DOI: 10.4274/tjo.galeno0s.2022.53598 C R
Turk ] Ophthalmol 2023;53:58-66 ase Report

Evaluation of the Long-Term Clinical Results of 3
Patients Implanted with the Argus II Retinal Prosthesis

® Dilek Giiven*, ® Eyiip Diizgiin**, ® Oguz Kaan Kutucu***, ® Cengiz Gul***

*Actbadem Maslak Hospital, Clinic of Ophthalmology, Istanbul, Tiirkiye
#*University of Health Sciences Tiirkiye Sultan 2. Abdulhamid Han Training and Research Hospital, Clinic of Ophthalmology, Istanbul, Tiirkiye
##%University of Health Sciences Tiirkiye Sisli Hamidiye Etfal Training and Research Hospital, Clinic of Ophthalmology, Istanbul, Tiirkiye

Abstract

This study presents the long-term clinical results of Argus II retinal prosthesis implantation in eyes with light perception and projection
in 3 patients with end-stage retinitis pigmentosa. No conjunctival erosion, hypotony, or implant displacement was observed during
postoperative follow-up. The electrical threshold values were lower in the macular region and higher close to the tack fixation region and
peripherally. Optical coherence tomography scans showed fibrosis and retinoschisis formation at the retina-implant interface in two cases.
This was attributed to mechanical and electrical effects on the tissue due to the active daily use of the system and the electrodes’ proximity
to the retina. The patients were able to integrate the system into their daily lives and perform activities that they could not do before.
Studies on retinal prostheses for the rehabilitation of hereditary retinal diseases are ongoing, so both social and clinical observations and
experiences related to the implant are valuable.
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Introduction

Current approaches to human retinal implants are classified
as epiretinal, subretinal, suprachoroidal, and scleral (transscleral
suprachoroidal).! The Argus II Retinal Prosthesis System (Second
Sight Medical Products, Inc., Sylmar, CA, USA) is an epiretinal
prosthesis that is surgically implanted to provide artificial vision
to patients with degenerative diseases of the outer retina.”’
It consists of external and internal components. The internal
electrode array, which consists of 60 microelectrodes 200 pm
in diameter arranged in a 6x10 grid, is 9x5.5 mm in size,
provides 20° of visual field, and is attached to the retina using
a retinal tack. The Argus II implant has both a CE mark and
FDA approval, and was implanted in more than 350 patients
in numerous countries worldwide (information provided by
Second Sight).” In May 2019, Second Sight Medical Products
stopped producing the Argus IT Retinal Prosthesis. Thus, no new
implantations are being performed, but follow-up of implanted
patients and necessary updates continue. In this study, we discuss
our experiences before, during, and after implantation in a single
center in our country.

Case Report

In 2014, the Ophthalmology Clinic of University of Health
Sciences Tiirkiye, Sisli Hamidiye Etfal Training and Research
Hospital became the first center in Tiirkiye to receive certification
from Second Sight Medical Products for the implantation of the
Argus II Retinal Prosthesis System. More than 500 patients
with retinitis pigmentosa (RP) were evaluated in our hospital
for eligibility to undergo implantation.® Three patients with
end-stage RP who met the eligibility criteria received an Argus
II Retinal Prosthesis (phase 1 clinical trial no: NCT00407602).
Before the implantation, patients and their relatives were
informed about the surgery, device features and operation,
associated risks, and realistic expectations, and written informed
consent forms were obtained from the patients and their relatives.

Preoperatively, a detailed anterior and posterior segment
examination, swinging flashlight test after dark adaptation,
and visual acuity examination were performed. Postoperative
examinations included anterior and posterior segment
photography, fluorescein angiography when necessary, spectral
domain optical coherence tomography (OCT) (3D OCT Topcon
2000 FA Tokyo, Japan) with MMG6 scanning program and 9-mm
section scans, and OCT angiography (OCTA) (AngioVue Avanti
RTVue-XR 2017 version; OptoVue, Fremont, CA, USA) with
the 12-mm high-density line scan. In the first case, imaging and
evaluation could be performed with a prototype OCTA device,’
but the results were not evaluated in this study because OCTA
scans of sufficient quality could not be obtained with the later
version.

Implantation of the Argus II epiretinal prosthesis and the
pre- and postoperative medical treatment were carried out as
previously described in the literature.® Approximately 10-14 days
after surgery, a “fitting” procedure was petformed to determine
the electrical excitation threshold values of each electrode.” This

procedure was repeated only once, at postoperative 1 month.
However, in case 1, the fitting procedure was repeated at 1 year
because of the patient’s recurrent subjective complaints of low
signal reception. Perceptual threshold values were classified as
low (1-233 pA), moderate (234-452 pA), high (453-677 pA),
and no perception.

At postoperative 1 month, the patients began rehabilitation
sessions with an occupational therapist to learn how to use the
device and allow them to integrate it into their daily life. Patients
received occupational therapy every 2 weeks for 3 months starting
from the first month, followed by ophthalmologic examinations
every 3 months thereafter until 1 year. In the following period,
sessions continued until final follow-up at varying intervals
based on the availability of the patient and their relatives.

At the time of writing, the time elapsed since implantation
of the Argus II epiretinal prosthesis was 73 months for patient
1, 62 months for patient 2, and 50 months for patient 3. In
this study, we discuss the patients’ initial findings, early post-
implantation findings, and findings at last follow-up at post-
implantation 70, 37, and 25 months, respectively, as well as the
stimulus threshold values determined in the fitting procedure.

Patient 1 was a 58-year-old man with end-stage RP whose
vision in both eyes had decreased over the last 5 years to the level
of light perception and projection (LPP). Phacoemulsification,
intraocular lens implantation (phaco-IOL), pars plana vitrectomy
(PPV), and Argus II implantation were petformed in his right eye
in January 2016. Preoperatively he had bilateral nuclear sclerosis,
intraocular pressure (IOP) was 18 mmHg, and axial length (AL)
was 23.13 mm. His last follow-up was performed at 70 months
postoperatively. Patient 2 was a 36-year-old man with end-stage
RP whose vision in both eyes had also decreased over the last
5 years to the level of LPP. He underwent PPV and Argus II
implantation in his right eye in December 2016. Preoperatively,
he was pseudophakic bilaterally, his IOP was 12 mmHg, and AL
was 24.95 mm. His last follow-up was performed at 37 months
postoperatively. Patient 3 was a 43-year-old woman with end-
stage RP whose vision had decreased to LPP in both eyes over
the last 7 years. She underwent phaco-IOL, PPV, and Argus II
implantation in the left eye in December 2017. Preoperatively
she had minimal posterior subcapsular opacity bilaterally, IOP
was 12 mmHg, and AL was 25.17 mm. Her last follow-up was
performed at 25 months postoperatively.

No extraocular adverse events occurred during any of the
implantation surgeries. In all patients, all electrodes were active
in the electrical stimulation tests performed before, during, and
at the end of surgery. None of the patients developed conjunctival
surface erosion or hypotony during postoperative follow-up
(Figure 1). Topical artificial tears were given for subjective
complaints. Eye movements were unrestricted in all directions,
and there were no complaints of foreign body sensation. Patient
2 exhibited transient focal dellen due to conjunctival edema
in the early postoperative period, which resolved with topical
artificial tears. In all patients, fundus examination showed that
the electrode array remained in stable contact with the macular
region where it was placed, with no rotation (Figure 2A-C).
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Figure 1. Patient 3: At 1 day after Argus II epiretinal prosthesis implantation,
the conjunctiva is hyperemic and sutures are intact (A). Anterior segment images 2
years later show the conjunctiva is intact and the edge of the electronic box is visible
under the conjunctiva (B)

When OCT sections were evaluated, the implants remained
stable in the early postoperative period and during follow-up in
all patients. The formation of a local shallow elevation, referred to
as a “snow bank,” was observed at the contact junction between
the retina and implant margin. This contact was only at the
tack site and the opposing short edge in patient 3. In patient 1,
thickening of the retina surrounding the atrophic foveal area and
in contact with the implant’s electrode array, enlargement of the
contact area, and intraretinal cyst were observed starting at month
6 and becoming pronounced at month 9. In addition, epiretinal
membrane extensions were observed around the implant,
presumably due to incomplete removal of residual hyaloid. This
situation remained stable at the last follow-up at 6 years (Figure
3). In patient 2, thickening of the retina at sites of direct contact
with the implant electrode array, dissociation of the retinal layers
similar to retinoschisis, and a hyperreflective layer consistent with
fibrosis at the interface were observed starting at month 6 and
becoming pronounced at month 9, and the area of implant-retina
contact enlarged with the increase in retinal thickness (Figure
4). Fundus fluorescein angiography was performed to rule out
choroidal neovascularization after observing clinically increased
pigmentation inferior to the implant center and thickening
of the retinal pigment epithelial layer in OCT sections. In the
early phase, pigmentary blockage and hyperfluorescent dots that
developed over time were observed, with no increase noted. In the
late phase, fading of the fluorescence and mild staining in the area
of blockage were observed. This was believed to be attributable to
intraretinal cystic spaces, not choroidal neovascularization. It was
monitored with palliative topical non-steroidal anti-inflammatory
therapy (Figure 5). In these two patients, the retinal thickening
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Figure 2. Pre- and post- implantation color fundus photographs and optical
coherence tomography retinal thickness maps with markings representing the
implant location. Diagrams of electrical stimulation thresholds of the 60 electrodes
determined after the fitting procedure performed 1 month and 1 year after
implantation in patient 1 (A) and at 1 month after implantation in patients 2 and
38,0

and edematous appearance after 9 months were considered to
be related to the electrical stimulation associated with longer
daily duration of active use (2.5-10 hours/day) or a reaction to
mechanical contact. In patient 3, the area of direct retina-implant
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Figure 3. Optical coherence tomography sections obtained in patient 1 at post-implantation 1 month, 9 months, 2 years, 3 years, and last follow-up demonstrate the
formation of small intraretinal cysts and fine fibrils on the retina at 9 months, followed by retinal thickening and marked retinoschisis formation at the retina-implant interface
and epiretinal membrane (ERM) formation around the implant at 1 year. These features persisted at final follow-up at 6 years

Preoperative Patient 2

Postoperative 1 month

Figure 4. Optical coherence tomography sections obtained in patient 1 at post-implantation 1 month, 1 year, and 3 years show retina thickening along the entire retina-
implant interface, the formation of a hyperteflective layer consistent with fibrosis between the implant and retina, and retinoschisis formation at 6 months that was not
present at 1 month

61



Turk J Ophthalmol 53; 1: 2023

Figure 5. Fluorescein angiography images of patient 2 obtained 1 year after implantation shows focal punctate staining under the implant demonstrating pigmentation-
related blockage in the early phase with diffusion and fading of the focal staining in the late phase (arrows)

Patient 3 Postoperative 1 year

Figure 6. Optical coherence tomography sections obtained in patient 3 at post-implantation 1 month, 1 year, and last follow-up showed that the implant was located close
to the retinal surface with no signs of retinal edema or epiretinal membrane

contact was more limited at implant placement and did not fibrotic tissue, or retinoschisis was detected in this patient during
correspond to the electrode array, and the daily duration of device follow-up (Figure 6). Although the electrodes, wires, retinal
usage was shorter than in the other patients (1-2 hours/day). tack, and handle of the implant caused intermittent shadowing
No retinal thickening or development of epiretinal membrane, artifacts, OCT was found to be generally very effective in
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Table 1. Characteristics of patients who received the Argus II epiretinal prosthesis implant
. Follow- Preop visual | Post i Pre cular
Patient Age | Gender otlow-up op VIS ostop Rz Op Postop macular status
time acuity acuity status
. Signs of retinoschisis and thickening under the
1 M h: LP+P LP +P Atroph
o8 70 monchs i i trophue implant, thin ERM formation around the implant
i f retinoschisi he impl ke
) 36 M 37 months LP 4 P LP + P S Slgns o 'retmosc isis undef the implant, marked
thickening, marked fibrosis
3 £ F 75 s IP+P P+ P Al No ERM, edema, retinoschisis, or fibrosis was
observed.
Preop: Preoperative, Postop: Postoperative, M: Male, F: Female, LP + P: Light perception and projection, ERM: Epiretinal membrane

evaluating the implant site, the relationship between retina and
implant, and the findings around the implant (Table 1).
Perceptual threshold values were 89-613 pA in patient 1, 40-
645 pA in patient 2, and 20-645 pA in patient 3 (Figure 2A-
C). Distributions of perceptual threshold levels at 1 month as
a proportion of electrodes were as follows: for patient 1, low
in 3/60, moderate in 45/60, high in 7/60, and no phosphene
perception in 5/60; for patient 2, low in 28/60, moderate in
19/60, high in 11/60, and no phosphene perception in 1/60;
for patient 3, low in 22/60, moderate in 27/60, and high
in 11/60. The number of low thresholds was higher in the
younger patients. In patient 1, the distribution of threshold
values at 1 year was low in 19/60, moderate in 25/60, high
in 10/60, no stimulus in 1/60, and no phosphene perception
in 5/60. It was observed that the high current values and the
electrodes without phosphene perception were in the region
around the tack, while the current threshold values decreased
in the macular region. Increased threshold values in a larger
area in the tack region were found to be associated with
possible fibrosis around the tack and a more atrophic retina in
the periphery, while decreased threshold values in the macular
region were associated with thickening of the retina due to
the retinoschisis-like reaction and the proximity of the internal
retinal folds to the electrodes in the macular region. In patient
2, the threshold values were found to be high in the region
close to the tack and in the electrodes near the optic disc, and
one electrode did not elicit phosphene perception at the highest
safe threshold value. In patient 3, threshold values were low
in the macular region and higher in the tack region, and all
electrodes were actively receptive to stimulation. When the
patients were evaluated in general, electrical threshold values
near the tack (corresponding to the upper temporal macula)
and in the periphery were higher, while those in the macular
region were lower.

With electrical stimulation, our patients described bright
dots. The patients performed exercises such as pointing at a
high-contrast (black on white or white on black) 7.3-cm square
or determining the direction of 3.7-cm thick bars moving
vertically, horizontally, or diagonally across the screen over
2,000 ms on a computer screen at a distance of 30 c¢m, as well
as locating and touching high-contrast objects (Figure 7). In

the next stage, the patients started to use the device at home,
at work, or outside, and they were also encouraged to use white
canes. The system was actively used on a regular basis for 2.5-10
hours a day for the first 2 years. Patient 1 used the system longer
and more effectively, and the outer cable was replaced because
the connection site was worn from use. During the coronavirus
disease-2019 (COVID-19) pandemic, the patient reported that
they had the same cable problem and could not use the system
actively during this period because they were unable to present
for follow-up. Patients 2 and 3 actively used the system in
their daily lives with occupational therapy for the first 2 years.
However, they later missed annual follow-up visits because they
moved away or did not have continuing support from family
members and because of the COVID-19 pandemic. When
contacted by phone, they reported not using the system actively.

Discussion

Studies have indicated that patients who underwent Argus II
retinal prosthesis implantation were found to have significantly
more successful orientation, mobility, letter reading, reaching
for and grasping objects, real-life activities, and reproducible
phosphene perception when the device was active than when it
was not active, and this success continued.®” The highest spatial
resolution obtained with the Argus II retinal prosthesis was
reported as 1.8 logMAR (Snellen 20/1262),° and improvements in
visual field examinations were also observed after implantation.'
The patients in our series achieved some abilities while actively
using the Argus II epiretinal prosthesis system. Patient 2 was
able to perceive obstacles and moving people in a room or
corridor and move through without hitting them, find the door
and door handle in a room, notice pictures and signs hanging
on the wall, notice a plate on a table and find the spoon/fork
and food on the plate, notice a contrasting drink in a glass,
understand whether a glass is empty or full, and walk faster and
more securely using the cane he used before. Patient 1 was able
to accurately place high-contrast numbers of approximately 9 cm
on a clock face, and patient 3 was able to trace a shape on a white
background with her index finger marked black. The patients
were able to apply some of these in their daily lives at home
with the support of family members, but were mainly motivated
when working with the occupational therapist.

In a large series of patients with Argus II implants,
24 adverse events were reported in 40% of patients in 5
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Figure 7. Exercises conducted by patients while the Argus II epiretinal prosthesis implant is active, accompanied by an occupational therapist: Patient 1 accurately places
numbers in the position on the clock face, patient 2 combines the letters to form words, and patient 3 indicates a small cube on a white plate by touching with her finger

years of follow-up, most of which occurred in the first year
and consisted of conjunctival erosion, conjunctival dehiscence,
hypotony, 3 cases of presumed endophthalmitis, and 1 case of
rhegmatogenous retinal detachment.' With improvements in
the surgical procedure, the incidence of hypotony decreased."?
In a retrospective study of 274 patients who underwent Argus
II between 2007 and 2017, conjunctival erosion was the most
common adverse effect, observed in 60% of patients in the first
15 months and 85% in the first 2.5 years."” No implant-related
complications were observed in any of the patients in our series.

The electrical stimulus threshold can be defined as the current
required for the patient to perceive a phosphene. The closer an
electrode is to the retinal surface and the macula, and the more
cell bodies are around it, the lower this threshold is.'* Lower
thresholds are more desirable in terms of reducing electrode
corrosion and enabling electrical stimulation of a large area.
However, the situation seen in practice may be different. In one
series of 3 cases, lower threshold values and better performance
in 2 of the implanted patients were attributed to small implant-

¥ whereas in another S-case series evaluating

retina distance,
electrical stimulation results based on implant-retina distance,
it was reported that the functional relevance of this distance was
patient-dependent, that complete apposition was not necessary
to achieve good results, and that it could even reduce function
by causing retinoschisis.'® In our study, initial threshold values
were relatively higher in patient 1, who was older and had a more
atrophic fovea. At 1-year follow-up, implant-retina distance was
decreased as a result of reduced retinal cyst formation, and there
was a decrease in the threshold values. In patient 3, however,
retina-implant contact was only present at the implant margin,
there was no direct contact with the electrodes, and threshold
values were found to be lower.

64

Studies in the literature have examined and attempted to
explain the development of retinal thickening, retinoschisis, and
fibrosis at the implant-retinal interface, which we observed to a
mild degree in patient 1 and more dramatically in patient 2 in
our study. In a study examining the status of 18 consecutively
implanted patients at 6-month follow-up, it was observed that
compared to postoperative 1 month, 68.75% of the implants
had rotated inferiorly and epiretinal membranes had formed
at the implant-retinal interface.'” In another study of 20 eyes
implanted with the Argus II retinal prosthesis and followed
up with OCT, hyperreflective tissue resembling fibrosis at
the implant-retina interface was observed on OCT in 10 and
progression to retinoschisis in 9 of the eyes.'® In that case series,
in which the mean age was 57.4 years and mean follow-up
time was 36.8 months, fibrosis onset occurred at 2-33 months
and retinoschisis onset occurred at 6-36 months. Retinoschisis
showed no changes after development, and implant-retina
distance was not associated with the development of fibrosis.'®
The authors speculated that tack irritation or residual vitreous
remaining after epiretinal membrane and hyaloid removal may
have caused fibrosis and hyperproliferation, while retinoschisis
developed secondary to fibrosis-related traction. There was no
difference in the patients’ visual functioning while the device was
active.'"® However, patient 1 in our series complained of a decline
in function, so the fitting procedure was repeated and a revision
of the threshold values was needed.

In a 52-year-old patient with RP who did not undergo
epiretinal membrane peeling during implantation, retinal
thickening and a hyperreflective band at the implant-retinal
interface were detected at postoperative 1 year.!” The highest
increase in threshold values corresponding to the area with



Giiven et al. Long-Term Results of the Argus IT Prosthesis

the thickest fibrosis suggests that the thick fibrosis may have
prevented transmission. The authors speculated that electrical
stimulation of the retina may have induced local biochemical
changes and caused the rapid growth of existing epiretinal fibrosis,
and that the slight continuous rotation of the implant may have
caused chronic inflammation and fibrotic tissue proliferation
by mechanical friction. In fact, based on a histopathological
examination of fibrotic tissue surgically removed from the same
patient at 2 years post-implantation, it was reported that the
pathogenesis was an inflammatory process that led to sclerosis
due to increased connective tissue accumulation resulting from a
foreign body reaction, and the function of the implant increased
after surgery.®’ In our series, we believe that long-term electrical
stimulation and direct electro-retinal contact led to schisis-like
retinal changes in patients 1 and 3, while fibrosis developing
around the same time in patient 2 secondary to an excessive
inflammatory response. However, postmortem histopathological
examination of an eye implanted with the Argus II for 6
years revealed no additional damage in the nerve fiber region
corresponding to the implant area and the total neuron count
in the macular region did not differ from that in the fellow
eye, while the neuron count around the retinal tack was lower
compared to other perimacular areas, and fibrotic membrane
formation was observed only in and around the tack insertion
site.”! In a preclinical study of long-term electrical stimulation,
hyperfluorescence due to staining in the tack area was observed
on follow-up fluorescein angiography and fibrous tissue in the
tack area and fibrous proliferation in the surrounding retina
were observed on histopathological examination.” In the first
patient in our series, no significant capillary non-perfusion or
neovascularization was detected under the implant on OCTA at
1-year follow-up.’

In a recent study, the IMIE 256 epiretinal prosthesis
containing 256 electrodes was implanted in 5 Chinese patients,
4 with RP and 1 with Usher syndrome, and was explanted after
90 days as per protocol.” This implant is based on a working
principle similar to that of the Argus II epiretinal prosthesis,
with an electrode array 4.75x6.50 mm in size, and 4 of the
patients achieved a visual acuity of 20/1200. Studies to improve
the safety, feasibility, resolution, and functionality of epiretinal
prostheses, especially in patients with end-stage hereditary
retinal degeneration, are ongoing. The functional results, clinical
findings, anatomical data, and imaging features obtained in
the follow-up of patients who have an epiretinal implant and
electrically active use of the device are important for establishing
cause-effect relationships and directing future projects.
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