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ABSTRACT

Purpose: To investigate whether the natural
progression rate of retinitis pigmentosa can be
decreased by subtenon autologous platelet-rich
plasma application alone or combination with
retinal electromagnetic stimulation.

Methods: The study includes retrospective
analysis of 60 patients with retinitis pigmen-
tosa. Patients constitute three groups with sim-
ilar demographic characteristics: the combined
management group (group 1) consists of 20
patients with retinitis pigmentosa (40 eyes) who
received combined retinal electromagnetic
stimulation and subtenon platelet-rich plasma;
the subtenon platelet-rich plasma-only group
(group 2) consisted of 20 patients with retinitis
pigmentosa (40 eyes); the natural course (con-
trol) group (group 3) consists of 20 patients with
retinitis pigmentosa (40 eyes) who did not
receive any treatment. Horizontal and vertical
ellipsoid zone width, fundus perimetry
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deviation index, and best corrected visual acuity
changes were compared within and between
groups after a 1-year follow-up period.

Results: Detected horizontal ellipsoid zone
percentage changes were + 1% in group 1,
— 2.85% in group 2, and — 9.36% in group 3
(Ap 1 > 2 > 3). Detected vertical ellipsoid zone
percentage changes were + 0.34% in group 1,
— 3.05% in group 2, and — 9.09% in group 3
(Ap 1>2>3). Detected fundus perimetry
deviation index percentage changes were
+ 0.05% in group 1, — 2.68% in group 2, and
— 8.78% in group 3 (Ap 1 > 2 > 3).
Conclusion: Platelet-rich plasma is a good
source of growth factors, but its half-life is 4—
6 months. Subtenon autologous platelet-rich
plasma might more effectively slow down pho-
toreceptor loss when repeated as booster injec-
tions and combined with retinal
electromagnetic stimulation.

Trial Registration: ClinicalTrials.gov identifier,
NCT04252534.
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Key Summary Points

Why carry out this study?

To investigate whether the natural
progression rate of retinitis pigmentosa
can be decreased by subtenon autologous
platelet-rich plasma application alone or
combination with retinal electromagnetic
stimulation.

The retina pigment epithelium is the
unit center where the synthesized peptide
growth factors (GFs) regulate
photochemical reactions.

The growth factors, peptides, and
fragments required for these functions are
encoded by over 260 genes in retinal
pigment epithelium (RPE). Mutations in
any of these genes leads to progressive
vision loss and progressive degeneration
of the sensorial unit.

This research attempts to answer the
following question: is it possible for the
growth factors applied into the subtenon
region to reach the suprachoroidal area
through the scleral pores and stop
apoptosis or reactivate the photoreceptors
in dormant phase?

The hypothesis is based on the fact that
repetitive electromagnetic stimulation
(rEMS) increases the affinity and synthesis
of Trk growth factor receptors on neural
tissues. rEMS also provides an
electromagnetic iontophoresis effect by
changing the electrical charges of the
scleral pores and the peptides.

What was learned from the study?

The results of the study confirmed our
hypothesis without any adverse effect.

The ellipsoid zone width and visual field
remain statistically significantly
stable with combined treatment of
electromagnetic stimulation and platelet-
rich plasma when compared with control
group at 1-year follow-up.

INTRODUCTION

Retinitis pigmentosa (RP) is a progressive outer
retinal degeneration resulting from any of the
260 genetic mutations found in the photore-
ceptor (PR) or retinal pigment epithelium (RPE)
[1]. The progression rate and findings of the
disease are heterogeneous according to genetic
mutation and heredity type. The initial symp-
tom of the disease is usually night blindness
(nyctalopia) beginning in childhood or adoles-
cence. Narrowing of the visual field and legal
blindness develops as the disease progresses
[2-4]. If low grade inflammation is added, then
the disease is complicated by cataracts, an
epiretinal membrane, and macular edema [35].
In the fundus examination, the appearance of
midperipheral bone spicule pigmentation is
usually sufficient for diagnosis [1]. Develop-
ments in spectral domain optical coherence
tomography (SD-OCT) enable detailed imaging
of the sensorial retina and the ellipsoid zone.
Ellipsoid zone (EZ) is an OCT image of the inner
and outer segments of photoreceptor cells. Loss
of EZ is the gold standard in the diagnosis and
follow-up of RP [6, 7]. Visual field (VF) moni-
toring and electroretinography (ERG) are indi-
rect signs of EZ loss and correlated with EZ
width (EZW) [6]. Mutations in PR or RPE disrupt
the synthesis of some vital peptides and growth
factors for photoreceptors [1].

Autologous platelet-rich plasma (aPRP) is a
good source of growth factors. Platelets have
more than 30 growth factors and cytokines in a-
granules. These peptides regulate the energy
cycle at the cellular level. They also control
local capillary blood flow, neurogenesis, and
cellular metabolism [8, 9]. Subtenon aPRP
application in the management of patients with
RP has been shown to be clinically effective
[10].

Repetitive  electromagnetic  stimulation
(rEMS) increases binding affinity and the syn-
thesis of growth factor receptors on neural tis-
sues [11-14]. It provides electromagnetic
iontophoresis by changing the electrical charges
of scleral pores and tyrosine kinase receptors
(Trk) [15-17]. tEMS forms hyperpolariza-
tion—-depolarization waves in neurons, thereby
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increasing neurotransmission and capillary
blood flow [18]. Trk receptors are commonly
found around limbus, extraocular muscle
insertions, and the optic nerve [19]. Molecules
smaller than 75 kDa can passively move from
the sclera to the suprachoroidal space. Electrical
or electromagnetic iontophoresis is required for
molecules larger than 75kDa such as brain-
derived neurotrophic factor (BDNF) and insulin-
like growth factor (IGF) to pass through the
sclera into the subretinal space [15-17]. The
clinical efficacy of rEMS alone or in combina-
tion with subtenon aPRP has also been shown
[11].

The aim of this study is to investigate whe-
ther the natural progression rate of RP can be
decreased by subtenon aPRP application alone
or combination with rEMS. Ethics committee
approval for the transcranial electromagnetic
stimulation study was obtained from the
Ankara University Faculty of Medicine Clinical
Research Ethics Committee (17-1177-18). This
committee had already approved the GFs work
(19-1293-18). The study was performed in
accordance with the tenets of the 2013 Decla-
ration of Helsinki. Written informed consent
was obtained from the patients prior to
enrollment.

METHODS

The study includes retrospective analysis of 60
patients with RP who were followed up at
Ankara University Faculty of Medicine between
2017 and 2019. The best corrected visual acuity
(BCVA) was recorded as letters on the Early
Treatment Diabetic Retinopathy Study (ETDRS)
chart (Topcon CC 100 XP, Japan). The ellipsoid
zone width (EZW) shows healthy photorecep-
tors and was measured horizontally and verti-
cally on cross-sectional structural SD-OCT
(RTVue XR “Avanti”, Optovue, Fremont, CA,
USA). A manual segmentation program was
used for the measurement of EZW. Fundus
perimetry deviation index (FPDI) records were
examined in the 24/2 visual field of computer-
ized perimetry records (Compass, CenterVue,
Padova, Italy). The FPDI offers data explaining
how many of the 100 flashing points can be

seen correctly by the patient and what per-
centage of the visual field can be seen.

Patients with RP were included in this study
if they satisfied all of the following criteria:
BCVA from 50 to 110 ETDRS letters, any phe-
notypic variation of RP, 18 years of age or older.
Patients with RP were excluded from the study
if they satisfied any of the following criteria: the
presence of dense cataracts or the habit of
smoking. The retrospective study was designed
as comparative and open label. The 60 patients
with RP constitute three groups with similar
demographic characteristics:

Group1l The combined management group
consists of 20 patients with RP (40
eyes) who received combined rEMS
and aPRP. The rEMS was applied with
a custom-designed helmet for 30 min
just before the subtenon aPRP
injection. These combined
applications were repeated three
times a month with a 2-week
interval (loading dose). Then, two
additional booster doses were applied
with 6-month intervals. The course
of the disease was evaluated by
comparing the BCVA, EZW, and
FPDI parameters recorded before the
first application and within 3 months
after the last application.

The aPRP-only group consisted of 20
patients with RP (40 eyes) who
received only subtenon aPRP
injections. The aPRP applications
were repeated three times a month
with a 2-week interval (loading dose).
Then, two additional booster doses
were applied with 6-month intervals.
The course of the disease was
evaluated by comparing the BCVA,
EZW, and FPDI parameters recorded
before the first application and
within 3 months after the last
application.

The natural course (control) group
consists of 20 patients with RP (40
eyes) who did not receive any
treatment and were followed. The
natural course of the disease was

Group 2

Group 3
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evaluated by comparing the BCVA,
EZW, and FPDI parameters recorded
at the beginning and at the end of
the first year.

Preparation of Autologous PRP and Its
Application

A 20-ml aliquot of blood was taken from the
antecubital veins of the patients. It was trans-
ferred sterile to two 10-ml citrated PRP tubes (T-
LAB PRP Kit, T-Biyoteknoloji, Bursa, Turkey).
The plasma was separated in a refrigerated
centrifuge (1200 NF Niive, Niive Technology
Laboratory, Ankara, Turkey) at + 4.0°C for
8 min at 2500 rpm centrifugation. The bottom
1/3 of the upper plasma was drawn into a 2.5-ml
sterile syringe as a section rich in growth fac-
tors. The 1.5 ml PRP solution was then injected
into the subtenon space under topical anesthe-
sia. The injections were made under sterile
conditions at the upper-temporal quadrant with
a 26-G needle tip.

Retinal Repetitive Electromagnetic
Stimulation (rEMS)

The rEMS helmet (Magnovision™, Bioretina
Biotechnology, Ankara, Turkey) stimulated the
retina and visual pathways with an electro-
magnetic field strength of 2000 milligauss, fre-
quency of 42 Hz, and duration 30 min. The field
was applied just before the PRP application.
These values were previously determined to be
effective for other clinical and preclinical
studies.

The primary outcome measurements are the
horizontal and vertical ellipsoid zone widths
that directly show the structural changes in the
photoreceptors. The secondary outcome mea-
sure is a change in micrometry FPDI values.

Statistical Analysis of Data

Descriptive statistics are presented with fre-
quency, percentage, mean, and standard devia-
tion values. A paired t test was used to examine
whether the pre- and post-measurement values

are different within groups. A Sidak binary
comparison test examined the measurement
difference between groups. An analysis of vari-
ance (ANOVA) test was performed to examine
whether the groups are different by age. Here,
p values less than 0.05 were considered statisti-
cally significant (« = 0.05). Analyses were made
with SPSS 22.0 package program. The effect of
interventional procedures on the natural course
of retinitis pigmentosa was evaluated by com-
paring quantitative data from groups 1, 2, and
3.

RESULTS

The mean age was 33.0 (22-51 years) in group 1,
32.6 (20-56 years) in group 2, and 31.7 (20—
57 years) in group 3. The mean follow-up time
between the first measurements and the last
measurements in all three groups was
13 months (12-15 months). There were no sta-
tistical differences between the groups in terms
of age and follow-up times (p = 0.81).

Mean Horizontal Ellipsoid Zone Width (m-
HEZW)

The m-HEZW in group 1 was 3.46 mm before
combined management and 3.50 mm after the
procedures. During the mean 13-month follow-
up, this positive change was 1.0% on average
(p=0.10). In group2, the m-HEZW was
3.32 mm at the first measurement and 3.26 mm
after the PRP injections. During the mean
13-month follow-up, the change was found to
be — 2.9% on average (p = 0.01). In group 3, the
m-HEZW was 3.32 mm at the initial examina-
tion and 3.03 mm at the last examination. Over
the 13-month follow-up, this negative change
was found to be — 9.4% on average (p = 0.01)
(Tables 1, 2, 3, 4; Figs. 1, 2, 3).

Mean Vertical Ellipsoid Zone Width (m-
VEZW)

The m-VEZW was 3.32 mm in group 1 before
the combined application and 3.33 mm after
the procedures. During the mean 13-month

I\ Adis



Adv Ther

SL SL 0 0¢ 0¢ 70 — LET 8¢C 0 0%'¢C 0%'¢C T
SL SL T — 0¢ (43 70 — LET 8¢C T — 0%¢ & k| W I¢ IT
08 08 I — 14 9¢ €1 — |54 44 T — 86T 6$C T
08 08 0 LT LT 0 0LC 0LC 70 — 09C 197¢C ki d 8¢ 01
S8 <8 I = 6¢ 0% 9C — 197C 69T 't — £€9¢ 99C T
S8 <8 < — 6¢ |54 't — 12¢ LT 07C — 1.2¢ 9LC h: | d ¥ 6
SL SL I — 9¢ LE 60 — (44 ¥17¢ ¢0 — 91C LT1C T
08 68 - 9¢ 8¢ 60 — S1°C LTC S0 — 0ce 1T¢ ki W LT 8
Or1T 01T ¥+ 0L 929 I'T + 1L €rL ¥T + 0TL 0L T
01T o1t T+ L9 S9 €0 + L or2 I'C + Irs 102 ki d 8¢ L
01T o1t I = 6% 0¢ 70 — 89% 0L% 0 — 06% 16% T
01T o1t 0 6% 6% 0 — 0L% ILY 0 L8Y L8Y ki d 9¢ 9
00T 00T I — 157 44 ST — (433 88'¢ ST — 06'¢ 96'¢ T
01T o1t < - 9% 8y 80 — 68°¢ (433 €0 — 00% 10% kil W (43 <
00T 00T I+ 6¢ 8¢ ST+ 8T SLT €0 + $9¢ $o¢ T
00T 00T I+ LT 9¢ 'L+ 0LC 4y 0 12749 e ki W 8¢ 4
00T 00T 9+ 137 L 09 + 0¢C LTC T0¢ + ¢ (44 T
00T 00T ¢+ (4 6¢ 78 + 90C 06'1 o1 + 8¢ 85T ki d 154 €
01T o1t ¢+ 09 LS 99 + LT LST Ty + 71y L6'C T
01T 01T ¢+ 09 LS L0+ 69 L9 70 + 069 L89 k| W LE <
OrT 01T T+ 154 1374 ST+ I¥e 9¢’e re + 4574 | ¥4 % T
01T 01t L+ 43 154 8% + 78y a9y 9L+ €8¢ 9s¢ kil A 6¢ I
DYy  210j)9d  DUWIRPIJ YV  2I0J]og  DUIMIPI(QY YV  210j]9g  DUIMPIQY WYYy L2aopg T T T
VAD4 Iddd PPY [enSIA MZA JeBIA M7Zd erwozoy oA xog a8y -ou juoneq

(SINTT + gde Y juowadeurwr) 1 dnoid jo sroouwrered dn-mofjoy pue sonsuaioereyd srydeidownq 1 9[qe],

I\ Adis



Adv Ther

Aymoe [ensia paIda1Iod 189q NG
‘(%) xopur voneaap Anowrrad snpuny (777 ‘(ww) yipm suoz prosdip 477 ‘vonemuwns dnoudewonddd 2annador gy« ewseld you-19p3e[d snodojoine Jygv

<9 S9 I - 6¢ 0¢ LT — 6LT (4! LT — 121 YLT T
<9 9 I - 6¢ 0¢ LT — LT LLT 61 — €S'T 9¢'T ki d 154 0¢
S S I - Ic [43 I'T — S8'1 L8'T 't — 88’1 06'T T
68 68 <— 14 9¢ 01 — 96’1 861 €T — €ee 9¢C A d (44 61
9 S9 I - 1c (4 8T — or'T [4! 07C — 660 10°T T
0¢ 0S 0 0¢ 0¢ 07 — 00T 0T 0 $6°0 $6°0 i d Ly 81
08 08 [ [43 4 91 — 781 L8'T ST — Y61 66’1 T
S8 S8 <— L 6¢ 80 — e 9 't — 09¢ €9C k! W 0¢ L1
0TI (U8 [ %9 99 S0 — 86'¢ 00% ¥0 — 9Ly 8L% T
OrIT OTT I - L9 89 S0 — 96'¢ 86¢ ¥0 — 96y 86% A d IS 91
0TI OTT < 0L L §0 — 9L'S 6L'S L0 — €L's LLS 1
0TI 01T - YL 9L €0 — 68'S 16'S 't — 8L'S 78S A W 6% ST
0L 0L | 9¢ LT L0 — LET 8¢'T 90 — 91 991 T
0L 0L 0 S¢ S¢ 0 6%'1 6%'1 0 91 Y91 ki d €C 4!
001 (U1 I - IL L 0 — 8%'9 6%'9 0 9¢9 959 T
001 (U8 - YL 9L €0 — 899 049 €0 — 699 129 ki d 0¢ €1
0L 0L (2 133 153 L1 — 8T'L 0T §T — Ir'1 611 T
0 0 (4 9¢ 8¢ I's — 6C'1 9¢'1 e — 0T 4! k| W 9¢ 4!
DYy 2I0jog  DUIRPLJ PYY 210  DUIPIJY Yy  dI0jog  DUIPIQY IPYY  dI0jog
VADL 1Add PIPY JensIA M7ZH [eINIdA M7ZT [eauozioy 24 xog a8y  ‘ou judneg

penunuod | Jqe],

I\ Adis



Adv Ther

<6 <6 v — 96 09 S —  68%€ Iy €€ — e 06 1
<6 <6 € — (s <S £ 2 5l S o € - 19°€ €£€ 4 4 6T 11
68 68 ¢ — 8¢ 182 I's— 657 €L7 s — 187 96T 1
68 68 ¢ — 8¢ 1y 6% — 0LT  ¥8T 0%y — 09T T 4 W 82 0T
08 <8 < — S% 0S 8 — e €9°¢ €6 — e o9re 1
68 68 ¢ — 0S €S L9—  9%¢ 1€ 6y — oLe e8¢ 4 W € 6
<L 08 y — < 65 €S — 6T 80T €y — /8T  00¢ T
<L 08 9 — 128 09 19—  ¥81 96'T LY—  ¥9T LT 4 4 0C 8
<9 9 < — 8T €€ s — /81 L6T 65— 68T 107 1
<9 <9 v — 8T € LY — €8T 61 ¢S — 68T 86T ¥ 4 0 L
0L <L ¢ — 0€ <€ 8T — 0I'T 91T ¢9— €T syT 1
0L 9 9 — 9¢ w 08 — 8IT  L£T r's — €T T 4 W 0% 9
00T 00T ¢ — 09 €9 80 — ST 65T Iy —  L6€ ¥y T
00T 00T y — 09 $9 61— 85T €97 0% — 19¢ 9 4 4 92 S
00T 00T ¢ — % 134 o —  1L€ €L¢ 9T — ¥y w6y 1
00T 00T S — 0% S 69— 95¢ T8¢ rs— vy 8y 4 4 8¢ ¥
01T 01T I+ LL 9L Y1+ 60L 169 €0+  L6L  S6L 1
01T 01T 7+ LL <L yT+ 9L L 89+ 08 L N d L €
orT 01T 1+ w° 1L 0T+ 0TL  €IL T+ 1L €L 1
01T 01T 0 9 %9 ¥+ 9 9 LT+ 9 99 M4 W L (4
08 08 v+ 8T e €1+ €T 62T 0TI + 18T €T 1
08 08 4+ 8T 9T TS+ 17T 01T LT+ %67 68T ¥4 W 6 I
DYy dI0jpg  DUARPLJ YV  2I0jog  DUMGIQY TPV  2I0jog  DUIRPIQY Yy  dI10jog
VAL IAdd PPY [ensIA MZA [eOBIdA MZH [ewozoly &g xog a8y -ou judmeq

(g de Auo yamm juwswaFeurw) 7 dnoid jo swvowrered dn-mofjoy pue sonsuodereyd osryderSowa(q g dqe],

I\ Adis



Adv Ther

£ymoe [ensia paidalIod 183q L 0g ‘(%)
xopur uonersdp Anowiad snpuny 7.7 ‘(wur) yapm duoz prosdip 477 ‘vonenums >noudewonddpd aannadar gypyg+4 ewseld yorr-19pe[d snoojoane Jygv

08 08 0 LT L 0 $9°C %9C 0 69C 69T T
08 08 0 8¢ 8¢ 0 9LT 9LC 0 0L 0L¢ kil d 6¢ 0¢
6 6 € - €S 9¢ 9¢ — 0%¢C 6%'C e — 86'1 S0 T
S8 S8 i/ 44 8y Le — 181 881 £y — 08’1 88’1 d W 8¢ 61
YL YL € - (4 LT LYy — o1 0L'T e — 6yl 149! T
08 08 S — 1[4 0¢ TS — 1 €Sl s — 891 LLT A d (43 81
SL SL € - 8¢ Ic Le — (4] 681 0¢ — 161 L6'T T
68 68 ¢ - [43 Se 0¢C — 961 007 6¢ — ¥t €ee ki d €C L1
0L 0L Y- [43 9¢ s — €l 0¢'T 9 — 1 6C1 T
0L 0L Y- he 8¢ 8¢ — 0¢'T 8¢'T 09 — 9C1 ! i W Ic 91
0TI 01T € - 99 69 8¢C — 8¢y ILY v — 98y 86% 1
0TI OIT € - L9 0L ¥ — 98% 86% ¥ — 96y 80°S k| d 9s ST
S SL 0 133 139 ¥0 — Lyt 8y¢C ¥0 — 6T 0$C T
S SL 0 4 43 ¥0 — Lyt 8¥'C 80 — 1$C 1394 A W (43 4!
0TI OTT € - 4/ Ly 8y — 96T Ire s — Ly 19C T
001 00T S — 6¢ 44 6% — LT 98¢ 6S — 60C (4aé kil d 0S €l
S8 S8 ¥ - 9¢ 0y Ls — 0sC $9C LYy — €9C 9LT 1
S8 S8 ¥ = 9¢ (Vig 8¢S — 19C LLT TS — 1LC 98¢ h: d ¥ (4!
DYy  oJ0jog  DUIRPIQ Yy 2I0jpg DUWIMPIQY Yy  dIojpg DUWIMPIQY PYY  dIo)g
VADY 1Add PPY [e0SIA MZH [PPRPA MZH [Buozoy  2Ag  xog 28y ou juaneq

peonunuod g dqel,

I\ Adis



YL 08 (4 Ly 65 SeC 09¢ 0sC 0LC T
YL YL IT — 6¢ SS (44 0%'¢C 01C 0%C b 9¢
OTT 01T 6 — |54 0s 8y s (A8 69°S g
0TI OrT 1 - 0% IS 1454 10°S 9IS SL'S A (4
0S <9 S ¥ 6 0r'1 Y1 860 (48! T
S9 <9 8 6 L1 [ o'l 01 9¢'T d LS
6 6 8 8y 9s 0Tt 6¢C L6T SI'C T
S8 S8 6 6¢ 8y 09'1 8LT o1 08’1 i LT
YL YL 8 61 LT IS'T €91 11 el !
08 08 8 C 0¢ 1T el Wl LS'T k| I¢
0TI OrT 8 154 €5 e |S74 06C we T
00T OTT 6 9% 19 e 0S¢ 8L¢C Ire b 9%
0 0L L 14 [43 6¢'1 SS'T 0S'T 09'1 1
0L 0L 8 8¢ 9¢ (75} (4! 891 6T b | 0¢
001 00T €L %8 6T¢ 89°¢ €Ce 6L¢ T
S6 S6 €9 L 04T L8'T o1 €Le A 6¢
001 00T 08 88 00°2 86'L 08°L ¥T8 g
001 00T 8L S8 ST'S 89°G 102 YL A [43
S6 S6 0% 6% €9 10°¢ 6v'C 1LC T
S6 00T ye 9% 0sC 9LC 8L1 (44 A 0¢
OTT OrT ¥9 €L 60'L L6L S6'L 0¢'8 T
001 OrT L9 8L LTL LLL LLL 0¢'8 A 8y
DYy  a10)g DYy  dJojog  DUIRNGI(Y Yy  dI0jog  DUIPIY IYY  dIojg
VAO4 I1ddd PPRY [*1SIA MZH TRBA MZH [PIUOZHIOH By

Adv Ther

(9smoo ernieu) ¢ dnoid jo srvowered dn-mofjoy pue sonsuadereyd drydeidownq € dfqe],

I\ Adis




Adv Ther

£ymoe [ensia pa1da1Iod 159q NG
‘(%) xopur uoneiaap £nowniad snpuny r7 7, (Ww) yapim suoz prosdid 477 ‘Uonenwns dnougewonda aannadar g4 ewserd you-1apprerd snoSojoine Jygv

YL YL (4 S 134 SS €el — 861 9T¢ 801 — 06'T €1 T
YL YL T — 154 9¢ o1 — 6’1 44 0TI — 06'T 91C d d 8¢ 0¢
001 00T IT - Ly 8¢S 80T — L6C e STI1 — 10°¢ 0¥'¢ T
001 00T or — Ly LS 671 — 8LC 6T¢ 801 — 90°¢ e A W 133 61
S8 <8 L— IS 8¢ €9 — 00°¢ 0T¢ 6 — 06'T 01°¢ T
08 08 6 — |54 0¢ 6L — SLT 06'T 88 — ST 0L'T A d 0¢ 81
0L 0L L— €¢ (U4 §9 — 11 €81 811 — L60 0T'1 T
YL YL 8 — Le 154 <L — €61 80C I'6 — 0S'T o1 A d 14 L1
S6 00T or — 0¥ 0¢ 98 — 0¢e 19°¢ T6 — L6C LT¢ T
001 00T 8 — 44 (43 L0T — 43 yLe 701 — 60'¢ 1543 A W 1 X4 91
S6 S6 ¥ - L9 L e — 0S¢ 0L¢ 6% — 09% 8% T
S6 S6 9 — <9 12 9 — 0y 09% ¢S — 0¥'¢ 09¢ A d 0¢ !
00T 00T o1 — IS 19 ¢el — 6S°¢ 4874 011 — LS°C 10% T
S6 S6 8 — 8y 9¢ I'6 — 00°¢ 0¢e 98 — 6¢'c L€ pi| W 6¢ il
68 68 9 — €9 69 T — 89°¢ 9IL'e €L — 6L¢ 60% T
68 68 I — 9¢ 89 801 — L0¢ e €0T — L9¢ 60% A d LT €1
08 <8 6 — 1374 (43 ¢or — 0L1 06’1 00T — 08’1 00C T
08 08 9 — 1374 6% ¢S — 0L1 08’1 TS — 08’1 06'T h| d 0¢ 4\
DYy 2I0)9g  DUIPLJ PPV  dI0)Pg  DUIMPI(QY PPV  dI0Pg  DUIMPIQY PPV  dI0pg
VADL 1AdA PIPY [enstA MZT [eIBIA M7ZI [BUozo  24g xa¢ a8y  -ou judneg

penunuod ¢ Jqe],

I\ Adis



Adv Ther

Table 4 Comparison of assessment parameters before the treatments and at the end of the 1-year follow-up period between
three groups

Group 1 (» = 40) Group 2 (n = 40) Group 3 (n = 40) P Difference**
XxSD XxSD XxSD

Horizontal EZW %difference

1+24 — 285+ 238 — 936+ 238 0.01* 1>2>3
Vertical EZW %difference

034 + 2.8 —3.05+27 —9.09 + 26 0.01* 1>2>3
Visual field FPDI difference

0.05 £ 25 —268+23 — 878 £ 2.0 0.01* 1>2>3

aPRP autologous platelet-rich plasma, 7EMS repetitive electromagnetic stimulation, EZIV ellipsoid zone width (mm), FPDI
fundus perimetry deviation index (%), BCVA best corrected visual acuity
**Sidak binary comparison test

Right / OD

pEE

Fig. 1 Horizontal EZWs of a patient with retinitis pigmentosa receiving aPRP + rEMS (Table 1, patient no. 1). a Before
treatment, 3.56 mm. b The 13th month of follow-up post-treatment, 3.83 mm

I\ Adis



Adv Ther

Left / OS

250um

250pm

Fig. 2 Horizontal EZWs of a patient with retinitis pigmentosa receiving aPRP + rEMS (Table 1, patient no. 2). a Before
treatment, 3.97 mm. b The 13th month of follow-up post-treatment, 4.14 mm

follow-up, the change was 0.3% on average
(p=0.19). In group?2, the m-VEZW was
3.09 mm at the first measurement and 3.02 mm
after PRP injections. The change was — 3.1% on
average during the mean 13-month follow-up
(p=0.01). In group3, the m-VEZW was
3.27mm at the initial examination and
2.97 mm at the last examination. The change
was found to be — 9.1% on average during the
mean 13-month follow-up (p = 0.01) (Tables 1,
2, 3, 4; Figs. 4, 5).

Mean Fundus Perimetry Deviation Index
(m-FPDI)

This value was 43.45% in group 1 before PRP
combined with rEMS and 43.50% after the

procedures. The mean change was 0.05% on
average during the 13-month follow-up
(p = 0.90). In group 2, the m-FPDI was 46.13%
at the first measurement and 43.45% after PRP
injections. The change was — 2.68% on average
during the mean 13-month follow-up
(p = 0.01). In group 3, the m-FPDI was 54.30%
at the initial examination and 45.38% at the
last examination. The change was — 8.78% on
average during the mean 13-month follow-up
(p =0.01) (Tables 1, 2, 3, 4; Figs. 6, 7, 8, 9, 10).

Mean Best Corrected Visual Acuity (m-
BCVA)

Group 1 could identify 91.6 letters before PRP
combined with rEMS applications and 92.3
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Fig. 3 Horizontal EZW's of a patient with retinitis pigmentosa receiving only aPRP (Table 2, patient no. 1). a Before
treatment, 2.23 mm. b The 13th month of follow-up post-treatment, 2.51 mm

letters after the procedure. During the mean
13-month follow-up, the change was found to
be an average of 0.7 letters (p = 0.08). Group 2
had an m-BCVA of 88.2 letters at baseline and
87.6 letters after PRP injections. The change was
— 0.6 letters on average (p = 0.07) during the
mean 13-month follow-up. Group 3 had an
m-BCVA score of 89.8 letters at the initial
examination and 88.4 letters at the end. The
change was found to be an average of — 1.4
letters during the mean 13-month follow-up
(p = 0.02).

When groups 1, 2, and 3 were compared by
the Sidak test according to the HEZW, VEZW,
and FPDI changes, the combined application of
rEMS and subtenon aPRP significantly increases
the three assessment parameters (Table 4).

DISCUSSION

There are currently over 260 different genetic
mutations known to cause retinitis pigmentosa.
Genetic inheritance can be autosomal domi-
nant (AD), autosomal recessive (AR), X-linked,
mitochondrial, mosaicism, or sporadic patterns
[1]. Thus, the prognosis is usually quite hetero-
geneous. Acquired factors such as nutrition,
smoking, anemia, pregnancy, as well as long-
term exposure to ultraviolet and blue light also
affect the course of the disease [2-4]. Autosomal
dominant inheritance shows the slowest pro-
gression with an average annual loss of 5%
photoreceptors [20, 21]. X-linked inheritance
shows the fastest progression with an average
annual loss of 15% of photoreceptors [21, 22].
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250um

Fig. 4 Vertical EZWs of a patient with retinitis pigmentosa receiving only aPRP (Table 2, patient no. 1). a Before
treatment, 6.32 mm. b The 13th month of follow-up post-treatment, 6.47 mm

Knowledge about which genetic mutation
affects the progression is increasing owing to
widespread genetic testing. The annual pro-
gression rate of retinitis pigmentosa was repor-
ted to be 5% in RHO gene mutation that was
inherited as AD, and 15% in RPGR gene muta-
tion inherited as X-linked [20-22]. The pho-
toreceptors have cilia tubule functions that
provide the transport of opsin and rhodopsin
and can be impaired by X-linked mutations—
they can be distinguished by the presence of
widespread lipofuscin deposits in the fundus
examination. The ciliopathy gene mutations
have threefold faster progression than non-cil-
iopathy mutations [23]. Retinitis pigmentosa
progresses with an average of 10% annual
photoreceptor loss when AD, AR, X-linked, and

mitochondrial inheritance patterns are collec-
tively evaluated [6, 24, 25]. In our study, the
annual photoreceptor loss rate was found to be
9.3% on average in the RP group without
interventional procedures (group 3, natural
course) similar to the literature.

The visual function begins with the photo-
chemical conversion of light energy, which
comes from the objects and focuses on the
retina with conversion to electrical signals.
Photochemical conversion occurs in the senso-
rial unit and microenvironment consisting of a
choriocapillaris-retina pigment epithe-
lium-photoreceptor trio. The retina pigment
epithelium is the unit center where the syn-
thesized peptide growth factors (GFs) regulate
photochemical reactions. These include the
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Fig. 5 Vertical EZWs of a patient with retinitis pigmentosa, natural course (Table 3, patient no. 1). a Before treatment,
7.97 mm. b The 13th month of follow-up post-treatment, 7.09 mm

oxidative phosphorylation and energy cycle of
glucose in the blood; transport of vitamin A,
minerals, anions, cations, and necessary coen-
zymes; the synthesis of opsin-rhodopsin and
necessary peptides in the visual cycle; and the
removal of metabolic waste that occurs in RPE
[26-29].

The growth factors, peptides, and fragments
required for these functions are encoded by over
260 genes in RPE. Mutations in any of these
genes leads to progressive vision loss and pro-
gressive degeneration of the sensorial unit [1].
In particular, mutations that affect the conver-
sion of glucose to adenosine triphosphate (ATP)
lead to a condition in photoreceptor cells called
sleep mode or dormant phase [30, 31]. Cells in
this state have more solid plasma—they are live

but metabolically inactive [32]. The photore-
ceptors in the dormant phase can be metaboli-
cally reactive if neurotrophins and GFs can be
delivered the microenvironment of the senso-
rial unit [33]. Neurotrophins and GFs are key
molecules in the cellular energy cycle [34].
Prolonged dormant phase or conditions
impairing sensorial unit homeostasis eventually
lead to apoptosis and cell loss [33]. RPE forms
the outer blood-retinal barrier with its tight
connections. Defects in the external blood
retinal barrier due to apoptosis disrupt the
immune-protected state in the retina and lead
to low-density inflammation in the sensory
unit. Neuroinflammation accelerates the apop-
tosis process and sensorial unit loss [5].
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Fig. 6 Visual field FPDI changes of the retinitis pigmentosa patient receiving aPRP + rEMS (Table 1, patient no. 1).
a Before treatment, 45%. b The 13th month of follow-up post-treatment, 52%

Platelet-rich plasma is a good source of
growth factors. Platelets have more than 30 GFs
and cytokines in oa-granules such as neu-
rotrophic growth factor (NGF), neural factor
(NF), BDNF, basic fibroblast growth factor
(bFGF), IGF, transforming growth factor (TGFp),
vascular endothelial growth factor (VEGF), pla-
telet-derived growth factor (PDGF), etc. These
peptides regulate the energy cycle at the cellular
level, local capillary blood flow, neurogenesis,
and cellular metabolism [8-10]. Anti-inflam-
matory effects of PRP are also associated with
soluble cytokines [35].

Our previous clinical and prospective study
showed that subtenon injection of aPRP signif-
icantly increased the visual functions [10, 11].
Clinical and preclinical studies showed that the
half-life of GFs in tissue derived from PRP is
4-6 months [36-38]. Our clinical observations
are similar. Here, we investigated the effects of
three loading doses with a 2-week interval and

two boosters with 6-month interval of subtenon
aPRP injections on photoreceptor loss (mea-
sured by EZW on SD-OCT) during the 1-year
follow-up. The photoreceptor loss rates during
the follow-up period were 9.3% in the natural
course group (group 3) and 3% in the aPRP-only
group (group 2). These results suggest that sub-
tenon aPRP injection can decrease the pho-
toreceptor loss rate by approximately threefold.

The growth factors applied into the sub-
tenon region reach the suprachoroidal area
through the scleral pores. GFs in the choroidal
matrix reach the subretinal area through Trk
receptors. Tyrosine kinase receptors are com-
monly found around the limbus, extraocular
muscle insertions, and the optic nerve [19].
Molecules smaller than 75kDa can pass
through the sclera via passive transport to the
suprachroidal space [17]. BDNF and IGF are key
growth factors in PRP and are larger than
75 kDa [9].
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Fig. 7 Visual field FPDI changes of a patient with retinitis pigmentosa receiving aPRP + rEMS (Table 1, patient no. 2).
a Before treatment, 57%. b The 13th month of follow-up post-treatment, 60%

Repetitive  electromagnetic  stimulation
increases the affinity and synthesis of Trk
growth factor receptors on neural tissues
[11-14]. rEMS also provides electromagnetic
iontophoresis effects by changing the electrical
charges of the scleral pores and the peptides.
Electrical or electromagnetic iontophoresis
accelerates the passage of the large molecules
such as BDNF and IGF through the sclera
[15-17]. tEMS creates hyperpolarization-depo-
larization waves in neurons, which increases
neurotransmission and capillary blood flow
[18]. In group 1, rTEMS was applied along with

aPRP, and we found the change in mean EZW
rate to be 0.7% at the end of 1year versus
baseline. This result suggests that rEMS increa-
ses the effects of aPRP. The combined use of
rEMS and aPRP has synergistic effects to prevent
photoreceptor loss and reactivate the photore-
ceptor cells in sleep (dormant) mode. The elec-
tromagnetic field used here is far below the
safety limits set by the World Health Organiza-
tion [39].

In our study, ellipsoid zone widths and FPDI
ratios in visual field showed similar changes.
This proves that the visual field is related to the
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Fig. 8 Visual field FPDI changes of a patient with retinitis pigmentosa receiving only aPRP (Table 2, patient no. 1).
a Before treatment, 24%. b The 13th month of follow-up post-treatment, 28%

number of photoreceptors. The visual field is a
subjective test and can be influenced by many
parameters such as refractive error, media
opacity, illumination intensity, the patient’s
current attention, learning curve, etc. [40]. The
visual field test gives indirect data about the
number and functions of photoreceptors. EZW
is an objective parameter in tracking the num-
ber of photoreceptors, it is not affected by sub-
jective situations. We believe that EZW can be
used for diagnosis and follow-up as a substitute
for visual field and electroretinography in most
cases. In our opinion, EZW should be the gold
standard diagnostic follow-up criterion for RP.

In contrast to the visual field, the central
visual acuity is affected too late in RP. Apoptosis
occurring in photoreceptors in the periphery
leads to Miiller cell hypertrophy and ectopic
synaptogenesis in the central 19-degree area. As
a result of the paracrine effects of Miiller cells,
the cone cells are not affected by apoptosis for a
long time. Consequently, BCVA can remain
stable for a long time [41]. In our study, BCVA
in all three groups did not change during an
average of 13 months follow-up.

Local and systemic adverse events related to
rEMS and/or aPRP were not detected during the
1-year follow-up. Patients did not describe any
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Fig. 9 Visual field FPDI changes of a patient with retinitis pigmentosa patient receiving only aPRP (Table 2, patient no. 2).
a Before treatment, 64%. b The 13th month of follow-up post-treatment, 64%

uncomfortable condition except for temporary
light sensitivity (which may last several days as
a result of aPRP injection) and headache (which
may last several hours as a result of rEMS
application).

This retrospective clinical study has some
limitations. The annual progression rate of
retinitis pigmentosa varies depending on the
type of genetic mutation. However, this issue
was not analyzed here because the genetic
mutation analysis of each patient could not be

performed. Inflammatory findings were
observed in some genetic mutation types of RP
or in some stages of the disease. There were no
measurements such as a laser flare meter
regarding how aPRP or combined procedures
affect the inflammatory response. The progres-
sion rate of each genetic type and the effects of
interventional procedures on inflammation are
additional research topics.
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Fig. 10 Visual field FPDI changes of a patient with retinitis pigmentosa, natural course (Table 3, patient no. 1). a Before
treatment, 73%. b The 13th month of follow-up post-treatment, 64%

CONCLUSION

Retinitis pigmentosa is a neurodegenerative
genetic disorder with progressive photoreceptor
loss. In recent years, growth factor injections,
stem cell applications, or gene therapy options
have come into clinical use to slow or stop dis-
ease progression. Platelet-rich plasma is a good
source of growth factors, but its half-life is 4—
6 months. aPRP might more effectively slow
down photoreceptor loss when repeated as
booster injections and combined with retinal
electromagnetic stimulation.
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