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Summary

This study assesses the effects of Transcorneetrield Stimulation (TES) on several
objective and subjective measures of visual fundioretinitis pigmentosa (RP). TES was
applied monocularly, 30 minutes/week for 6 monifse progression in mf-ERG might have

been stabilized with TES. Further studies with éargample sizes are needed.
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Abstract

Purpose: To assess the effects of Transcorneal ElectritaduBation (TES) on several

measures of visual function in retinitis pigment(RR).

Methods: This prospective, randomized, fellow-eye-contktudy includes 30 eyes of 15
RP patients. Each patient’s eyes were randomlgtseleas treatment(TE) and control
eye(CE), and 30 minutes/week TES applied for sintim& Patient evaluations were done
before and after TES including comprehensive ophibimgical examination, visual fields,
full-field and multifocal (mf-) electroretinograpi{(£RG), microperimetry, and optical
coherence tomography. All parameters were comdaeéate and after TES and between TE

and CE.

Results: After TES, the mean signal amplitudes(MSA) in niR<& were stabilized in TE.
MSA in CE decreased in every ring, reaching sigariice in fifth ring847,15+393,94 and
678,77+282,66 nV, p=0.039, before and after TESpeetively. The changes in MSA of TE
and CE were -0,38+£295,53 and -185,15+332,62nV ¢orseé(p=0,046), 36,69+326,4 and -

143,38+317,41nV in fourth(p=0,028), -17,46+333,0d al68.38+297,14nV in fifth
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rings(p=0,046), respectively. The decrease in M8#vken 2° to 20° midperipheral retina
was significantly less in TE (-33,59+225,1nV) tHag (-205,56+345,1nV)(p=0,011). There

were no siginificant changes in other parameters.

Conclusions. The progression in mf-ERG might be stabilized WithS. Further studies with
larger sample sizes and longer follow-up are ne¢alednclude that TES reduces RP

progression.

Keywords: Retinitis Pigmentosa, Transcorneal Electrical 8tation, Neuroprotection,

Multifocal Electroretinography, Microperimetry
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Introduction

Retinitis pigmentosa (RP) is characterized by psgive, peripheral vision loss due to
impairment of photoreceptor cells and retina pignegithelium (RPE}. There is no
established therapy; therefore, even legal blinslngight be seen in advanced cases. Several
studies assessing gene and stem cell therapigsyusaupplements, platelet-rich plasma
therapy, retinal prosthesis, and transcornealretatstimulation (TES) therapy were

conducted for halting or slowing the disease pretés

TES’s beneficial effects in amblyopia, amaurosigroretinitis, glaucoma, and optic
atrophies have been speculated since 18%i3.a non-invasive method to activate retinal
"dormant” cells. The mechanism has not been dakjiiyet several hypotheses are suggested:
growth factor release and photoreceptor survivaliroprotection through retinal blood flow

regulation, and regulation of voltage-gated ionnzted activity?**

The security, tolerability, and effectiveness ofSTtherapy were assessed for several clinical
entities®® An initial study has shown that TES was safe irRE6patients after weekly 30-
minute stimulation for six montHsThere was a significant improvement in the vidieadi

(VF) area and scotopic b wave amplitude of thegmési stimulated with 150% of their
electrical phosphene thresholds (EPT). The sanay sitoup’s follow-up study did not reach
the same results but revealed improvement in plimtopave amplitudeS Another open-
label, multicenter research in the UK has denote8'3 safety in RP patients after six months
of weekly stimulatior?. The visual function tests like VF and microperirggtMP) did not
reveal any significant difference between the @edand control eyes. TES might still be an

attractive potential therapy option due to its saénd relative ease of application.

This study aimed to assess TES'’s effects on sesebgéctive and objective measures of

COPYISiSuAPFUREHOR' Srid it SATEty WHEH Used a8 4itret Modaiity for patieits Wit R



Material and Methods

Patient Selection

The study protocol was approved by the Institutiéteview Board of Marmara University
School of Medicine, and it was financially suppdrt® the Scientific Research Project
Commission of Marmara University School of Medigitstanbul, Turkey (Project No: SAG-
A-120418-0151). The study was conducted withintémets of the Declaration of Helsinki,
and written informed consent was provided fronoélhe patients or patients’ legal

guardians.

This prospective, randomized, fellow-eye-controéaldy included 30 eyes of 15 RP patients
whose diagnosis was confirmed by electrophysiokdgiests and recruited from the retina
department of Marmara University Hospital, Istantagtween August 2013-March 2019.
Inclusion criteria were an age of 10-50 years,-bestected visual acuity (BCVA) better than
0,7 logMAR (6/30 Snellen), recordable VF and MRutess and patient cooperation.

Exclusion criteria-were any ocular diseases likdbdiic retinopathy, choroidal
neovascularization, exudative age-related macwgeneration, corneal opacity, dense
cataract, glaucoma, dry eye disease, history oboaniar surgery, and history of systemic

diseases causing retinopathy.

Study Design

Patients’ eyes were randomly selected into thertreat eye (TE) group by an online random

integer generator_(www.random.org/integers), dnedféllow-eyes were taken as the control

eye (CE). The primary outcome measures were ef@tgsiological tests and visual function
tests as VF and MP. At baseline, various procedactgding a comprehensive

ophthalmologic examination, spectral-domain optazdierence tomography (SD-OCT;
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Spectralis, Heidelberg Engineering, Germany), 20@ 10-2 VF (HFA II; Carl Zeiss, USA),
MP (MAIA, Centervue, ltaly), full-field (ff-), andanultifocal (mf-) electroretinography (ERG;
Metrovision, MonPackOne, France) were performearder. At the second visit, EPT
determination and the first TES session were peréol. TES was administered weekly for 30
minutes for six months. Subjects were re-evaluaiitill the same examination procedures in
the same order after six months. Any possible agveffects were explained, and informed

consent was signed each week before TES.

The technicians who performed autorefractometry (8D, VFs, MP, ff- and mf-ERG were

masked. The doctor evaluating ophthalmologic exatron and EPT was not blinded.
Electrical Stimulation and Determination of EPT

The stimulation system consisted of 3 elements:Sliky OkuEl and OkuSpex (Okuvision
GmbH, Reutlingen, Germany). After 20 minutes ofkdadaptation, a single-use Dawson-
Trick-Litzkow electrode OkuEL was placed onto a aflet spectacle-like frame, OkuSpex.
The electrode was then put into the inferior formird the counter electrode was placed onto
the patient's forehead after being cleaned with &ropyl alcohol. For the assessment of
EPTs, an alternative forced-choice method was tfsédomplete dark environment during
EPT assessment is essential to perceive very gigigphenes and the accuracy of the
procedure. The subject was given a prompt whembegj. The stimulation parameters were
pulses of 5 ms positive and 5 ms negative deflaatith a frequency of 20 Hz. The current
amplitude was started from 0,02 mA and asked thgstito tell if they ‘feel’ the pulses. The
current is slowly augmented by 0,01-0,05 mA untihaximum level of 1,0 mA. When the
patient name correctly the number of pulses at base times, the individual threshold was
determined. The threshold was rechecked three tusiag OkuStim software (V.1.4.4.0),

nd the an was obtained. Everywpqtien 'S PTragz{de on aUéB stick anq]it[he ame
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individual treatment parameters were used in altsi The delivered current during therapy

was 200% of the patient's EPT.

TES therapy was administered in a quiet, dimlyteghroom where the patients lay down
with their heads positioned at a 45-degree andle.sIabilization of the system was easily
maintained in this position. During therapy, th@ide measured real-time resistance in the
electrode and gave a warning sign if it exceeddQ®. In this case, the electrodes and

positioning were checked.
Electroretinography

After 30 minutes of dark adaptation and pupil @itetn with the application of one drop of
tropicamide 1% (Tropamid®, Bililag, Turkey), phenylephrine 2.5% (Mydfrin®, Alcon,
USA), and proparacaine hydrochloride 0.5% (Alcaingé®on, USA) ERG jet electrodes

were placed. The ff-ERGs were recorded accordin§@EV standards.

Mf-ERGs were recorded after pupil dilatation. Thensllated retinal area was subtended in
an area of 60°x55°; 61 hexagon stimulants were wétidalternating black (5 cd/fhand
white (100 cd/rf) stimulants. The concentric rings were analyzembating to ISCEV
standardgFigure 1).** The amplitude and latencies of P1, N1, and N2 aorepts were
recorded for every ring. The mean signal amplit&SA) of mf-ERG in the macula
(central 0-2 degrees) and the peripheral (2-20edjrsignal amplitude changes were

evaluated separatéRigure 2).
Microperimetry

MP test, combining scanning laser ophthalmoscoplysartomatized perimeter with eye-
tracking technology, was recorded without pupiatition after 30 minutes of dark

Copyrighgaptafioh . Dutiriy tHe'test protoeoly 37erétindhppowere stifhitated acedrding te the



stairway strategy, and the mean threshold sertg@swvere noted in two, six, and ten-degree

concentric visual field aredEigure 3).

The regional sensitivity was assessed with thegrghical method used by Iftikhar et"al.

In this method, the test area is divided into tegions as central (16 test points) and
peripheral (52 test points), and the changes isetiwo regions were evaluated separately.
Although our device did not have the software ndettee mean of the central 13 points (0-2
degrees) and the mean of the remaining 24 poini® @egrees) was calculated arithmetically

(Figure 4).

The mean retinal sensitivities in the first ringiftral 2 degrees), second ring (6 degrees), and
third ring (10 degrees) were obtained by calcugaéwery ring’s arithmetical mean for TE

and CE. The changes in these sensitivities afegafly were also compared.
Optical Coherence Tomography and Visual Field Testing

SD-OCT images were taken after pupil dilatatiothatsame time of the day by the same
technician. Fast macula protocol was used to obitemetinal scans, with an automatic real-
time mean value of 9, which acquires 25 horizolmals (20°x20° area). The scanning was
made in radial lines mode. The central foveal theds (CFT) is defined as the distance
between the inner limiting membrane to the outedéoof the RPE via the automatic

segmentation algorithms of the Spectralis softweaae recorded.

VF evaluated with the SITA Standard test, with ded Goldmann 11l stimulus with a
background luminance of 10 cd/m2. The test was ected from a 33 cm distance with
spectacle correction, without pupil dilatation. Tst results were evaluated as acceptable if
fixation losses were less than 25%, false-posdive false-negative responses were less than

15%.
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Statistical Analysis

The statistical analysis was performed using Nundyencher Statistical System 2007
(NCSS 2007; Kaysville, Utah, USA) and Statisticatkage for Social Sciences for Windows
version 20.0 (SPSSv20.0; IBM, NY, USA). All destive data are presented as mean,
standard deviation (SD), median, minimum (Min), maxm (Max), and 95% confidence
interval (CI). Parametric tests and non-paramésists were applied depending on the
distribution of the data. The change within oneugravas marked ad\", and the significance
of the differences evaluated with the Wilcoxon sidirank test between the change within
groups was labeled aA test value p". The Mann-Whitney U test was usealsgess the
significance of differences among groups. The datigns were evaluated by Spearman

correlation analysis. Statistical significance wagarded as a p-value of less than 0,05.

Results

Thirteen of 15 patients (87%) completed the TES®ajne and the follow-up period. The mean
age of the patients was 25,92+10,25 (min-max,13yéajs. The demographic and clinical

characteristics of the patients were giveitable 1

The'mean BCVA in TE was 0,16+0,15(Snellen equivia28429)(min-max; 0-0,5), while the
mean BCVA in CE was 0,17+0,19(Snellen equivalerd8@{min-max; 0-0,7) in LogMAR
(p>0,05). After TES therapy, the BCVA changed by330,09(Snellen equivalent 20/21)

and -0,03+0,11(Snellen equivalent 20/21) in theahl CE, respectively (p>0,05).

The mean spherical equivalent of the patients @@&8+2,55 D. The patients with a family
history have more myopic refraction (-4,04+1,58nn-max:-6,00--1,50 D) than the patients

who have not a family history (-0,63+2,18 D; minxm4,00-2,75 D)(p<0,05).

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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The mean EPT of treated eyes was 0,283+0,22 mA-(naix: 0,16-0,40 mA) There was no

correlation between EPTs, VA, and mfERG, MP, andcYignges after therapy.

The mf-ERG MSA of T'ring (0-2"), 2"ring (2-5), 3%ring (5-10), 4" ring (10-15), and

5" ring (15-20) of the TE and CE before and after therapy arergimTable 2

The MSA in the T, 2" 39 and 4 rings did not show statistically significant chanafter six
months in the CE (p>0,05); however, the decreasieeitMSA in the 5. ring reached statistical
significance (p=0,039). On the other hand, the MSte £ 2 39 4" and %' rings did

not show statistically significant change aftersi@nths in the TE (p>0,05).

When the changes of mf-ERG results in the CE etedija was seen that the MSA in all
rings were decreased. In tH¥ @ng, the decrease in the CE’s MSA showed statistic
significance compared to the decrease in the T&#(16+£332,62 nV vs. -0,38+295,53 nV,
respectively, p=0,046). The mean amplitude sigealtehse in the CE and TE were -
143,38+317,41 nV and 36,69+326,4 nV in tHH[?ﬂF0,0ZS), and -168,38+297,14 nV and -

17,46+333,07 nV in the™(p=0,046) rings, respective({fable 2, Figure 5)

After TES therapy, peripheral (2-20°) signal ampul# decrease in mf-ERG of the CE were
greater than the decrease of the TE in the tajabsiamplitude (-205,56+£345,1 nV vs. -
33,59+225,1 nV, respectively, p=0.019). Periphtotdl and N1, P1, and N2 wave signal

amplitude decrease of the TE and CE were givérabie 3.

The mean sensitivity in MP test before and afte® Therapy did not change significantly in
TE (19,3%7,84 and 19,146,95 dB, respectively, p>0,05) and CE (1&447 and 18,86,76

dB, respectively, p>0,05).

The mean central area sensitivity in MP was highan the peripheral area sensitivity in the

TE and CE. The central and peripheral sensiti\kirﬁyrrges did not reach significance in both
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groups. When the results were evaluated in ring3fna decreasing trend in th€ 8ng was
noted compared to TE. However, changes in meamatetensitivities in the™]. 2", 3%rings

did not reach significance (p>0,08)able 4).

In the Spearman correlation analysis, a low pasitierrelation was found between the
peripheral (210) MP sensitivity and the mf-ERG P1 amplitude i@ (p=0,013; r=0,404)
(Figure 6). Although there was no correlation between themsemsitivity in MP and BCVA
and central foveal thickness (CFT), there was arlegative correlation between central area
sensitivity and BCVA (p=0,03; r=-0,343), and a lpasitive correlation between central area

sensitivity and CFT (p=0,012; r=0,438).

The CFT before and after TES did not change sicpmfily in TE (232,6453,43 and
231,8252,41 um, respectively, p>0,05) and CE (2251538 and 226,355,57 um,
respectively, p>0,05).

The analysis of MD and PSD of the 30-2 and 10-2 bétsveen TE and CE and before and

after TES showed no statistical significarftable 5).

TES therapy was tolerated well. Two patients reggbé mild foreign body and stinging
sensation, which resolved 24 hours after the pigsmn of artificial tears. It was noted that
the patients did not develop epitheliopathy. Onéepadefined mild electrical sensation
during the therapy, radiating to the incisors amtterapy side. This effect started on te 3
week of the therapy and completely disappeareaéoonth. This complication did not

appear again, so the therapy was not interruptedthier adverse events were encountered.
Discussion

The main objective in therapeutical research foridt® find new ways to function instead of

copyrighSTIGAGAETAIEd £81s OF t0.Slow, down angplosieniaced 10,16 QNRL prokable reatment
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options, TES has the potential to be prevalentgdwdue to its low-risk profile, easy use, and
non-invasivenes$® In this study, the TES’s effects on visual funoi@nd its safety profile

were evaluated in RP patients.

The mean age of our patients was 25,9+10,0 yeaeyeTwas no statistically significant
correlation with age and BCVA, mf-ERG, VF, and MRults, before and after TES(p>0,05).
In the long term study of Schatz et al., the megawaas younger (46+15 years) than their
previous study (54+12 years) about TES's effect®Brpatients® ® They speculated that in a
younger population, the therapy might be more hela¢tue to the survival of the peripheral
rods, yet their results did not support this hypsth. It might be misleading to explain the
severity of degeneration with age, even within fasiwith common genetic backgrounds.
TES studies have heterogenic populations regagingtic background. Therefore, among

factors affecting the rate of benefit from theragge might not be a supportable one.

RP is a heterogeneous group of diseases. Sevec#ioglhysiological, psychophysical and
morphologic studies were conducted to reveal thereaf the disease. However, the
variability of nature of the disease and of theéstesnstitute major problems in progression

follow-up.t®

The EPTs of patients with retinal dystrophies &@ to be higher than those of healthy
volunteers?® In this study, the mean EPT of TE(0,283+0,22 mAswomparable to previous
works?> '® As suggested before, in this study, a tenden&Pif was noted to be higher in
patients with lower visual acuify.However, no statistically significant correlatimas noted.
There was no significant correlation between ERsthe effects of TES. The stimulation
current was set to 200% of participants’ individE&T at 20 Hz as suggested to have
beneficial effects and tolerability in previousdies.” The primary aim was to use

copyridRAViguglized stimylation as previously hypothesizihe more degenerated cells would
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necessitate more stimulation while the less degéeeretina need less stimulatiort.’ It
was previously noted that stimulation strategy saadre investigation in order to find the

best approach to have a maximal therapeutic effect.

The ff-ERG is considered the gold standard in Rgmibsis-® Unfortunately, in the present
study, the f-ERG responses were undetectable dafuod after TES, so the ff-ERG results

were not included in the statistical analysis.

On the other hand, the mf-ERG gives retinal cesisitivity topographically®* As RP
progresses centripetally; a topographic evaluatiayht detect progression more sensitively.
Some studies claim that the amplitude decreasd-iBRG indicates the reduction in
photoreceptor number, and the prolongation of @téndicates the loss of photoreceptor cell
function® In the study of Schatz et al., the different rigsnf-ERG results were not
analyzed separatefyin the 150% EPT group, the change was -{8¢ange:-4,12-1,05); in
66% group, it was -1,4QV(range:-3,92-0,95), and in the placebo group i wh39uV
(range:-3,1-2,32) after six weeks(p>0,05). In thespnt study, the mf-ERG results were
analyzed and compared according to the topograpimgs. After six months, the MSA in
mf-ERG has decreased in all of the rings in CE. hdale, the amplitudes in TE have
decreased less; in fact, in some rings, the ana@#unave increased. This difference between
groups reached statistical significance in the sé¢p=0,046), the fourth (p=0,028), and the
fifth rings (p=0,046). Despite the humble numbethaf participants and the high standard
deviation, compared to CE, a stabilization trend wated in the results of TE. This trend
might be implicating the arrest of the insidiousd®f peripheral photoreceptor function,
eventually causing VF narrowing which is crucial fiee quality of life of a RP patient. When
the mean N1, P1, and N2 waves were evaluatedatiststally significant difference was

found between groups before and after TES. Theae2 degrees in mf-ERG showed no

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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significant change in any groups before and afterapy (p>0,05). While in the peripheral
area (2-10), where the progression of the disease procdsstisletected, the amplitude loss
in TE was significantly less than CE (p=0,019). fresest reliability is a necessity while
assessing the natural history or effects of therbpg study comparing the reliability of
repeated VF and mf-ERG tests in controls and Riemat the SD of the RP subjects was
found to be larger than contré&While the average variability in repeated mf-ERG
amplitudes in controls was found to be 1.5 dB, 3#%ne RP patients fell out of 99% CI.
There were no significant changes in mf-ERG afiez¢ months. It was indicated that even
the test-retest reliability might change amongeydati, mf-ERG may provide reproducible

results as VF!

The MP integrates the real-time fundus images Wftf* Studies are supporting that the MP
is more reliable than VF in repeated measuremertsreore sensitive in RP progression

detectior?> 24

After six months of TES, the mean retinal sengiidecrease in MP in the TE was 0,21+1,49
dB, and the reduction in the CE was 0,35%1,65 dier& were no statistically significant

differences between groups (p>0,05).

MP results might be interpreted topographicalke lihe analysis protocol in mf-ERG. When
the visual functions are deeply affected, the bassdsurements might be too low, and small
changes might be missed, which is called the "feftect"* #* !In a study, 75 eyes of 39
RP patients were followed up for 1-4 years andweatad with MP and BCVA, and the floor
effect is avoided by using two methdddn the first method, the test area is divided imto
regions as central (16 points) and peripheral @8tp), which were evaluated separately. In

the second method, the test area is divided inborégions as seeing and scotomatous retina.

Copyri g-Ehe @{J 65‘!@1]11 ﬁ 1§1ye‘(g%9&% @§1%1h %%J%?\t hﬁce %lﬁ!&ﬂlﬁ'ﬁ}ﬁm& maﬁl M&ad [ﬁy I}@IL £40 %l'&!M’ML d.
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reduction has reached statistical significance (@3D). The change of retinal sensitivity was

found statistically significant with both methogs<(,001).

In this study, the retinal sensitivity changes wevaluated with the topographical method.
The changes between the TE and the CE were noficagr, which might be due to the short
follow-up of our study. The peripheral third rinlgssved a decrease in CE compared to TE,
but it did not reach statistical significance, whagain might be due to the short follow-up

and limited study population.

The MP central retinal sensitivity correlated wB8VA (p=0,03; r=-0,343) and CFT
(p=0,012; r=0,438). Additionally, the MP periphe(2t10) retinal sensitivity correlated with
2-10¢ mf-ERG amplitudes (p=0,013; r=0,404). The corietabetween the MP sensitivity
and the ganglion cell layer has been shown béfoFee peripheral changes in mfERG might
be significant because the photoreceptor cellafieeted since the earlier stages of the
disease. In contrast, the changes in MP retinaieties did not reach significance in the
short term, maybe because, unlike mfERG, they arsalely influenced by the condition of

the retina but also by other elements of the vipatthway.

As in the previous studies, the CFT was found siniil both group&.* The changes in

groups were not statistically significant (p>0,05).

Several studies claimed that four to fifteen yéderge to pass to lose half of the functional VF
in RP patient$® %In the present study, there were no significaanges in 30-2 and 10-2
VF in any group (p>0,05). In the study of Schataletafter six weeks, the VF area increased
by %17 in the TES group and decreased by %6 ipldeebo group (p<0,00%)n the long-
term study, the VF area decreased in the TES drg®62 and decreased in the placebo

group by %8 (p=0,24).

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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There are more than 50 identified genes in RP patmesis®® Animal studies showed that
some mutations might benefit more from the thefdpfthere was a subgroup of patients

that benefits more, this group might have beenexiskie to lack of genetic analysis.

In this study, therapy was applied monocularly, tredfellow eye was taken as control. Even
both eyes are considered to be affected, the sffgadgression may not be simifaAlso, it

is unknown if there are any effects in the untréage due to retrograde transmission.

This study has several other limitations as a éohgtudy population and follow-up period.
This study’s advantage is that the progressiorbkags evaluated in detail with subjective and

objective tests performed by a masked practitioner.

In conclusion, the progression rate in MERG wamibto be stabilized with TES in this
fellow-eye-comparative study. Especially in theipleeral retinal areas, the disease
progression rate was statistically lower in TE.$¢oious adverse effects were noted during
TES. Further studies with larger sample sizes aockrextended follow-up periods are

needed to conclude that TES reduces the RP progmess

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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Figure Legends

Figure 1. The schematic view of mf-ERG rings and relatedlfismareas.

Figure 2. The mf-ERG results of one of the treatment eyderbeand after six months of

TES therapy.

Figure 3. The MP results of the same patient in Figure Brieeand after six months of TES

therapy.

Figure 4. The microperimetry test results. The central 1B1i80(0-2) and the remaining 24

points (2-10°).

Figure 5. The changes of the mfERG MSA of the study androbetyes in 2 (a), 4" (b), 5"

(c) rings before and after six months of treatment.

Figure 6. Spearman correlation analysis of the peripherdlQ2-MP sensitivity and the mf-

ERG P1 amplitude in 2-10° (p=0,013; r=0,404).
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Table 1. The demographic and clinical features of the patients.

Age, Year
Median (Min-Max) 28 (13-42)
MeanSD 25,92 £+ 10,25
Gender, n (%)
Female 4 (30,8)
Male 9(69,2)
Family History, n (%)
Positive 5 (38,5)
Negative 8(61,5)
Consanguineous Marriage, n (%)
Positive 5(38,5)
Negative 8 (61,5)
Inheritance Pattern, n (%)
Autosomal recessive 5 (38,5)
Sporadic 8 (61,5)

BCVA, LogMAR
Treatment Eyes

Median (Min-Max) 0,10 (0-0,5)
(Snellen Equivalent) (20/25)
MeanzSD 0,16 £ 0,15
(Snellen Equivalent) (20/29)
Control Eyes
Median (Min-Max) 0,10 (0-0,7)
(Snellen Equivalent) (20/25)
MeantSD 0,17 +£0,19
(Snellen Equivalent) (20/30)
p-value 0,655*
Refractive Error, D
Min-Max -6,00 - +2,75
MeantSD -2,33+ 2,55

BCVA = best-corrected visual acuity; D = diopters; logMAR = logarithm of the minimum angle
of resolution

Sample size, n=13

*Wilcoxon signed rank test

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.



Table 2. The mf-ERG MSA in the treatment and control eyes before and after TES therapy with the changes after six months of TES therapy.

Mean1SD

714,62+225,97

697,15+£378,81

-17,46+333,07

847,15+£393,94

678,77+282,66

-168,38+297,14

Signal Amplitude Treatment Eyes Control Eyes e:lis:
(nV) Before After Change Before After Change p

:!“‘ Median (Min, Max) 1048 (270, 2053) 1078 (227, 2629) 99 (-730, 1281) 1017(371, 1692) 814 (124, 2301) 114 (-1232, 894) 90,173
Rine Mean+SD 1066,92+502,23 1242,92+735,62 176+595,13 1055,69+475,37 965,69+704,04 -90+634,91

z."d Median (Min, Max) 804 (276, 1323) 649 (317, 1659) -20 (-433, 7169) 791 (353, 1682) 752 (267, 1361) -282 (-665, 495) %0,046*
ring Mean1SD 812,23+267,88 811,85+436,11 -0,38+295,53 956,46+431,73 771,31+370,27 -185,15+332,62

3."’ Median (Min, Max) 702 (397, 1516) 569 (335, 1496) -81(-789, 553) 697 (338, 1762) 690 (232, 1169) -155 (-771, 522) 90,133
e Mean%SD 760,38+282,22 733,85+364,27 -26,54+340,57 856,77+439,55 706,69+319,39 -150,08+355,89

zft" Median (Min, Max) 680 (429, 935) 643 (300, 1491) -89 (-260, 773) 651 (350, 1611) 788 (271, 1063) -179 (-621, 655) %0,028*
rine Mean+SD 696,15+146,43 732,85+360,67 36,69+326,4 833,15+419,85 689,77+303,13 -143,38+317,41
Rs.“‘ Median (Min, Max) 713 (322, 1185) 647 (279, 1600) -87 (-527, 669) 783 (367, 1621) 724 (310, 1186) -180 (-616, 528) %0,046*
ing

Sample size for each group, n=13
*Wilcoxon Signed Rank Test
*p<0,05
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Table 3. The MP values in the treatment and control eyes before and after six months of TES therapy:

Treatment Eyes Control Eyes A Test Value
Thresholds (dB)
Before After Change Before After | Change p
Median
Average | (Min, Max) 21 (0, 27) 20 (0, 25) 0,45 (-3, 2) 19 (0, 28) 20 (0, 25) 0(-3, 4) 90,859
Mean1SD 19,35+7,84 19,13+6,95 0,21+1,49 18,41+7,47 18,316,76 0,35%1,65
Median
1 Ring (Min, Max) 25 (17, 28) 25 (18, 27) 0,52 (-4, 3) 22 (20, 29) 24 (19, 27) 0,4 (-1, 4) 90,575
Mean1SD 24,79+13,15 24,65%2,77 0,42+2,08 23,75%2,77 23,64+2,20 0,71+1,66
Median
- 0,25(-3,2
Jnd Ring | (Min, Max) 24 (19,26) 23 (18, 26) 0,41 (-2, 2) 23 (19, 27) 19 (19, 26) ,25 (-3, 2) 90,933
Mean1SD 23,51£2,95 22,85%2,56 0,22+1,28 22,18+2,84 21,42+2,67 0,15%1,68
Median
31 Ring (Min, Max) 19 (1, 25) 20 (1, 23) 0,25 (-2, 4) 18 (1, 26) 17 (0, 27) 0,16 (-3, 1) 90,092
Mean1SD 15,47+9,53 15,69+9,29 0,22+1,48 15,06+9,47 14,75+9,53 -0,31+1,35

Sample size for each group, n=13

*Wilcoxon Signed Rank Test
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Table 4. The changes of peripheral mf-ERG signal amplitudeéke treatment and control
eyes after six months of TES therapy.

Peripheral Signal The Change Before and After TES Therapy A Test Value
Amplitude (nV) Treatment Eyes Control Eyes p
Median
N1Wave | (Min,Max) | 620 (-174,366) -37,50 (-559,222) 2p=0,331
Mean+SD 2,28+116,4 -61,84+164,4
M'\:'r?dl'\jgx -38,00 (-282, 190] -92,50 (-677, 340)
PLwave Min, ) %p=0,102
MeanzSD -33,78+101,1 -109,60+178,9
Median
. -13,35(-461, 492 -45,50 (-581, 391
N2 Wave | (Min, Max) ( ) ( ®p=0,089
Mean+SD -2,18+170,8 -52,12+204,5
Median
To|t'al | in, g 115,60 (-461, 492] -61,50 (-677, 391) SN
Amplitude [y oaneSD | -3359+225,1 |  -205,56+345,1

~ Sample size for each group, n=13
4Wilcoxon Signed Rank Test

*p<0,05
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Table 5. The results and changes in the VF test values before and after TES therapy.

Treatment Eyes Control Eyes A Test Value
Before After Change Before After Change P
30-2 VF (,c,’,f:‘j\'/‘":x) 21,41 (-32, -2) 21,01 (-32, -14) -0,02 (-5, 2) -22,40 (-31, -14) -23,30 (-32, -13) 0,12 (-2, 2) %0 343
MD (dB) Mean+SD -20,4019,04 -22,4845,83 -0,10+1,98 -22,0546,25 -22,6215,62 0,32+1,24
Median
30;;;” (Min,Max) 10,41 (5, 15) 10,94 (4, 15) 0,26 (-1, 1) 9,33 (5, 15) 10,91 (5, 15) 0,09(-1, 2) 90,553
Mean+SD 10,22+3,60 10,68+3,87 0,40+0,75 9,39+3,62 10,48+3,91 0,25+1,01
10-2 VF (,c,/;:‘:\';;:x) -8,40 (-28, -2) -7,01 (-29, -2) 0,07 (-2, 2) -8,10 (-27,-2) -8,52 (-28, -2) -0,26 (-3, 2) %0110
MD (dB) Mean+SD -10,4819,56 -10,4919,48 -0,01+1,34 -10,7618,41 -11,3448,61 -0,59+1,51
Median
10-2 VF (Min,Max) 3,52 (1,-11) 3,62 (1,11) -0,04(-1,1) 3,27 (1,11) 3,14 (1, 10) -0,15 (-1, 2) e
PSD Mean+SD 4,233,48 4,3413,22 0,11+0,59 4,2913,47 4,2913,25 0,01+0,91

Sample size for each group, n=13
*Wilcoxon Signed Rank Test
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Central (0°-2°) Signal Amplitude

Peripheral (2°-20°) Signal Amplitude
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Retinal sensitivity of the
points in the central 2°

Retinal sensitivity of the
points in 10°
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