegBa cBoa ecmecmBeH X0g NPe3 3pumeAHus
HepB kom 3pumeaHama kopa. XupypzuyHama npouegypa 3a
UMNAGHMUPAHE Ha enupemuHaAeH Yun uuckBa obwa aHecmesua u
mpae HAkoako yaca. 38opwBa ce Ha eguH eman, kamo 3ano4Ba ¢
nepumomuaHa 360 2pagyca, usoAupam ce yemupume npaBumyckyaa
u B 20peH memnopaaeH kBagpaHm nog AamepaaHua npaB myckya ce
npuwuBam npuemawiama aHmeHa u MukpoeaekmpoHHama kymus
koM ckaepama, ¢ mexHuka, nogobHa Ha ckaepaaqa naomoa (Que.
2). N3BvpwiBa ce napc naaHa Bumpekmomus, ckaepomomua 20pe
— MEMNOPAAHO, XOPOUgOMOMUA 8 NbAHa gebeAuHa U UMNAGHMoLM
ce (Gukcupa kbm noBopxHocmmMa Ha pemuHama, 8 obaacmma Ha
makyaama, ¢ nomowima Ha pemunaaer mak (Quz. 3), kamo ocmata
cBbp3aH ¢ eaekmpoHHama kymus nocpegecmBomM MemaAu3upaH
noAumepeH kabea. EkcmpaokyaapHama yacm Ha kabeaa ce 3awuBa
¢ Mampaden wes (Que. 4) (7,8,9).

CybpemuHaAHUAM UMNAGHM Ce CbCmoUu Om mMpu yacmu:
1. mukpoyun, cbcmoaw, ce om 1600 ¢omoguoga, kodmo
mpaHchopmupa gupekmHo nonagHaaama Bopxy He2o cBemauHa 8
eAekmpuyecku cuzHaA, ommam cuzHaAbm gocmuza go 3gpaBume
cA0eBe Ha pemunama, kamo 2u akmuBupa u ce npegaBa npe3
3pumeAHus HepB koM Mo3vka; 2. mpaHcnoHgep — 3axpaHBaulo
mukpoyuna ycmpolcmBo, npukpeneHo C Maz2HUM 3ag yxomo,
cBbp3aH ¢ Hamomka — cybnepuocmaaHo B2pageHa; 3. npeHocUMO
ycmpotcmBo ¢ bamepuu, Ype3 koemo ce peayaupam Apkocmma u
kormpacmom 8 ycaoBusma Ha cpegama (Quz. 5).

Xupyp2uyHama uHmepBeHuUA 3a NOCMABAHEMO Ha CyopemUHaAHUA
umnaaim ce u3BopwBa B gBe uacmu: ekcmpaokyrapHa —
cbcmoAwa ce om pempoaypukyAapHo nocmaBaHe Ha Hamomkama
om koxAeapeH UMNAGHMOAOZ; UHMpaokyAapHa yvacm, B koamo
cybpemuHaAHuUAM Yun ce nocmaBa nog GoBea ueHmMpaauc, mexgy

Fig. 6. Subretinal implant - a pars plana vitrectomy is performed and a 41 G
subretinal cannula with BSS is used to form a subretinal vesicle comprising a
superotemporal retina and macula

layers of the retina by activating them and passing through the visual
nerve to the brain; 2. a transponder - microchip charging device,
attached with a magnet behind the ear, connected to a coil which is
built in subperiosteally; 3. a portable battery device which adjusts the
brightness and contrast under the conditions of the environment (Fig.
5).

Surgical intervention for insertion of the subretinal implant is done
in two stages: extra-ocular - consisting of retro-auricular insertion
of the coil by a cochlear implantologist; an intraocular part in which
the subretinal chip is placed under fovea centralis, between the
pigment epithelium and the inner retina. An opening is created at the
superotemporal orbital rim in order to convey the implant and the
connecting cable behind the ear. A scleral flap is formed in partial
thickness superotemporally. A pars plana vitrectomy is performed and
a 41 G subretinal cannula with BSS is used to form a subretinal vesicle
comprising a superotemporal retina and macula (Fig. 6). Linear
sclerotomy and choroidotomy are created at the base of the scleral
flap. The retinal implant is inserted into the subfoveal region with a

Fig. 7. Subretinal implant - the retinal implant is inserted into the subfoveal region
by a flexible polyamide foil and the foil is removed
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nuzMeHmMHuA enumea u BbmpewHama pemuna. Cv3gaBa ce omBop
B8 20peH memnopaAeH OpobumeH pbvb 3a NpemuHaBaHe Ha uMnAaHma
u cBop3Bawiua kabea omkom yxomo. Odopmsa ce ckaepaaHo AaMbo
8 yacmuyHa gebeauHa 2ope — memnopaHo. 3BbpwBa ce napc
naaHa Bumpekmomus u ¢ 41 G cybpemuHanHa kanloaa u BSS ce
odopmA CybpemuHaAHO Mexypuye, 06xBaulawlo 20pHa MemMnopaAHa
pemura u makyaa (Que. 6). Cvb3gaBa ce AuHedHa ckaepomomus
u xopougomomua B8 ocHoBama Ha ckaeparHomo Aam6o. “pes
2bBkaBo noAuamugHo $oAuo ce BbBexga pemuHaAHUAM UMNAGHM
8 cy6dpoBeorapHomo npocmpaHcmBo, caeg koemo ¢oauomo ce
usBaxkga (Quz. 7). Mmnaaimom ocmaBa npukpenet koM pemutama
¢ BogoycmoduyuBo noauamugHo Goauo. CBopaBawuam kadea ce
npuwuBa kom ckaepama. MocmaBa ce cuaukoHoBa mamnoHaga
(10,11).

Cnopeg pesyamamume om gBe 20AeMU KAUHUYHU NpOoy4BaHuA Ha
gBama Bogewu npegcmaBumeAu Ha PemMUHAAHUME UMNAAHMU:
Alpha AMS — cy6pemuHaaeH umnaaHm om 2017 2., ¢ 12-MeceyHo
npocaegaBare B YHuBepcumemckama kaunuka B PolimauHeep —
lepmanua (10), u Argus Il enupemuHaneH umnaaim — om 2018 2.,
YHuBepcumemckama kauruka — bopgo, Qpanuua (6), nauuermume
nogobpaBam kayecmBomo cu Ha XuBom u gedHocmma B
ekegHeBuemo cu ¢ Hag 75%. Te pa3no3HaBam 2onemu 6ykBu Bopxy
mabAo, 260MEMPUYHU (u2ypu, CbgoBe U Npubopu, onpegeAsm
nocokama Ha gBukeHue u usmoyHuka Ha cBemauHa.

O6CbXAHE

Ha mo3u eman om pa3Bumuemo Ha pemuHaAHUMe UMNAGHMU U
Xupyp2uyHama memoguka Ha mAXHOMO nocmaBAHe & MmpygHO
ga ce onpegeAu koo om BugoBeme umnAaHmu € no-HageXkgeH B8
gbA20CpOYeH NAaH, kakmo u npu kod HexeaaHume peakuuu buxa
6uAU no-maako. MpegumemBo Ha enupemuHaAHUA UMNAGHM CNPAMO
CcybpemuHaAHUA € moBa, Ye gupekmHo cmumyAupa 2aHeAudHUME
kaemku, mvd kamo e no-noBvbpxHOCMHO pa3noAokeH. Taka moXe
ga Ce NpuAd2a Ha nauueHmu, npu koumo Bcuyku ocmanaAu cAoeBe
Ha pemuHama ca yBpegeHu. MpeumywecmBo Ha cybpemuHaAHus
uMnAaHM e moBa, 4e npuemaHemo U o6pabomkama Ha
3pumeAHama uHdopmauusma ce Uu3BvpwBa gupekmHo om
mukpodomoguogume, om koumo € u3zpageH uUmnAaHmovm, 3a
pasAuka om enupemuHaAHuA, npu kodmo obpasbm ce Bb3npuema
om Mmukpokamepa, BzpageHa B8 ouuaa. Taka cybpemuHaAHUAM
uMnAaHm no3BoAABa nauueHmume CBO6OGHO ga u3NoA3Bam
gBuwkeHuemo Ha oyume cu. Hegocmamuvk Ha enupemuHaAHUA €
02paHuyeHomo gBwkeHue HA 04UME Ha nauueHmume, mbvd kamo
3puUmeAHomOo noAe ce ckanupa om Bugeokamepa, koemo Hanaza
JONBAHUMEAHO NO-QbA20 0BYyYeHUE Ha nauueHmume. BvamokHo
e nocmonepamuBHO BopmeHe Ha enupemuHaAHUA UMNAGHM
okoro ocma My U Bb3HukBaHe Ha pemuHaAHa 2Au03a Mekgy
noBovpxHocMma Ha pemuHama u umnaaHima (7,8,9). Hegocmamuok
Ha CybpemuUHAAHUA UMNAGHM € 02PaHUYeHOMO My U3n0A3BaHe
npu nauueHmu ¢ yBpega, npocmupawa ce u3BoH BbHWHUA
(GomopeuenmopeH ¢Aod, m.e. uduckBa HenokbmHamu BvmpewHu
U CpegHu cAoeBe Ha pemuHama. [lokaagBaHu ca cAyyau Ha Aow
nocmonepamuBer pesyamam BcaegecmBue Ha  mukpompaBma
Ha nNoAUaMUgHOMO (oAUO N0 Bpeme Ha UMNAaHMauuAma.
OmAenBaHemo Ha pemuHama nocmonepamuBHO He € 4ecmo U
npu gBama Buga umnaaHmu. HokaagBaHu ca cAyyau Ha QOAHO

flexible polyamide foil and the foil is removed (Fig. 7). The implant
remains attached to the retina with a waterproof polyamide film. The
connecting cable is sewn to the sclera. A silicon oil endotamponade
is placed (10,11).

According to the results of two major clinical studies of the two
leading representatives of retinal implants, Alpha AMS - a subretinal
implant from 2017, with a 12-month follow-up at the University Clinic
in Reutlinger, Germany (10), and the Argus Il epiretinal implant -
University Clinic - Bordeaux, France (6), patients improve their quality
of life and activity in their daily lives by over 75%. They recognize large
letters on a dashboard, geometric figures, and determine the direction
of movement and the light source.

DISCUSSION

At this stage of the development of retinal implants and the surgical
method of their placement, it is difficult to determine which type of
implants is more reliable in the long run, and in which side effects
would be less. An advantage of the epiretinal implant over the
subretinal is that it directly stimulates the ganglion cells as it is
more superficially located. Thereby, it can be applied to patients in
whom all other layers of the retina are damaged. The advantage of
the subretinal implant is that the reception and processing of the
visual information is done directly by the microphotodiodes from
which the implant is built, unlike the epiretinal, in which the image is
perceived by the micro camera embedded in the glasses. Thus, the
subretinal implant allows patients to freely use the movement of their
eyes. The drawback of the epiretinal is the limited eye movement of
the patients, as the vision field is scanned from the video camera,
which requires further longer training of the patients. It is possible
postoperative rotation of the epithelial implant around its axis and the
occurrence of retinal gliosis between the surface of the retina and the
implant (7,8,9). A disadvantage of the subretinal implant is its limited
application in patients with lesions extending beyond the external
photoreceptor layer, i. . requires intact inner and middle layers of the
retina. Cases of poor post-operative result due to microtrauma of the
polyamide foil during implantation have been reported. Postoperative
retinal detachment is not common with both types of implants. Cases
of inferior temporal detachment with on macula have been reported
and successfully treated (10,11).

CONCLUSION

Anewly invented photovoltaic implant that is fully powered by infrared
light emitted by video glasses. From the beginning of 2018 a clinical
study of patients has been initiated, with expectations for very good
results and high resolution postoperatively, since the implant is made
up of a large number of electrodes on a small area, and it does not
require complicated surgical intervention as with implants until now
fed with extraocular electronics connected to the implant via a trans-
scleral cable (12). At this stage of its development, medicine is in the
process of searching for the perfect model of a retinal prosthesis to
help blind people.
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MeMNopaAHo omaenBaHe ¢ Aekawa Makyaa, koumo ca yenewHo
AekyBanu (10,11).

3akaloyeHue

TenopBa HaBauza HOB (omoBoAmauyeH umnaaHm, kolimo ce
3axpaHBa HanbAHO ©6e3ku4Ho om  uHppavepBeHa cBemauHa,
usapyBawa ce om Bugeooyura. Om Havaromo Ha 2018 2. e
cmapmupaHo KAUHUYHO Npoy4BaHe Ha nauueHmu, kamo ce o4akBam
MH020 gObpu pesyamamu u Bucoka pasgeAaumeAHa cnocobHocm
nocmonepamuBHo, mvl kamo UMNAGHMLM € U32pageH om
20AAM bpod erekmpogu Ha maaka naout u 3a nocmaBaHemo my
He e Heobxoguma cAoKHa XupypeuyHa uHmepBeruus, kakmo npu
UMNAGHMUME go MoMeHmMa, koumo ce 3axpaHBam ¢ ekcmaokyaapHa
enekmpoHuka, cBbp3aHa ¢ uMNAaHMa upe3 mpaHcckaepaneH kabea
(12). Ha mo3u eman om pa3Bumuemo cu MeguuuHama e 8 npouec
Ha MbpCeHe Ha CbBbpWEeHUA MOGeA pemuHaAHa npomesa, B8
NOMOUL Ha HE3PALLLME XOpa.
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