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General Information on Magnetic Stimulation Therapy / Repetitive
Transcranial Magnetic Stimulation Systems:

It was first introduced by Thompson in 1910 as a new form of therapy to repetitively stimulate
nerve cells in a non-invasive way. The modern repetitive Transcranial Magnetic Stimulation
(rTMS) device currently used was invented by Anthony Barker in 1985. In 1995, George et al.
Began using the rTMS device to specifically stimulate some areas of the brain. Following this,
many studies have been conducted on this subject for 20 years.

In the last 15 years, technological advancements have led to the development of some devices
to measure and change the electrical current in the brain at the cellular level. One of these
devices is the transcranial magnetic stimulation (TMU) system. In TMU, an electromagnetic coil
is placed on the scalp. A magnetic field is created by the energy held in capacitors. This magnetic
field has the characteristic of increasing and decreasing in 100-200 micro-seconds. It is applied
locally and is a form of non-electrical stimulation. When current is passed through a coil of wire,
a magnetic field is created perpendicular to the coil. If there is a conductive area on the opposite
side, a current is induced in that part. The induced current is parallel to the current in the coil
but in the opposite direction. In the application of TMS, brain activity is changed by creating a
strong but short magnetic field without giving an external electric current, and thus the
treatment effect is achieved.!

The change that we call "neuronal depolarization" occurs in the targeted area of the brain,
interfering with the electrical transmission of the cells in the brain. Considering that the brain
works with electrical and chemical messages, it is understood that it has a stimulating effect on
the natural processes of the brain that do not work properly. It creates a treatment effect by
creating a strong but short magnetic field without giving any electrical current from outside.
Although it may sound scary to give electromagnetic stimulation to the brain first, according to
international studies, rTMS / TMU is definitely a technique without vital side effects. In fact, it is
widely used for research purposes on healthy individuals within certain limits.

e Clinical studies show that electromagnetic stimulation therapy is effective and safe in
some neurological and psychiatric diseases such as medication-resistant depression,
stroke, Parkinson's disease, Alzheimer's disease (AD), or Multiple Sclerosis (MS).?
Electromagnetic stimulation accelerates or slows down neural transmission through ion
channels, depending on frequency and magnetic field intensity in neurons. Excitation
and inhibition in neurons is defined as the neuromodulation effect of rTMS.3
Electromagnetic stimulation accelerates mitochondrial and neuronal metabolism by
increasing the affinity of tyrosine kinase receptors to growth factors in neuronal cell
membranes.? This effect also leads to increase the passage of drug molecules into the
neurons and is defined as iontophoresis. The iontophoresis feature of rTMS is used in
the treatment of major depression.® Clinical studies show that electromagnetic
stimulation can have effective results in the field of ophthalmology as well as
neurological and psychiatric diseases. Neuromodulation, increase in growth factor
activity and iontophoresis properties are used in neurodegenerative and ischemic
retina/optic nerve diseases in the field of ophthalmology.®!!



Electromagnetic therapy has been found to increase regenerative growth factor levels at the
retina and optic nerve levels. It also increases synaptic conduction, blood flow, and growth factor
receptor sensitivity. The device does not cause any thermal damage in the applied area in terms
of its working principle. The device can be used in chronic eye diseases of the retina and optic
nerve for a period and frequency determined by the doctor without causing any side effects.
Electromagnetic therapy; It can be used as a complementary therapy to increase the effect of
stem cells, growth factors and some other therapeutic drugs, or in some cases it can be used
alone.
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Literature showing the use

ophthalmology:

of electromagnetic stimulation and iontophoresis in the field of
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Literature 1-7 was done using similar device, literature 8-11 was done using Magnovision




What are the immediate and short-term risks of TMS?

Seizures

The primary safety problem experienced in TMU is the risk of causing a seizure. Although this

risk is primarily associated with tTMS, single-pulse stimulation has been reported to cause

seizures in patients with large cerebral infarctions, contusions, or other structural brain lesions.

It can be said that the occurrence of seizure activity is highly unlikely if the conditions are in line

with established safety guidelines. (Wassermann 1998).

o In epilepsy diseases, a magnetic field of at least 1 tesla is required to stimulate the

relevant region of the brain. The energy produced by the device is 2 Gauss. Also, the coils
are away from the epilepsy-triggering areas.

Cardiovascular effects

No significant changes in blood pressure and heart rate were reported during and after TMU
administration (Foerster et al. 1997).

Auditory function

In a study of 12 depressed subjects who received tTMS for four weeks, no significant change in
hearing threshold was observed for four weeks after the study. (Loo et al. 2001).

Headache

The application of tTMS can cause local pain caused by direct stimulation of the muscles under
the coil and the stimulation of the nerves in the face and scalp. The procedure is usually more
painful with higher intensity and frequency. Approximately 5% to 20% of subjects experience
tension headaches after tTMS sessions (George et al. 1999).

What are the side effects of TMU / tTMS (TMS / rTMS)
Compared to other brain stimulation methods, it can be considered that tTMS is relatively safe
because it is non-invasive. Major problems; Involuntary induced seizures are local pain during
the application, changes in auditory performance due to the noise generated by the coil due to
the passage of electrical current, ligament pain, and potential changes in cognitive function.
Most of these side effects are sudden and short-lived. In the results of animal studies, no long-
term neuron damage findings attributable to tTMS were found. In a safety study, it was revealed
that tTMS has no significant effect on sleep EEG in therapeutic parameters (Graf et al. 2001).
The aforementioned side effects are not related to Magnovision MG10, it is an evaluation for
TMU devices in general. Since the device operates at low energy, it does not make any noise
or noise. Headache is the leading side effect observed during clinical studies. Pain is not in a
size to affect life, it is temporary.

Reference to previous and similar generations:

The Magstim device is a device that works on the electromagnetic principle. It was the source
device for the adaptation of the MG10 Magnovision device to neuroophthalmology.

Although the working principle is the same, there are differences in terms of usage and place of
use.

Throughout this document, references are given on which resources are used when creating the
device.

In addition, a detailed comparison table of Magstim and MG10 Magnovision devices is included
in the clinical study reports.




General Description of Magnovision MG10:

The Magnovision MG10 therapy device is an electromagnetic device. Currently, there are many
devices operating on the electromagnetic principle in the market. One of them is the Magstim
device. Although the Magnovision device is similar in principle to the Magstim device, it is an
innovative device in terms of the area it affects. Well; The working principles are the same
domain and the purpose of use is different devices. As a result; Although there are devices
working with similar principles in different disciplines on the market, this device is an innovative
device specific to neuroophthalmology and is unique.

The size, number and locations of the coils used in the device are designed to stimulate the
retina, optic nerve and visual pathways. In preclinical and clinical studies, it has been shown that
the magnetic field depth for each coil is 5 cm. The location of the coils has been designed
according to the anatomy of the retina, optic nerve and visual pathways and has been
demonstrated by electrophysiological tests in which only the visual pathways are stimulated.
The magnetic field intensity and frequency have been fixed at safe and effective values according
to the previously mentioned preclinical and clinical studies for the retina and visual pathways.'*
16
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To summarize; Based on the Magstim device, a more suitable device was tried to be produced in
terms of neuroophthalmology. (with lower energy, focusing directly on eye-related areas, fixed
on the head)



Magnovision is an electromagnetic / iontophoresis therapy device that creates solutions for
retinal and neuroophthalmological disorders. Magnovision acts by sending sinusoidal
electromagnetic waves to the nerves in vascular and neurodegenerative retinal/optic nerve
diseases. Magnovision device consists of a control unit and a helmet containing 9 coils that
generate electromagnetic waves and stimulate the retina, optic nerve and visual pathways.
Electromagnetic waves generated by Magnovision cause neuronal depolarization /
repolarization and rebalancing in ion channels. The location of the coils on the helmet, the
intensity, frequency and duration of the electromagnetic field to be created have been
determined as effective and safe by clinical and preclinical studies. Effective and safe parameters
cannot be changed by the user or the patient. The device is designed to prevent misuse.
Therapy is initiated after the helmet has been correctly positioned and adjusted on the patient's
head under the supervision of a specialist. Magnovision creates a magnetic field of 2000
miligauses with a frequency of 42 Hertz for 30 minutes for each therapy session. These
parameters are effective and safe values determined as a result of clinical studies. The magnetic
field intensity produced by the device is far below the safety limits recommended by the World
Health Organization. The patient completes a therapy session by wearing the helmet in a sitting
position for 30 minutes without any effort.

The number of sessions and the frequency of therapy vary according to the disease to be used.
The number of sessions and the time between sessions are determined by the relevant specialist
according to the clinical condition of the patient and the stage of the disease.

The number of therapy sessions with Magnovision and the time between therapies are
summarized below according to clinical research results. However, the physician may change
these numbers and frequencies according to the needs of the patient :

e Retinitis Pigmentosa: 24 sessions/One session per week (Follow-up with
electroretinography)

e Optic neuropathies 24 sessions/One session per week or 24 sessions / 2
consecutive sessions every day in two weeks (Follow-up with visual evoked
potentials)

e Chronic central serous chorioretinopathy : 3 sessions/ every 3 weeks or 10
sessions/ for 10 consecutive days ( Follow up with optical coherence tomography

— angiography)

e Retinal ischemic diseases: 3 sessions/ every 3 weeks or 10 sessions/ for 10
consecutive days (Follow up with optical coherence tomography — angiography)

e In cases where growth factor source is applied, in order to increase the
transmission of growth factors to neurons (iontophoresis): If the source of
growth factor is subtenon platelet rich plasma (PRP), it should be applied for 30
minutes just prior to injection. If the source of growth factor is Wharton’s jelly
derived mesenchymal stemcell, it should be applied once a week for 30 minutes
after application. (Follow-ups depend on underlying disease).



A According to the World Health Organization and European Union Standards, the
biological safety limit of the electromagnetic field is 3 Tesla (30,000 Gauss). The maximum
electromagnetic field that the device can produce if it operates at 100% capacity is
approximately 2 Gauss for each coil.

At the same time, 1500 + 5% gauss energy is obtained in the final state of the device.
Consequently, the energies involved are very low amounts.

Target patient population:
Magnavision MG10 is considered suitable for use in the therapy of the following conditions,
with the continuation of approved controlled clinical studies.

e Retinitis Pigmentosa

e Optic neuropathy
e Central serous chorioretinopathy
e Retinal ischemic conditions

e In cases where growth factor source is applied, in order to increase the transmission of
growth factors to neurons (iontophoresis).

MagnoVision MG10 Retinal- Neuroophthalmologic Electromagnetic
lontophoresis / Stimulation Therapy device

CP

Figure 1



1- The back of the helmet

This is the part that contains 5 coils and sits on the back of the patient's head.

2- The inner part of the helmet covered with sponge and anti-bacterial fabric

The helmet stays at the patient's head for 30 minutes. In order to make the therapy more
comfortable, the inner surface of the helmet is covered with sponge.

3- Front of the helmet

There are 4 coils in total on the front of the helmet. It provides fixation by sitting on the nose

belt.

4- Connection and adjustment part of the helmet

The helmet consists of 2 parts, which cannot be separated from each other, but can zoom in
and out. This is provided by the elastic band placed between the two parts.

5- Control panel screen

The control panel display shows the duration of therapy.

6- On / off switch

It performs the on and off function of the device.

7- Start / stop button

During therapy, the therapy is stopped by pressing the button. By pressing the same button
again, therapy is started and continues from where it left off.

8- Control panel

All functions such as turning the device on and off, starting and holding therapy are done with
the control panel.

9- Helmet and control panel connection cable

The cable that provides the electrical connection between the helmet and the control panel.

Purpose of usage:

Magnovision MG10 retinal and neuro-ophthalmologic electromagnetic stimulation /
iontophoresis therapy device for night blindness, ocular tension, age-related macular
degeneration, diabetic retinopathy, ischemic and traumatic optic neuropathy, retinal artery and
vein occlusion, central serous chorioretinopathy, or calcetic therapy alone It is produced for use
with treatments.

Indications:

Magnovision has been found to be clinically effective and safe in the following diseases:

Retinitis Pigmentosa: 24 sessions/One session per week (Follow-up with
electroretinography)

Optic neuropathies 24 sessions/One session per week or 24 sessions / 2
consecutive sessions every day in two weeks (Follow-up with visual evoked
potentials)

Chronic central serous chorioretinopathy : 3 sessions/ every 3 weeks or 10
sessions/ for 10 consecutive days ( Follow up with optical coherence tomography

— angiography)

Retinal ischemic diseases: 3 sessions/ every 3 weeks or 10 sessions/ for 10
consecutive days (Follow up with optical coherence tomography — angiography)

In cases where growth factor source is applied, in order to increase the
transmission of growth factors to neurons (iontophoresis): If the source of
growth factor is subtenon platelet rich plasma (PRP), it should be applied for 30
minutes just prior to injection. If the source of growth factor is Wharton’s jelly
derived mesenchymal stemcell, it should be applied once a week for 30 minutes
after application. (Follow-ups depend on underlying disease).



The number of sessions and the frequency of therapy vary according to the disease to be used.
The number of sessions and the time between sessions are determined by the relevant specialist
according to the clinical condition of the patient and the stage of the disease.

Other application areas of magnetic stimulation therapy are specified in the general definition
section about electromagnetic systems.

It is the responsibility of the physician serving to adapt the treatment method and practices in
accordance with the latest developments in medicine within the framework of existing laws and
guidelines.

Contraindications:

Contraindications are listed below.

* Magnovision should not be used in the first 3 months of pregnancy (first trimester).

¢ Magnovision should not be used in epilepsy patients who cannot be controlled with drugs.

e |t is suitable for use by patients over the age of 18.

¢ Magnovision should not be used in children under 18 years of age. It can be used in patients
under the age of 18 only on the advice of a doctor and under the supervision of a doctor.

¢ Magnovision should not be used in patients with a cardiac pacemaker.

¢ Magnovision should not be used in patients with magnetic foreign bodies in the intracranial
and orbital areas.

The device is designed for safe and secure use in clinics. It is designed in such a way that the end
user can understand it is easy to use, does not allow the operator / doctor to use it incorrectly
and does not exceed the safety limits.

What Are the Common Side Effects:

The most common side effect is temporary pain in the area where the treatment is applied. The
resulting pain is related to the stimulation of the sensory nerves in the scalp or frequent
contraction of the muscles. Mild pain around the eyes has been reported. Pains are short-term
and temporary. Changes in color vision perception have been reported. This is again short-term
and temporary. No serious side effects that warrant discontinuation of treatment have been
encountered.

SRN: TR-MF-000031475

UDI-DI: 86839792404MG10D9

GMDN Code

36902 Explanation: Stimulator, magnetic

European Representative

There is no European representative.

Lifetime of the Device:

MDR do not provide any direct guidance on how the lifetime of a medical device should be
determined. However, as a result of the information obtained by compiling from various
sources, we have determined a useful life for our product.

The life of the product is 10 years when routine maintenance, calibration and service
operations are performed due to aging of parts, technical changes and developments. While
determining the service life of the product, we have determined the lifetimes of the spare parts
used.

For example; In the technical specifications of the medical adapter used, the service life is
determined as follows. Even the medical adapter, which is on the list of critical components
and has the most limited life, has a lifespan of 105,000 hours. (even if it works continuously) As
seen in the example, the components used are long-lasting.




60W AC-DC Reliable Green Medical Adaptor G S M 6 0 A series

* Lifatime = 105 K hours

As Bioretina, we provide a spare part supply period of 10 years for the Magnovision MG10
therapy device that we manufacture. (Since the technology of the device may change, there
may be difficulties in the supply of spare parts, the supplier may change) Therefore, the service
life of the device has been determined as 10 years. The service life of the device does not
prevent the device from being used for a longer period of time. (Applies to devices that have
been routinely maintained and calibrated correctly)

The device does not have a specific shelf life. Considering the environmental conditions, it does
not require special usage conditions.

The product is not an implantable or sterile product.

Spare parts will be provided by us.

The number and frequency of use vary according to the intensity of the clinic.

Factors Shortening Product Life;

e Failure to perform the maintenance/repairs determined by the manufacturer on time,

¢ The device is not used for its intended purpose,

Affects device lifetime.

The device is not disposable.

Accessories And Spare Parts:

The device does not have any accessories. Spare parts; coil, membrane, helmet sponge, helmet
cover, adapter, electronic card.

Software

Software name: Software for MG10

Software version: MgnVv01.01

Function of the software on the device: The software performs the start and hold functions of
the device. It provides an audible warning.

The software class is A.

Sterilization
The device is non-sterile.

Packaging:
The device is sent to the end user in a specially designed carrying case for the device itself.




Device-Related Warnings:

These warnings must be observed in order to use the device correctly.

Before starting therapy, the control panel should be placed in a stable place. It should also
remain stable during therapy. The device should not be used while in motion.
s \ Only well trained persons can use the device.
A Connect the device to a socket with grounding. If there are fluctuations in the electrical
current, use a regulator or uninterruptible power supply.
¢\ The device is designed for clinical use and with patient-specific parameters set; Therefore, it
is strictly forbidden to use or use by other people without a doctor's permission.
Do not keep liquid near or near the device while it is in operation.
Do not use in environments with explosive gas and materials.
The device should never be used with wet hair.
Patients with metal or bionic implantation in the head, neck, face and ear area should not
Ause the device before determining the magnetic field compatibility values specified in the
A implant's user manual.
A The patient with implantation must share this information with the relevant physician.
A The device should not be used near or near electronic devices (mobile phones, hair dryers,
A televisions, radios, white goods, etc.) that may create magnetic fields.
A Do not use the device while moving or in a vehicle (airplane, car, train, etc.).
/Y\ Do not use earphones during therapy.
During the therapy, there should be no metal-containing parts in the head and neck region
that may affect the magnetic field (earrings, necklaces, piercings, glasses, etc.)
If smoke comes out of the device, unplug the device immediately and contact Bioretina or
authorized service immediately.
Magnetic field scanners may damage the device if the device passes through the control
points. The device can go through X-Ray, ultrasound, or infrared scanners.

Magnovision MG10 Specifications

Technical Data of the Device

Electromagnetic Compatibility EN 60601-1-2

Medical Devices Regulation 2017/745 Category IlIb (Energy sent to the human body)
Electric Shock Protection Type BF

Safety Class (according to 60601-1) Il

IP protection degree IP20

Magnetic Wave
Operating Mode
Adaptor In:
Adaptor Out:
Dimensions
Weight
Height

e Helmet

e Control panel

Voltage / Frequency
Power Supply

Noise Emission

during therapy

during audible warning

2 gauss

Set to single mode (1 session 30 minutes)
100-240VAC 50/60Hz.

24VDC

3Kg

18 cm
14 cm

24VDC/ 2.5A / 60W
60W

30dB
60 dB



Label:

MagnoVisidgn Bl Bijieinob ve Bijomedka Sajk Va

alinmian A

Type/Model
Serial/Seri No
Power/Gii¢
Adaptor In
Adaptor Out

. Magnovision MG10 ) /ﬁ I'onl

MG10-23-01

2.5A 60W k Made in TURKIYE
: 100-240VAC 50/60Hz TURKIYE'de Uretimigtis

EIORETINA BIYOTEKNOLOJ| ve BIYOUEDKAL SAGUK YATRIMLARI AS.

Erer Wan Dusiupinar Biv. Ostum Dekocity No: 24058 Etimesgut-Ankara TURKIYE
Teb 450012850510 - infofibioretina comir

BRT-FR-66/01

MR warw bloreting comtr

Symbols and Definitions

The symbols on the label and their explanations are as follows;

Symbol

What is means

Class |1 device according to EN 60601-1.

Type BF device according to EN 60601-1.

Check the user manual.

R
&
)il

According to 2002/96/EC Electronic and Electrical
Equipment Directive, it is forbidden to throw away the
device and its parts after the device has completed its
useful life. Y ou can contact Bioretinafor disposal.

If the products are used for their intended purpose, it will
not harm human life and property, plant and animal
existence and the environment, in other words, itisasign
that the product is a safe product.

***x: Notified body identification number

Indicates the date the medical device was manufactured.

— | P20 Protecti on Cl ass. -
Protected against solid objects over 12 mm. No protection
against liquids

‘ Information of the company producing the medical
device.

SN Indicates the serial number of the medical device.

'8

Indicates the website where the patient can obtain
additional information about the medical device.
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Device & Outer Box Symbols and Definitions

Symbol What is means
/f\ Warning/Caution/Note
- Keep Away from Sunlight.
0
AN

404

Protect from Getting Wet.

Fragile Product Handle With Care.

Rohs Statement (The device does not contain harmful
substances that have exceeded the limits and are banned.)

Indicates that the relevant product is amedical device.

C
S

Specifies a bearer that contains unique device identifier
information.

LR

Indicates that the medical device cannot be used after this
date.
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Wharton’s jelly-derived mesenchymal stem cells :

e Umbilical cord Wharton’s jelly derived mesenchymal stemcells (WJ-MSCs) have
a high paracrine effect and secrete exosomes.

e Exosomes contain neurotrophins, growth factors, micro-RNA and mitochondrial
components. These growth factors are neural growth factor (NGF), Insulin-like
growth factor (IGF), brain-derived neurotrophic factor (BDNF), and ciliary
neurotrophic factor (CNTF).

e Growth factors and neurotrophins activate by binding to tyrosine kinase
receptors on the retina pigmet epithelium (RPE) and photoreceptor membranes.

e Peptides secreted by WIJ-MSCs accelerate glucose uptake, oxidative
phosphorylation, mitochondrial functions in neurons, phagocytosis, and digestion
of metabolic wastes; provide neural homeostasis; and regulate neural
metabolism and oxidative energy cycle. Mitochondrial fragments in exosome
content also increase ATP-GTP levels.

e Exosomes also contain anti-inflammatory cytokines and peptides that regulate B
and T lymphocyte functions, such as Prostaglandin E and Transforming Growth
Factor. This anti-inflammatory effect of WJ-MSCs contributes to preventing
apoptosis triggered by inflammation.

Due to all these mechanisms above, many preclinical and clinical studies have shown that
WJ-MSCs can reactivate dormant phase photoreceptors, improve retinal functions, prevent

photoreceptor apoptosis, and slow disease progression in RP and other retinal degenerations.

Preparation of umbilical cord Wharton’s jelly derived mesenchymal stem cells:

¢ Mesenchymal stem cells were isolated from Wharton jelly and produced allogeneically.

e The cells obtained from the ONKiM Stem Cell Laboratory, which has a cGMP certificate
and is approved by the Ministry of Health, according to international standards, were prepared in
accordance with injection.

* Average 5x10° cells in 1.5 ml saline solution were transported by cold chain in ready-to-
use vials.

¢ Although WJ-MSCs are defined as allogeneic, they do not contain tissue surface antigens

(HLA, MHC-1), so they behave like autologous and do not cause rejection reaction.






Injection of umbilical cord WJ-MSCs

* The deep subtenon region is a natural culture medium for stem cells.

¢ The deep subtenon region is a relatively immune-protected region.

e Scleral pores and Tyrosine kinase receptors allow the passage of growth factors and
immunomodulatory cytokines, which are secretions of stem cells, to the retina.

The WJ-MSCs suspension from the culture was delivered to the operating room by cold chain and
used within 24 h.

A total of 1.5 ml of the WJ-MSC suspension was immediately injected into the deep subtenon
space of each eye.

The procedure was conducted under topical anesthesia with proparacaine hydrochloride drops
(Alcaine, Alcon, USA) and sterile conditions.

A 5/0 atraumatic traction suture was applied to the limbus for easy access and manipulation to
the application area. A small cut was made through the conjunctiva and tenon capsule up to the
sclera in the superior-temporal quadrant, 13 mm away from the limbus, to insert a 20 G subtenon
curved cannula (BD, Visitec, UK). Subsequently, a 7/0 vicryl suture was passed through the
conjunctiva and tenon and tied down with a loop creation.

A curved subtenon cannula attached to the 2.5 cc syringe filled with 1.5 ml fluid containing stem
cells was inserted through the cut and forwarded into the extraocular muscle conus until reaching
the sclera; 1.5 ml of fluid was then injected. While the cannula was drawn back, a loop was
tightened to prevent leakage.

Postoperatively, loteprednol and tobramycin combination eye drops were given four times per

day for 1 week, and oral amoxicillin-clavulanate (1 g) was given twice per day for 5 days.



Clinical practice







Magnovision
Retinal repetitive electromagnetic stimulation (rEMS)

e Specifically designed helmets producing high-frequency repetitive

electromagnetic stimulation (Magnovision™, Bioretina Biotechnology, Ankara,

Tirkiye) stimulated the retinas and visual pathways in both eyes.

e In preclinical and clinical studies, it has been shown that the magnetic field depth

for each coil is 5 cm. The location of the coils has been designed according to the

anatomy of the retina, optic nerve, and visual pathways and has been

demonstrated by electrophysiological tests in which only the retina/visual

pathways are stimulated without any side effects.

e Magnovision sends sinusoidal electromagnetic waves to the nerves

vascular/neurodegenerative/ischemic retina and optic nerve diseases.

e The Magnovision device consists of a control unit and a helmet containing nine

coils that generate electromagnetic waves and stimulate the retina, optic nerve,

and visual pathways.

e The electromagnetic waves generated by Magnovision cause neuronal

depolarization, repolarization, and rebalancing in ion channels. The location of the

coils on the helmet and the intensity, frequency, and duration of the

electromagnetic field to be created have been determined as effective and safe

by clinical and preclinical studies.

e The user or the patient cannot change effective and safe parameters. The device

is designed to prevent misuse. Therapy is initiated after the helmet has been

correctly positioned and adjusted on the patient’s head under the supervision of

a specialist.

e Magnovision creates a magnetic field of 2000 miligauses with a frequency of 42

Hertz for 30 min for each therapy session. These parameters are effective and safe

values determined by preclinical/clinical studies.

e The magnetic field intensity produced by the device is far below the safety limits

recommended by the World Health Organization.



e The patient completes a therapy session by wearing the helmet in a sitting

position for 30 min without any effort with the specially designed system for

ophthalmologic use (MagnoVision™).

MagnoVisign

Magnovision: Effect mechanism

Clinical studies show that electromagnetic stimulation can have effective
results in ophthalmology, neurological and psychiatric diseases.
Electromagnetic stimulation accelerates or slows down neural transmission
through ion channels, depending on the frequency and magnetic field
intensity in neurons. Excitation and inhibition in neurons are defined as the
neuromodulation effect of rEMS.

Electromagnetic stimulation accelerates mitochondrial and neuronal
metabolism by increasing the affinity of tyrosine kinase receptors to growth
factors in neuronal cell membranes. This effect also increases the passage of
drug molecules into the neurons and is defined as iontophoresis. The
iontophoresis feature of rEMS is used in the treatment of major depression.
Neuromodulation, increase in growth factor activity, and iontophoresis
properties are used in neurodegenerative and ischemic retina/optic nerve

diseases in ophthalmology.



Electromagnetic therapy has increased regenerative growth factor levels at
the retina and optic nerve. It also increases synaptic conduction, blood flow,
and growth factor-receptor sensitivity.

The device can be used in chronic eye diseases of the retina and optic nerve
for a period and frequency determined by the physician without causing any
side effects.

Electromagnetic therapy can be used as a complementary therapy to increase
the effect of stem cells, growth factors, and some other therapeutic drugs, or
in some cases, it can be used alone.

Mesenchymal stem cells inoculated into deep subtenon space secrete growth
factors into the degenerated microenvironment. Magnovision™, specifically
developed for ophthalmologic use, can synergistically enhance the
degranulation of growth factor-containing vesicles in mesenchymal stem cells
through ion channels.

The iontophoresis effect of Magnovision allows the prevention of serious
complications of intravitreal AntiVEGF injections, which require frequent
repetitions,

Magnovision's iontophoresis effect allows AntiVEGF injections to be

administered safely in the office environment as subtenon.



Growth Factors and Exosomes

* Growth factors are functional peptides that provide cellular metabolism and autophagy
balance. They are key molecules that balance the vital and functional energy cycle of cells.
Metabolically, they regulate active, dormant, and apoptosis of cells.

e Growth factors can be obtained naturally from platelet-rich plasma, that exosomes of bone
marrow stem cells in peripheral blood, from exosomes of mesenchymal stem cells from Wharton
jelly, or by recombinant DNA technology, such as Erythropoietin, Anti-VEGF, or other
neurotrophins.

¢ Platelet-rich plasma is a good source of growth factor. Platelets have more than 30 GFs and
cytokines in their a-granules, such as neurotrophic growth factor (NGF), neural factor (NF), brain-
derived neurotrophic factor (BDNF), basic fibroblast growth factor (bFGF), insulin-like growth
factor (IGF). .

¢ Transforming growth factor (TGF-B), vascular endothelial growth factor (VEGF), platelet-
derived growth factor (PDGF), etc. Peptides regulate energy cycling, local capillary blood flow,
neurogenesis and cellular metabolism at the cellular level.

* The anti-inflammatory effects of PRP are also associated with soluble cytokines.

Case reports and scientific articles on regenerative ophthalmological applications are

attached.
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NON EXUDATIVE AGE-RELATED MACULAR DEGENERATION,

After Wharton jelly derived mesenchymal stem cell (WJ-MSC) and Magnovision
application, the drusenoid pigment epithelium detachment (PED) got lost without
atrophy.

WIJ-MSC: a source of allogenic growth factors and neurotrophins.

MAGNOVISION: electromagnetic iontophoresis and stimulation device

Magnovision electromagnetic stimulation device stimulates the WJ-MSCs in the subtenon
space. Magnovision increases exosom degranulation of WJ-MSCs. Exosomes contain
growth factors and neurotrophins. Electromagnetic iontophoresis is mandatory for the
transport of growth factors and neurotrophins from the scleral pores to the choroidal
matrix and then to the subretinal region by tyrosin kinase receptors.
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NON EXUDATIVE AGE-RELATED MACULAR DEGENERATION,

After Wharton jelly derived mesenchymal stem cell (WJ-MSC) and Magnovision
application, the drusenoid pigment epithelium detachment (PED) got lost without
atrophy.

WIJ-MSC: a source of allogenic growth factors and neurotrophins.

MAGNOVISION: electromagnetic iontophoresis and stimulation device

Magnovision electromagnetic stimulation device stimulates the WJ-MSCs in the subtenon
space. Magnovision increases exosom degranulation of WJ-MSCs. Exosomes contain
growth factors and neurotrophins. Electromagnetic iontophoresis is mandatory for the
transport of growth factors and neurotrophins from the scleral pores to the choroidal
matrix and then to the subretinal region by tyrosin kinase receptors.
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NON EXUDATIVE AGE-RELATED MACULAR DEGENERATION,
After subtenon autologous platelet rich plasma (PRP) and Magnovision application, the
drusenoid pigment epithelium detachment (PED) got lost without atrophy.

PRP: A source of autologos growth factors and neurotrophins. PRP is the exosomes of
bone marrow stem cells in peripheral blood. For PRP to be effective in retinal diseases,
cooler centrifugal device and Magnovision electromagnetic iontophoresis device must
be used.

To prevent denaturation of peptides in PRP content, PRP process must be at +4
Cantigrade, in citrated sterile PRP tubes and 8 minutes 4000 rpm with refrigerant
centrifuge device.

MAGNOVISION: electromagnetic iontophoresis and stimulation device

Magnovision: electromagnetic iontophoresis device is mandatory for the transport of
subtenon PRP content from scleral pores to the choroidal matrix and then to the
subretinal area by tyrosyn kinase receptors.
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NON EXUDATIVE AGE-RELATED MACULAR DEGENERATION,

After Wharton jelly derived mesenchymal stem cell (WJ-MSC) and Magnovision
application, the drusenoid pigment epithelium detachment (PED) got lost without
atrophy.

WIJ-MSC: a source of allogenic growth factors and neurotrophins.

MAGNOVISION: electromagnetic iontophoresis and stimulation device

Magnovision electromagnetic stimulation device stimulates the WJ-MSCs in the subtenon
space. Magnovision increases exosom degranulation of WJ-MSCs. Exosomes contain
growth factors and neurotrophins. Electromagnetic iontophoresis is mandatory for the
transport of growth factors and neurotrophins from the scleral pores to the choroidal
matrix and then to the subretinal region by tyrosin kinase receptors.
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NON EXUDATIVE AGE-RELATED MACULAR DEGENERATION,

After subtenon PLATELET RICH PLASMA (PRP) and MAGNOVISION application,
Improvements are observed in deep retinal capillary density and pattern ERG. Visual
acuity increased by 10 ETDRS letters.

PRP: A source of autologos growth factors and neurotrophins. PRP is the exosomes of
bone marrow stem cells in peripheral blood. For PRP to be effective in retinal diseases,
cooler centrifugal device and Magnovision electromagnetic iontophoresis device must
be used. To prevent denaturation of peptides in PRP content, PRP process must be at +4
Cantigrade, in citrated sterile PRP tubes and 8 minutes 4000 rpm with refrigerant
centrifuge device.

Magnovision: electromagnetic iontophoresis device is mandatory for the transport of
subtenon PRP content from scleral pores to the choroidal matrix and then to the
subretinal area by tyrosyn kinase receptors.
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NON EXUDATIVE AGE-RELATED MACULAR DEGENERATION,

After Wharton jelly derived mesenchymal stem cell (WJ-MSC) and Magnovision
application, the drusenoid pigment epithelium detachment (PED) got lost without
atrophy.

WIJ-MSC: a source of allogenic growth factors and neurotrophins.

MAGNOVISION: electromagnetic iontophoresis and stimulation device

Magnovision electromagnetic stimulation device stimulates the WJ-MSCs in the subtenon
space. Magnovision increases exosom degranulation of WJ-MSCs. Exosomes contain
growth factors and neurotrophins. Electromagnetic iontophoresis is mandatory for the
transport of growth factors and neurotrophins from the scleral pores to the choroidal
matrix and then to the subretinal region by tyrosin kinase receptors.
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RETINITIS PIGMENTOSA: Improvement of the ellipsoid zone and disappearance of the
inflammatory epiretinal membrane after the application of Wharton jelly derived
mesenchymal stemcell (WJ-MSC) and MAGNOVISION.

WIJ-MSC: A source of allogenic growth factors, neurotrophins and anti-inflammatory
cytokines.

MAGNOVISION electromagnetic stimulation device stimulates the WJ-MSCs in the
subtenon space. Magnovision increases exosom degranulation of WJ-MSCs. Exosomes
contain growth factors and neurotrophins. Electromagnetic iontophoresis is mandatory
for the transport of growth factors and neurotrophins from the scleral pores to the
coroidal matrix and then to the subretinal region by tyrosin kinase receptors.
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RETINITIS PIGMENTOSA (RP): Anatomical and functional improvement was observed
after WHARTON JELLY DERIVED MESENCHYMAL STEMCELL (WJ-MSC) and
MAGNOVISION application. Vision improved from 80 letters to 100 letters.

RP: Progressive loss of photoreceptors due to genetic mutations. Accumulation of
mutant functional and structural proteins leads to oncotic edema. Application of WJ-
MSC and MAGNOVISION triggers autophagy and accelerates the digestion of mutant
proteins.

WIJ-MSC: A source of allogenic growth factors, neurotrophins and anti-inflammatory
cytokines.

MAGNOVISION electromagnetic stimulation device stimulates the WJ-MSCs in the
subtenon space. Magnovision increases exosome degranulation of WJ-MSCs. Exosomes
contain growth factors and neurotrophins. Electromagnetic iontophoresis is mandatory
for the transport of growth factors and neurotrophins from the scleral pores to the
coroidal matrix and then to the subretinal region by tyrosin kinase receptors.
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RETINITIS PIGMENTOSA (RP): Anatomical and functional improvement was observed
after WHARTON JELLY DERIVED MESENCHYMAL STEMCELL (WJ-MSC) and
MAGNOVISION application. Vision improved from 85 letters to 110 letters.

RP: Progressive loss of photoreceptors due to genetic mutations. Accumulation of
mutant functional and structural proteins leads to oncotic edema. Application of WJ-
MSC and MAGNOVISION triggers autophagy and accelerates the digestion of mutant
proteins.

WIJ-MSC: A source of allogenic growth factors, neurotrophins and anti-inflammatory
cytokines.

MAGNOVISION electromagnetic stimulation device stimulates the WJ-MSCs in the
subtenon space. Magnovision increases exosome degranulation of WJ-MSCs. Exosomes
contain growth factors and neurotrophins. Electromagnetic iontophoresis is mandatory
for the transport of growth factors and neurotrophins from the scleral pores to the
coroidal matrix and then to the subretinal region by tyrosin kinase receptors.



Case 10

LIRRLE el ) bl IS €) 2402000

e~ i rhan T s L. — o lenren T Loy smane oo w—

RETINITIS PIGMENTOSA (RP): Anatomical and functional improvement was observed
after WHARTON JELLY DERIVED MESENCHYMAL STEMCELL (WJ-MSC) and
MAGNOVISION application. Vision improved from 65 letters to 95 letters.

RP: Progressive visual field loss due to genetic defects of structural and functional
proteins in retinal pigment epithelium and photoreceptors. Photoreceptors first go into
sleep mode when the visual and energy cycles are disrupted (Dormant phase). WJ-MSCs
secrete growth factors and neurotrophins that accelerate the energy cycle. It is observed
that the dormant phase photoreceptors are reactivated after WJ-MSC application.
Photoreceptors in the dormant phase solidify their cytoplasm and cells appear thinner
than normal. Reactivated photoreceptors appear bold compared to dormant
photoreceptors.

WIJ-MSC: A source of allogenic growth factors, neurotrophins and anti-inflammatory
cytokines.

MAGNOVISION electromagnetic stimulation device stimulates the WIJ-MSCs in the
subtenon space. Magnovision increases exosome degranulation of WJ-MSCs. Exosomes
contain growth factors and neurotrophins. Electromagnetic iontophoresis is mandatory
for the transport of growth factors and neurotrophins from the scleral pores to the
coroidal matrix and then to the subretinal region by tyrosin kinase receptors.
Electromagnetic stimulation activates neuronal ion channels and creates depolarization.
This effect creates a synergistic effect in reactivating dormant photoreceptors.
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RETINITIS PIGMENTOSA (RP): Anatomical and functional improvement was observed
after WHARTON JELLY DERIVED MESENCHYMAL STEMCELL (WJ-MSC) and
MAGNOVISION application. Vision improved from 65 letters to 95 letters.

RP: Progressive visual field loss due to genetic defects of structural and functional
proteins in retinal pigment epithelium and photoreceptors. Photoreceptors first go into
sleep mode when the visual and energy cycles are disrupted (Dormant phase). WJ-MSCs
secrete growth factors and neurotrophins that accelerate the energy cycle. It is
observed that the dormant phase photoreceptors are reactivated after WJ-MSC
application. Photoreceptors in the dormant phase solidify their cytoplasm and cells
appear thinner than normal. Reactivated photoreceptors appear bold compared to
dormant photoreceptors.

WIJ-MSC: A source of allogenic growth factors, neurotrophins and anti-inflammatory
cytokines.

MAGNOVISION electromagnetic stimulation device stimulates the WIJ-MSCs in the
subtenon space. Magnovision increases exosome degranulation of WJ-MSCs. Exosomes
contain growth factors and neurotrophins. Electromagnetic iontophoresis is mandatory
for the transport of growth factors and neurotrophins from the scleral pores to the
coroidal matrix and then to the subretinal region by tyrosin kinase receptors.
Electromagnetic stimulation activates neuronal ion channels and creates depolarization.
This effect creates a synergistic effect in reactivating dormant photoreceptors.
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RETINITIS PIGMENTOSA (RP): Anatomical and functional improvement was observed
after WHARTON JELLY DERIVED MESENCHYMAL STEMCELL (WJ-MSC) and
MAGNOVISION application. Vision improved from 50 letters to 72 letters.

RP: Progressive visual field loss due to genetic defects of structural and functional
proteins in retinal pigment epithelium and photoreceptors. Photoreceptors first go into
sleep mode when the visual and energy cycles are disrupted (Dormant phase). WJ-MSCs
secrete growth factors and neurotrophins that accelerate the energy cycle. It is
observed that the dormant phase photoreceptors are reactivated after WJ-MSC
application. Photoreceptors in the dormant phase solidify their cytoplasm and cells
appear thinner than normal. Reactivated photoreceptors appear bold compared to
dormant photoreceptors.

WIJ-MSC: A source of allogenic growth factors, neurotrophins and anti-inflammatory
cytokines.

MAGNOVISION electromagnetic stimulation device stimulates the WIJ-MSCs in the
subtenon space. Magnovision increases exosome degranulation of WJ-MSCs. Exosomes
contain growth factors and neurotrophins. Electromagnetic iontophoresis is mandatory
for the transport of growth factors and neurotrophins from the scleral pores to the
coroidal matrix and then to the subretinal region by tyrosin kinase receptors.
Electromagnetic stimulation activates neuronal ion channels and creates depolarization.
This effect creates a synergistic effect in reactivating dormant photoreceptors.
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RETINITIS PIGMENTOSA (RP): Anatomical and functional improvement was observed
after WHARTON JELLY DERIVED MESENCHYMAL STEMCELL (WJ-MSC) and
MAGNOVISION application. Vision improved from 90 letters to 110 letters.

RP: Progressive visual field loss due to genetic defects of structural and functional
proteins in retinal pigment epithelium and photoreceptors. Photoreceptors first go into
sleep mode when the visual and energy cycles are disrupted (Dormant phase). WJ-MSCs
secrete growth factors and neurotrophins that accelerate the energy cycle. It is
observed that the dormant phase photoreceptors are reactivated after WJ-MSC
application. Photoreceptors in the dormant phase solidify their cytoplasm and cells
appear thinner than normal. Reactivated photoreceptors appear bold compared to
dormant photoreceptors.

WIJ-MSC: A source of allogenic growth factors, neurotrophins and anti-inflammatory
cytokines.

MAGNOVISION electromagnetic stimulation device stimulates the WIJ-MSCs in the
subtenon space. Magnovision increases exosome degranulation of WJ-MSCs. Exosomes
contain growth factors and neurotrophins. Electromagnetic iontophoresis is mandatory
for the transport of growth factors and neurotrophins from the scleral pores to the
coroidal matrix and then to the subretinal region by tyrosin kinase receptors.
Electromagnetic stimulation activates neuronal ion channels and creates depolarization.
This effect creates a synergistic effect in reactivating dormant photoreceptors.
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RETINITIS PIGMENTOSA (RP): Anatomical and functional improvement was observed
after WHARTON JELLY DERIVED MESENCHYMAL STEMCELL (WJ-MSC) and
MAGNOVISION application. Vision improved from 30 letters to 55 letters.

RP: Progressive loss of photoreceptors due to genetic mutations. Accumulation of
mutant functional and structural proteins leads to oncotic and inflammatory edema.
Application of WJ-MSC and MAGNOVISION triggers autophagy and accelerates the
digestion of mutant proteins. Reduction of mutant proteins leads to the improvement
of vitritis and macular edema indicated by the yellow arrows.

WIJ-MSC: A source of allogenic growth factors, neurotrophins and anti-inflammatory
cytokines.

MAGNOVISION electromagnetic stimulation device stimulates the WJ-MSCs in the
subtenon space. Magnovision increases exosome degranulation of WJ-MSCs. Exosomes
contain growth factors and neurotrophins. Electromagnetic iontophoresis is mandatory
for the transport of growth factors and neurotrophins from the scleral pores to the
coroidal matrix and then to the subretinal region by tyrosin kinase receptors.
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RETINITIS PIGMENTOSA (RP): Anatomical and functional improvement was observed
after WHARTON JELLY DERIVED MESENCHYMAL STEMCELL (WJ-MSC) and
MAGNOVISION application. Vision improved from 60 letters to 90 letters. It is observed
that the ellipsoid zone is preserved in the long term.

RP: Progressive loss of photoreceptors due to genetic mutations. Accumulation of
mutant functional and structural proteins leads to oncotic edema. Application of WJ-
MSC and MAGNOVISION triggers autophagy and accelerates the digestion of mutant
proteins.

WIJ-MSC: A source of allogenic growth factors, neurotrophins and anti-inflammatory
cytokines.

MAGNOVISION electromagnetic stimulation device stimulates the WJ-MSCs in the
subtenon space. Magnovision increases exosome degranulation of WJ-MSCs. Exosomes
contain growth factors and neurotrophins. Electromagnetic iontophoresis is mandatory
for the transport of growth factors and neurotrophins from the scleral pores to the
coroidal matrix and then to the subretinal region by tyrosin kinase receptors.
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CHRONIC CENTRAL SEROUS CHOROIDORETHINOPATHY (CSCR): Anatomical and
functional improvement was observed after MAGNOVISION and subtenon PRP
application in the patient who was resistant to classical treatments. Vision improved
from 72 letters to 100 letters.

CSCR is subretinal fluid leakage as a result of increased choroidal pressure and
weakening of retinal pigment epithelial (RPE) tight junctions. Epithelial Growth Factor
and neurotrophins in the PRP content can repair the RPE defect.

PRP: A source of autologos growth factors and neurotrophins. PRP is the exosomes of
bone marrow stem cells in peripheral blood. For PRP to be effective in retinal diseases,
cooler centrifugal device and Magnovision electromagnetic iontophoresis device must
be used.

To prevent denaturation of peptides in PRP content, PRP process must be at +4
Cantigrade, in citrated sterile PRP tubes and 8 minutes 4000 rpm with refrigerant
centrifuge device.

MAGNOVISION: electromagnetic iontophoresis device is mandatory for the transport of
subtenon PRP content from scleral pores to the choroidal matrix and then to the
subretinal area by tyrosyn kinase receptors.
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CHRONIC CENTRAL SEROUS CHOROIDORETHINOPATHY (CSCR): Anatomical and
functional improvement was observed after MAGNOVISION and subtenon PRP
application in the patient who was resistant to classical treatments. Vision improved
from 80 letters to 110 letters.

CSCR is subretinal fluid leakage as a result of increased choroidal pressure and
weakening of retinal pigment epithelial (RPE) tight junctions. Epithelial Growth Factor
and neurotrophins in the PRP content can repair the RPE defect.

PRP: A source of autologos growth factors and neurotrophins. PRP is the exosomes of
bone marrow stem cells in peripheral blood. For PRP to be effective in retinal diseases,
cooler centrifugal device and Magnovision electromagnetic iontophoresis device must
be used.

To prevent denaturation of peptides in PRP content, PRP process must be at +4
Cantigrade, in citrated sterile PRP tubes and 8 minutes 4000 rpm with refrigerant
centrifuge device.

MAGNOVISION: electromagnetic iontophoresis device is mandatory for the transport of
subtenon PRP content from scleral pores to the choroidal matrix and thento the
subretinal area by tyrosyn kinase receptors.
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MYOPIC CHORIOIDAL NEOVASCULAR MEMBRANE (CNV): MYOPIC CNV: CNV regressed
at day 12 after the combination of subtenon 0.5 ml Bevacizumab and MAGNOVISION .
The patient's metamorphopsia complaints improved. Visual acuity improved from 50
letters ETDRS to 80 letters. Intravitreal injection complications such as retinal
detachment are high in degenerative myopia. Subtenon Altuzan can pass into the
subretinal area in an effective amount with MAGNOVISION iontophoresis. It is a good
option to prevent intravitreal injection complications.

MAGNOVISION: Electromagnetic iontophoresis device is mandatory for the transport of
big molecules (higher than 50 kD) from the subtenon space to the scleral pores and to
the choroidal matrix.



Case 19

SEROUS PIGMENT EPITHELIAL DETACHMENT (PED) Subtenon platelet rich plasma (PRP)
+ Ranibizumab mixture injection and MAGNOVISION application in a case of chronic
central serous choroidoretinopathy complicated with serous PED. It was observed that
the serous PED disappeared with 1 subtenon mixture injection.

Ranibizumab is the smallest AntiVEGF with molecular weight. Subtenon injection of the
Ranibizumab + PRP mixture can easily pass from the scleral pores to the choroidal
matrix via the MAGNOVISION electromagnetic iontophoresis procedure.
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RETINOSCHISIS is an X-linked genetic disease. Accumulation of mutant proteins
between retinal layers leads to intraretinal edema and cysts. Application of Wharton's
jelly derived mesenchymal stemcell (WJ-MSC) and MAGNOVISION triggers autophagy
and accelerates the digestion of mutant proteins.

WJ-MSC: A source of allogenic growth factors and neurotrophins.

MAGNOVISION electromagnetic stimulation device stimulates the WJ-MSCs in the
subtenon space. Magnovision increases exosom degranulation of WJ-MSCs. Exosomes
contain growth factors and neurotrophins. Electromagnetic iontophoresis is mandatory
for the transport of growth factors and neurotrophins from the scleral pores to the
coroidal matrix and then to the subretinal region by tyrosin kinase receptors.
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CENTRAL RETINAL VEIN OCCLUSION, macular edema resistant to all conventional
applications. Multiple Eylea, Ozurdex injections and Micropulse laser were applied.
After WHARTON JELLY DERIVED MESENCHYMAL STEMCELL and MAGNOVISION
application, edema resolved and did not recur.

WIJ-MSC: A source of allogenic growth factors and neurotrophins.

MAGNOVISION: Electromagnetic stimulation and iontophoresis device

Magnovision electromagnetic stimulation device stimulates the WJ-MSCs in the
subtenon space. Magnovision increases exosom degranulation of WJ-MSCs. Exosomes
contain growth factors and neurotrophins. Electromagnetic iontophoresis is mandatory
for the transport of growth factors and neurotrophins from the scleral pores to the
choroidal matrix and then to the subretinal region by tyrosin kinase receptors.
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PAMM (Paracentral Acute Middle Maculopathy)=Deep retinal capillary ischemia. Our
case who had a sudden decrease in vision after the injection of adrenaline into the nasal
mucosa during nasal septum deviation surgery After autologous platelet rich plasma
(PRP) and MAGNOVISION application, vision improved to 100 ETDRS letters with
minimal sequelae. Pre-application vision was 35 letters.

PRP: A source of autologos growth factors and neurotrophins. PRP is the exosomes of
bone marrow stem cells in peripheral blood. For PRP to be effective in retinal diseases,
cooler centrifugal device and Magnovision electromagnetic iontophoresis device must
be used. To prevent denaturation of peptides in PRP content, PRP process must be at +4
Cantigrade, in citrated sterile PRP tubes and 8 minutes 4000 rpm with refrigerant
centrifuge device.

MAGNOVISION: electromagnetic iontophoresis device is mandatory for the transport of
subtenon PRP content from scleral pores to the choroidal matrix and then to the
subretinal area by tyrosyn kinase receptors.



Case 23

MAC-TEL-1 Anatomical and functional improvement was observed after subtenon
PLATELET RICH PLASMA (PRP) + ERITROPOETIN and MAGNOVISION application. Vision
improved from 65 letters to 95 letters.

Macular telangiectasia Type 1: Type 1 may be defined as an acquired capillary ectasia (a
focal expansion or outpouching) and dilation in the parafoveal region, leading to
vascular incompetence. Telangiectatic vessels develop micro-aneurysms that leak fluid,
blood, and occasionally, lipid. Macular telangiectasia type 1 has been called as a variant
of Coats' disease. Pathophysiology: Pericyte loss in macular capillaries, progressive
vision loss with dilatation and exudation.

PRP: A source of autologos growth factors and neurotrophins. PRP is the exosomes of
bone marrow stem cells in peripheral blood. For PRP to be effective in retinal diseases,
cooler centrifugal device and Magnovision electromagnetic iontophoresis device must
be used.

To prevent denaturation of peptides in PRP content, PRP process must be at +4
Cantigrade, in citrated sterile PRP tubes and 8 minutes 4000 rpm with refrigerant
centrifuge device.

ERITROPOETIN: It is a growth factor that stimulates Erythropoiesis and Neurogenesis in
the retina.

MAGNOVISION: electromagnetic iontophoresis device is mandatory for the transport of
subtenon PRP content from scleral pores to the choroidal matrix and then to the
subretinal area by tyrosyn kinase receptors.
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PHOTIC RETINOPATHY: 11 yo male patient, who had decreased vision after LASER
POINTER exposure. Anatomical and functional improvement was observed after 3
sessions of subtenon PRP + Erythropoietin + MAGNOVISION once a month. Vision
improved from 60 ETDRS letters to 110 letters.

PRP: A source of autologos growth factors and neurotrophins. PRP is the exosomes of
bone marrow stem cells in peripheral blood. For PRP to be effective in retinal diseases,
cooler centrifugal device and Magnovision electromagnetic iontophoresis device must
be used.

To prevent denaturation of peptides in PRP content, PRP process must be at +4
Cantigrade, in citrated sterile PRP tubes and 8 minutes 4000 rpm with refrigerant
centrifuge device.

ERITROPOETIN: It is a growth factor that stimulates Erythropoiesis and Neurogenesis in
the retina.

MAGNOVISION: electromagnetic iontophoresis device is mandatory for the transport of
subtenon PRP content from scleral pores to the choroidal matrix and then to the
subretinal area by tyrosyn kinase receptors.
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ADULT VITELLIFORM DYSTROPHY: Anatomical and functional improvement was
observed after subtenon PLATELET RICH PLASMA (PRP) and MAGNOVISION application.
Vision improved from 50 letters to 80 letters.

PRP: A source of autologos growth factors and neurotrophins. PRP is the exosomes of
bone marrow stem cells in peripheral blood. For PRP to be effective in retinal diseases,
cooler centrifugal device and Magnovision electromagnetic iontophoresis device must
be used.

To prevent denaturation of peptides in PRP content, PRP process must be at +4
Cantigrade, in citrated sterile PRP tubes and 8 minutes 4000 rpm with refrigerant
centrifuge device.

MAGNOVISION: electromagnetic iontophoresis device is mandatory for the transport of
subtenon PRP content from scleral pores to the choroidal matrix and then to the
subretinal area by tyrosyn kinase receptors.



Case 26

BEST VITELLIFORM DYSTROPHY: Anatomical and functional improvement was observed
after WHARTON JELLY DERIVED MESENCHYMAL STEMCELL (WJ-MSC) and
MAGNOVISION application. Vision improved from 70 letters to 95 letters.

WJ-MSC: A source of allogenic growth factors and neurotrophins.

MAGNOVISION electromagnetic stimulation device stimulates the WJ-MSCs in the
subtenon space. Magnovision increases exosome degranulation of WJ-MSCs. Exosomes
contain growth factors and neurotrophins. Electromagnetic iontophoresis is mandatory
for the transport of growth factors and neurotrophins from the scleral pores to the
coroidal matrix and then to the subretinal region by tyrosin kinase receptors.
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BEST VITELLIFORM DYSTROPHY: Anatomical and functional improvement was observed
after WHARTON JELLY DERIVED MESENCHYMAL STEMCELL (WJ-MSC) and
MAGNOVISION application. Vision improved from 50 letters to 70 letters.

PRP: A source of autologos growth factors and neurotrophins. PRP is the exosomes of
bone marrow stem cells in peripheral blood. For PRP to be effective in retinal diseases,
cooler centrifugal device and Magnovision electromagnetic iontophoresis device must be
used.

To prevent denaturation of peptides in PRP content, PRP process must be at +4
Cantigrade, in citrated sterile PRP tubes and 8 minutes 4000 rpm with refrigerant
centrifuge device.

MAGNOVISION: electromagnetic iontophoresis device is mandatory for the transport of
subtenon PRP content from scleral pores to the choroidal matrix and then to the
subretinal area by tyrosyn kinase receptors.
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SUBMACULAR HEMORRHAGE secondary to blunt eye trauma healed without sequelae
with the application of subtenon PLATELET RICH PLASMA (PRP) + ALTUZAN +
MAGNOVISION.

PRP: A source of autologos growth factors and neurotrophins. PRP is the exosomes of
bone marrow stem cells in peripheral blood. Citrate in PRP provides liquefaction of the
coagulum. Growth factors increase the rate of phagocytosis of the retinal pigment
epithelium. Neurotrophins prevent the toxicity of photoreceptors from iron in
hemoglobin. For PRP to be effective in retinal diseases, cooler centrifugal device and
Magnovision electromagnetic iontophoresis device must be used. To prevent
denaturation of peptides in PRP content, PRP process must be at +4 centrigrade, in
citrated sterile PRP tubes and 8 minutes 4000 rpm with refrigerant centrifuge device
MAGNOVISION: Electromagnetic iontophoresis device is mandatory for the transport of
subtenon PRP content from scleral pores to the choroidal matrix and then to the
subretinal area by tyrosyn kinase receptors.

ALTUZAN: is the Anti VEGF molecule that allows the bleeding to be withdrawn quickly.
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SUBHYALOID HEMORRHAGE secondary to Valsalva maneuver during normal vaginal
delivery healed without sequelae with the application of subtenon PLATELET RICH
PLASMA (PRP) + ALTUZAN + MAGNOVISION.

PRP: A source of autologos growth factors and neurotrophins. PRP is the exosomes of
bone marrow stem cells in peripheral blood. Citrate in PRP provides liquefaction of the
coagulum. Growth factors increase the rate of phagocytosis of the retinal pigment
epithelium. Neurotrophins prevent the toxicity of neurons from iron in hemoglobin. For
PRP to be effective in retinal diseases, cooler centrifugal device and Magnovision
electromagnetic iontophoresis device must be used. To prevent denaturation of
peptides in PRP content, PRP process must be at +4 centrigrade, in citrated sterile PRP
tubes and 8 minutes 4000 rpm with refrigerant centrifuge device

MAGNOVISION: Electromagnetic iontophoresis device is mandatory for the transport of
subtenon PRP content from scleral pores to the choroidal matrix and then to the
subretinal area by tyrosyn kinase receptors.

ALTUZAN: is the Anti VEGF molecule that allows the bleeding to be withdrawn quickly.



Case 30

METHYL ALCOHOL TOXIC OPTIC NEUROPATHY: In the case we applied MAGNOVISION
and Wharton Jelly Derived Mesenchymal Stemcell (WJ-MSC) after early dialysis, ethyl
alcohol, erythropoetin, B1, B6, B12, Folic acid administration in the intensive care unit,
visual functions returned significantly. MAGNOVISION and WJ-MSC can give good
results when applied within the first 3 months after methyl alcohol intoxication.

WIJ-MSC: A source of allogenic growth factors and neurotrophins.

MAGNOVISION: Electromagnetic stimulation and iontophoresis device. Accelerates
neurotransmission and synaptic transmissions by activating ion channels with
neuromodulation. Electromagnetic stimulation device also stimulates the WJ-MSCs in the
subtenon space. Magnovision increases exosom degranulation of WJ-MSCs. Exosomes
contain growth factors and neurotrophins. Electromagnetic iontophoresis is mandatory
for the transport of growth factors and neurotrophins from the scleral pores to the
choroidal matrix and then to the subretinal region by tyrosin kinase receptors.
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postCOVID OPTIC NEUROPATHY: Post-COVID endotheliitis and microthrombi can cause
optic neuropathy and vision loss. Improvements were observed in visual acuity, visual
field and patternERG after allogeneic platelet rich plasma (PRP) + Eritropoetin +
MAGNOVISION application.

PRP: A source of autologos growth factors and neurotrophins. PRP is the exosomes of
bone marrow stem cells in peripheral blood. Citrate in PRP provides liquefaction of the
microthrombi. Growth factors and Neurotrophins prevent the ganglion cells and optic
nerve axons from ischemia-reperfusion damage. Because of COVID antibodies
circulating in the blood, PRP must be applied allogeneically, not autologously.

For PRP to be effective in retinal diseases, cooler centrifugal device and Magnovision
electromagnetic iontophoresis device must be used. To prevent denaturation of
peptides in PRP content, PRP process must be at +4 centrigrade, in citrated sterile PRP
tubes and 8 minutes 4000 rpm with refrigerant centrifuge device

ERITROPOETIN: It is a growth factor that stimulates Erythropoiesis and Neurogenesis in
the retina.

MAGNOVISION: Accelerates neurotransmission and synaptic transmissions by activating
ion channels with neuromodulation. Electromagnetic iontophoresis device is mandatory
for the transport of subtenon PRP content from scleral pores to the choroidal matrix
and then to the subretinal area by tyrosyn kinase receptors.
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ABSTRACT

Introduction: To investigate the efficacy of
retinal electromagnetic stimulation and sub-
tenon autologous platelet-rich plasma in the
treatment of deep retinal capillary ischemia.

Methods: The study included 28 eyes of 17
patients aged 15-76 years (mean 37.9 years)
who had deep retinal capillary ischemia.
Patients who had acute-onset paracentral sco-
toma in the last 1 month were included in the
study between January 2018 and January 2019.
The diagnosis of deep retinal capillary ischemia
was based on clinical history and typical find-
ings of optical coherence tomography angiog-
raphy. The eyes were divided into three groups:
group 1 (n=7 eyes) received electromagnetic
stimulation alone; group 2 (n = 7 eyes) received
electromagnetic stimulation and sub-tenon
autologous platelet-rich plasma injection; group
3 had no intervention and served as a control
group (n = 14 eyes). The patients underwent ten
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sessions of electromagnetic stimulation in
groups 1 and 2. Sub-tenon autologous platelet-
rich plasma injection was performed immedi-
ately after the first, fifth, and tenth sessions of
electromagnetic stimulation in group 2. The
deep retinal capillary density and best corrected
visual acuity changes were investigated before
and after treatment at the first month.
Results: The mean deep retinal capillary den-
sity was 52.0% before electromagnetic stimula-
tion and 56.1% after ten sessions of application
in group 1; this improvement was statistically
significant (p = 0.01). In the combined treat-
ment group (group 2), the mean deep retinal
capillary density was 46.9% before the treat-
ment and 56.5% after the treatment; this
increase was also statistically significant (p
= 0.01). Statistically significant best corrected
visual acuity improvement (p = 0.01) could be
achieved only in group 2. The combined treat-
ment was significantly superior (p \ 0.01) to
treatment with only electromagnetic stimula-
tion regarding best corrected visual acuity and
deep retinal capillary density. In the control
group (group 3), there was no statistically sig-
nificant change (p = 0.09) in the mean deep
retinal capillary density and best corrected
visual acuity.

Conclusion: Treatment of the underlying cause
is a priority in the treatment of deep retinal
capillary ischemia. However, in the acute per-
iod, local ischemia treatment is necessary to
prevent permanent retinal damage and
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scotomas. In mild cases, only electromagnetic
stimulation, which is non-invasive and easy to
use, might have a beneficial effect on deep
retinal capillary density. In more severe cases,
sub-tenon fresh autologous platelet-rich plasma
injection together with electromagnetic stimu-
lation may be more effective in the treatment of
local ischemia of the retina in order to augment
the response.

Funding: The Rapid Service Fees were funded
by the Ankara University Tecnopolis Institute.
Clinical Trial Registration: titck.gov.tr identi-
fier, 2018-136.

Keywords: Acute macular neuroretinopathy;

Deep retinal capillary ischemia;
Electromagnetic stimulation; = Magnovision;
Ophthalmology; Paracentral acute middle

maculopathy; Platelet-rich plasma

INTRODUCTION

Deep retinal capillary ischemia (DRCI) is a
recently described entity in patients presenting
with an acute-onset paracentral scotoma. Sub-
clinical macular lesions of DRCI were formerly
best visualized on near-infrared reflectance
imaging. The development of optical coherence
tomography angiography (OCTA) has facili-
tated studies of the retinal capillary structures
[1]. The multiplanar superficial capillary plexus
is located in the inner plexiform layer (IPL) and
contains synapses between bipolar and gan-
glion cells as well as amacrine cells [2, 3]. The
deep capillary plexus (DCP) is located in the
outer plexiform layer (OPL), which is thinner
than the IPL. The DCP is composed of synapses
of photoreceptors, bipolar cells, and horizontal
cells [2]. This area is also at the border of the
oxygen diffusion from the choroid [4]. It is
likely that the oxygen coming from the choroid
has been completely consumed by the pho-
toreceptors because of the low partial pressure
of oxygen level in the outer nuclear layer (ONL).
The DCP supplies both the bipolar cells and the
synaptic structure of the OPL and Henle fibers
[4].

Deep retinal capillary ischemia is an
ischemic event in the middle and deep layers of

the retina due to various systemic or local vas-
cular pathologies. It is obvious in the intrareti-
nal hyper-reflective bandlike zone located
superior or inferior to the OPL conjointly on a
structural cross-sectional B-scan of the spectral
domain optical coherence tomography (SD-
OCT) examination along with an acute-onset
paracentral scotoma and subjective complaints
of the patient [5]. Ophthalmologists often face a
significant diagnostic challenge because of a
lack of noticeable changes in the appearance of
the retina.

Deep retinal capillary ischemia has two dif-
ferent appearances on B-scan SD-OCT exams
according to the level of the involved DCP. If
the hyper-reflective bandlike zone is located on
the outer plexiform layer—inner nuclear layer
(OPL-INL) junction, then it is termed paracen-
tral acute middle maculopathy (PAMM) or
type 1 deep retinal capillary ischemia. If the
hyper-reflective band is seen on the OPL-ONL
junction, then it is termed type 2 deep retinal
capillary ischemia. This might be a new variant
of acute macular neuroretinopathy (AMN).
These intraretinal hyper-reflective zones are
seen as patchy areas of various patterns on en
face OCT image, and atrophic areas in the inner
and the outer nuclear layer, respectively, are
developed in the late stage of the diseases [6-9].
The pathophysiologic features of DCP ischemia
are considered to be ischemic hypoxia leading
to cell death with swelling of the middle retinal
tissues. This may lead to severe vision loss and
permanent paracentral scotoma depending on
the underlying cause and depth of ischemia [10-
17]. It can also be observed by slowing
metabolic activity in photoreceptors and neural
retina. The metabolic slowdown is defined as a
dormant phase in photoreceptors and OFF
mode in the neural retina [18-20].

The retinal deep capillary plexus is a single
monoplanar capillary plexus located in the
OPL. It has the lowest vessel density —this is a
significant finding that might be used to eval-
uate retinal vascular diseases accurately [21]. For
this reason, the changes in the percentage of the
vessel density in DCP during the follow-up were
preferred as an assessment parameter of the
treatment modalities used in this prospective
clinical study.
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Platelets are anucleated cells that contain
many types of growth factors including platelet-
derived growth factor (PDGF), transforming
growth factor beta (TGF-b), vascular endothelial
growth factor (VEGF), and epidermal growth
factor (EGF) in alpha granules [22-25]. Thus, the
supplementation of growth medium with
autologous platelet-rich plasma (aPRP) could be
desirable for clinical applications and could lead
to some functional improvement [26].

High-frequency repetitive electromagnetic
stimulation (rEMS) has promising therapeutic
potential in ischemic neurological patients. The
rationale of rEMS is that it modulates neural
excitability and increases neural plasticity; thus,
it improves the functional outcome [27-29].
These neuroprotective effects of rEMS are
dependent on the increase in the level of brain-
derived neurotrophic factor (BDNF), VEGF, and
increased tyrosine kinase A, B, and C (TrkA,
TrkB, and TrkC) receptor activation [29, 30].
Therefore, high-frequency rEMS might be a
promising therapeutic strategy for ischemic
retinal disorders such as DRCI [31, 32].

There is no known and proven specific
treatment for DRCI to date except for systemic
checkups and treatment of the underlying dis-
eases or predisposing factors. The aim of this
preliminary clinical study is to investigate the
efficacy of high-frequency rEMS alone or in
combination with sub-tenon fresh aPRP as a
treatment modality in the treatment of DRCI.
To the best of our knowledge, this is the first
prospective clinical trial on this subject in the
ophthalmic literature.

METHODS

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) as well as and Review Board of the Drug and
Medical Device Department within the Turkish
Ministry of Health (2018-136). These commit-
tees had already approved the aPRP work (12-
595-16 and 16-AKD-30). The study was per-
formed in accordance with the tenets of the 1964
Declaration of Helsinki. Written informed

consent was obtained from the patients prior to
enrollment.

This prospective, open-label preliminary
clinical trial was conducted between January
2018 and January 2019 at Ankara University
Faculty of Medicine, Department of Ophthal-
mology. The study included 28 eyes of 17
patients who had either type 1 or type 2 DRCI
with some coexisting relevant ocular symp-
toms. The preliminary diagnosis was based on
the clinical history, patients’ complaints, and
typical appearance of hyper-reflective band on
the structural cross-sectional B-scan SD-OCT.
All patients enrolled in this study underwent a
complete routine ophthalmic examination
including best-corrected visual acuity (BCVA)
measurement with the ETDRS chart (Topcon
CC 100 XP, Japan). The patients were further
evaluated with OCTA to confirm the diagnosis
of DRCI (RTVue XR “Avanti”, Optovue, Fre-
mont, CA, USA), which provides a typical mul-
timodal imaging platform. The vessel densities
(in percent) of deep capillary plexus before and
after the treatments or in the control group at
baseline and last examination were measured
with the “AngioAnalytic” feature of the OCTA
device. To compare the percentage of the vessel
densities precisely during follow-up, the “Link-B
Scans” button on the screen was activated so
that the exact same segmentation planes of the
DCP could be compared. The OCTA device
automatically calculated and displayed the
vessel density maps as follow-up sequences
(Angio Retina multiscan view) and trend
analysis.

Subjects

We enrolled patients complaining of blurred
vision and/or acute-onset paracentral scotoma
during the last month without any visible fun-
dus change along with typical SD-OCT and
OCTA findings.

Patients were excluded from the study if one
of the following was found:

— The presence of noticeable changes in the
fundus examination

- Any optic media opacity that may cause
artifacts on OCTA images and interfere with
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quantitative measurements of the DCP ves-
sel density

- Complaining of paracentral scotoma lasting
more than 1 month (in order to exclude
chronic changes in the retinal tissue)

— Presence of atrophic changes in INL or ONL
on cross-sectional B-scan SD-OCT

The total number of 28 eyes (17 patients) with

DRCI were enrolled into three groups
according to the BCVA and treatment
approach(s):

Group 1: Comprised patients having fairly
good BCVA (92 or better letters,
ETDRS) and acute-onset paracentral
scotoma(s). Because of non-invasive
and easy-to-use features, only rEMS
was preferred as the initial step. It
was applied to 7 eyes on 10
consecutive days with a specifically
designed helmet producing and
applying electromagnetic
stimulation to the retina without
touching the scalp or the eyelids.

Group 2: Comprised patients having decreased
BCVA (89 or worse letters, ETDRS)

and acute-onset paracentral
scotoma(s). In those seriously
affected patients, in order to

augment the effect of the rEMS,
sub-tenon aPRP injection was
added. rfEMS was applied to 7 eyes
on 10 consecutive days. In addition,
the eyes were injected with sub-
tenon fresh aPRP on days 1, 5, and

10.
Group 3: Comprised patients who refused to
receive either rEMS or aPRP

therapies with various BCVA and
acute-onset paracentral scotoma(s).
These eight patients’ 14 eyes served
as control group, and existing
systemic disorder(s) were consulted
and treated accordingly.

In all of the three groups, BCVA and vessel
density measurements were done at baseline
and on the first month. In the treatment groups,
at baseline, therapies were given just after
the measurements. There was an

observation period without any intervention
between day 10 and the first month.

Preparation and Injection of Autologous
Platelet-Rich Plasma

We used the single-spin protocol for preparing
aPRP. About 20 ml of blood was drawn from the
patient’s antecubital vein and inserted into two
10-ml Vacutainer tubes that contain trisodium
citrate (T-LAB PRP Kit, T-Biyoteknoloji, Bursa,
Turkey). These tubes were placed in a refriger-
ated (? 4 °C) centrifuge (Niive NF 1200R, Niive
Laboratuar Teknolojileri, Ankara, Turkey) and
spun at 2500 rpm (580 9 g) for 8 min within 30
min of collection. Three different layers
formed in the tubes: red blood cells at the bot-
tom, platelet-rich plasma in the middle, and
platelet-poor plasma in the top layer. A total of
1.5 ml of the middle layer (which mainly con-
tained platelets) was withdrawn by syringe and
immediately injected into the sub-tenon space
of each eye after topical anesthesia with
proparacaine hydrochloride (Alcaine, Alcon,
USA) drops.

The preparation and injection of the PRP
were performed by the same ophthalmologist
(UA) under topical anesthesia and sterile con-
ditions. The subjects were asked to look in an
inferonasal direction, and the 1.5-ml injection
of aPRP was performed under the tenon space in
the superotemporal quadrant using a 25-gauge
needle. This site was preferred for injection
because of its easy access and relatively wide
absorption area [26].

Retinal Electromagnetic Stimulation

A high-frequency rEMS protocol has been
defined in the literature [31, 32] and was
applied in groups 1 and 2 via a novel device
developed specifically for ophthalmic usage
(Magnovision™, Bioretina Biyoteknoloji AS,
Ankara,Turkey). The patients underwent ten
consecutive sessions of rEMS application.
Parameters for the treatment were 42 Hz fre-
quency, 30 min of duration, and mild operating
cycle. The power of the electromagnetic field
was 2000 mG, which is a very low dose and
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Table 1 General characteristics of the groups according to the interventions (n = 28 eyes of 17 patients)

Intervention Gender (female/male) Mean age (years) (range) Follow-up (months)
Group 1 (n=7) tEMS 4/3 34.1 (15-74) 1
Group2(n=7) tEMS ?aPRP 4/3 40.8 (15-70) 1
Group 3 (n = 14) No ocular treatment’ 4/4 38.8 (17-75) 1

rEMS repetitive electromagnetic stimulation of the retina, aPRP autologous platelet-rich plasma injection into sub-tenon
space immediately after first, fifth, and tenth sessions of rEMS application in group 2

* Therte is no local or regional treatment. If any undetlying systemic disease was detected, then it was treated accordingly

within the safety limits of World Health Orga-
nization [33, 34]. In group 2, sub-tenon aPRP
injections were also performed immediately
after the first, fifth, and tenth sessions of rEMS
application.

Statistical Analysis

The changes in deep retinal capillary density
(DRCD) and BCVA before and after the inter-
ventions were compared. Statistical analysis was
performed using SPSS for Windows (v.22, IBM
Corp., Armonk, NY, USA). The results were
presented as the mean + standard deviation.
The differences in the vessel density and BCVA
in each group were analyzed using the Wil-
coxon signed rank test. A Mann—-Whitney U test
analysis was also performed to determine the
vessel density and BCVA changes between the
groups. In this study, p values smaller than 0.05
were considered to be statistically significant.

The primary outcome measure of the study is
to assess the therapeutic effect of the electro-
magnetic stimulation alone or combined with
sub-tenon aPRP in cases with DRCI via a com-
parison of the BCVAs and vessel densities of
DCPs. The secondary outcome measure is to
assess whether a combined application of rEMS
and aPRP has a better outcome versus the
application of rEMS alone.

RESULTS

Of the 17 patients, 9 were male and 8 were
female: their mean age was 37.9 years (range
15-76 years). The mean age was 34.1 (15-74) in
group 1, 40.8 (15-76) in group 2, and 38.8

(17-75) in group 3 (Table 1). Gender ratios and
age ranges were comparable in the three groups.

DRCDs (%) and BCV As before and after the
treatment modalities were displayed in Table 2
according to demographic characteristics and
medical status in group 1 and group 2 (total 14
eyes of 9 patients). The demographic charac-
teristics, medical status, and initial and last
values of BCVAs and DRCDs (%) without any
ocular treatment in group 3 (control group) are
listed in Table 3. The distribution of the 17
patients and 28 eyes according to the applied
treatments was as follows:

- 5patients:received rEMSinoneeye, TEMS ?
aPRP in the other eye (total ten eyes)

— 2 patients: received rEMS in one eye (total
two eyes)

- 2patients: received rEMS ?aPRP in one eye
(total two eyes)

— 8 patients: 14 eyes served as control group
without any ocular treatment

The mean DRCD was 52.0% before rEMS and
56.1% after ten sessions of application in group
1; this improvement was statistically significant
(p = 0.01) (Fig. 1). In the combined treatment
group (group 2), the mean DRCD was 46.9%
before the treatment and 56.5% after the treat-
ment; this increase was also statistically signifi-
cant (p = 0.01) (Fig. 2). Statistically significant
BCVA improvement (p = 0.01) could be
achieved only in group 2 (Table 4).

In the control group (group 3), the mean
DRCD was 52.7% before the treatment and
50.3% after the treatment; this change was sta-
tistically not significant (p = 0.09) (Fig. 3).
BCVA changes (p=0.99) were statistically not
significant in group 3 (Table 4).
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Table 2 Demographic characteristics and medical status of the treated patients, treatment modalities, and evaluated

parameters
Patient no. Age/gender Medical status Eye (n = 14) Treatment DRCD BCVA
Before After Before After
I 21 F Pernicious anemia R PRP ?rEMS 51.0 61.0 65 105
L rEMS 486 523 65 100
2 40M Renal hypertension R rEMS 55.0 584 95 100
3 I5F Atrial septal defect R rEMS 533 555 65 95
L PRP ?rEMS 450 556 50 95
4 33M Thoracic trauma R rEMS 53.8 582 105 105
L PRP ?rEMS 51.1 59.6 100 105
5 20F Oral contraceptive R PRP ?rEMS 52.1 61.6 100 105
L rEMS 539 6l1.1 105 105
6 74 F Cardiac arrhythmia R rEMS 422 448 95 95
L PRP ?rEMS 428 492 89 95
7 36 M Head trauma R rEMS 572 623 105 105
8 47 M Retinal detachment surgery L PRP ?rEMS 39.7 523 50 70
9 76 M Retinal detachment surgery R PRP ?rEMS 46.9 559 50 65

Follow-up | month. Treatment group composed of groups | and 2, 14 eyes of 9 patients
DRCD deep retinal capillary density (%), BCVA best corrected visual acuity (ETDRS letters)

The combined treatment with rEMS and
aPRP was significantly superior (p \ 0.01) to
treatment with only rEMS regarding BCVAs and
DRCDs improvements.

There were no adverse events or complaints
related to application of either electromagnetic
stimulation or aPRP.

DISCUSSION

Deep retinal capillary ischemia can occur con-
comitantly with vascular occlusive events
including cardiac arrhythmia, embolus, throm-
bus, inflammatory or traumatic vessel wall
damage, and vasospasm [8-13]. Additional
possible associations have been described such
as dengue fever, anemia, ulcerative colitis,
thrombocytopenia, lupus, and leukemia [14-
17]. Deep retinal capillary ischemia may be
acute or acute exacerbations of a chronic

process such as severe anemia, chronic hyper-
tension, arteriovenous malformations, vitamin
B12, or vitamin D deficiency [9]. In both acute
and acute exacerbations of chronic conditions,
the patient describes a sudden onset of para-
central scotoma and a deterioration in visual
quality. This can lead to infarcts in the neural or
sensory retina [6]. In some cases, visual acuity
measurements may be complete, but the
patient can complain of visual disturbances
with a normal appearing fundus. Therefore,
correct and early diagnosis might be challeng-
ing in many cases. In these suspected cases,
careful B-scan SD-OCT assessment is necessary
to see if there is a hyper-reflective bandlike zone
above or below the OPL. We can detect the
pathognomonic findings in the deep capillary
plexus slab of the OCTA.

In retinal large vessel obstruction, capillary
reperfusion may never occur, causing severe
acute impairment of flow within the DCP. But
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Table 3 Demographic characteristics and medical status of the control group (group 3) and evaluated parameters (com-

posed of 14 eyes from 8 patients)

Patient no. Age/gendet Medical status Eye (n = 14) DRCD BCVA
Initial Last Initial Last
I 17 F Talassemia minor R 49.1 473 80 80
L 48.2 47.6 80 80
2 39M Cardiac arrhythmia R 48.6 473 105 105
L 47.8 46.8 105 105
3 21 F Oral contraceptive R 56.1 479 74 74
L 55.3 49.8 74 74
4 75F Hypertensive attack R 50.6 43.1 100 100
L 51.8 49.0 100 100
5 412M Uncontrolled hypertension R 57.9 57.6 105 105
L 57.9 57.6 105 105
6 37M Head trauma L 59.8 587 105 105
7 71M Uncontrolled hypertension R 479 47.6 105 105
8 24 F Oral contraceptive R 52.8 51.4 105 105
L 53.7 52.6 105 105

Follow-up | month. Control group did not receive any local/regional therapy, only systemic disorder was treated
DRCD deep retinal capillary density (%), BCVA best corrected visual acuity (ETDRS letters)

in cases with DRCI, the pathogenesis may be
related to ischemia-reperfusion injury. Ische-
mia disappears with persistent capillary flow in
some focal acute lesions, and reperfusion occurs
together with low grade inflammation damag-
ing the retina. With time, hyper-reflective ban-
dlike zone disappears, and subsequent atrophy
of middle retinal layers associated with perma-
nent loss of the DCP is seen [13, 35].

When nutritional and microenvironmental
balance is disrupted, retinal neurons and pho-
toreceptors develop a condition called dormant
phase or OFF mode. At this stage, the cells are
viable but dysfunctional. If local ischemia and
unstable microenvironment persist for a long
time, oncosis occurs. Oncosis is the swelling and
permanent death of cells by taking up fluid.
Regulation of the local ischemia and inflam-
matory cytokines before the development of
oncosis allows the cells in dormant phase (sleep

mode) to switch to the active phase (ON mode)
[18-20].

In the case of DRCI, the underlying systemic
risk factors should be investigated and treated
urgently to prevent the development of per-
manent scotomas and vital systemic events.
There is no proven treatment for DRCI yet
except for treating and/or controlling the
underlying systemic cause(s). We hypothesized
that in mild cases with rEMS, in more severe
cases with combined therapy (in order to aug-
ment the therapeutic effect of the rEMS, the
aPRP therapy was added), it might be possible to
increase the capillary flow and suppress and
regulate the associated inflamation. Indeed, our
favorable findings in terms of DRCD and BCVA
supported our hypothesis significantly.

The preclinical and clinical use of aPRP in
ophthalmology has encouraged practitioners to
use it through sub-tenon injection in the treat-
ment of some retinal diseases [26]. Platelets are
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Fig. 1 DRCD and BCVA changes before and after only
Magnovision therapy. Hyper-reflective band in ONL
connected with OPL disappeared after the therapy without

part of the blood and contain more than 5000
proteins. About 300 of the contained proteins—
especially growth factors and cytokines—are
released upon activation [23-25]. Through the
sub-tenon injection of aPRP, the release of
cytokines, chemokines, and growth factors
induces proliferation and activation of repara-
tive cells [23-26]. The level of neurotrophic
growth factors may be increased in the
microenvironment around the photoreceptors
to potentially reactivate photoreceptors that are
in sleep mode [26].

It is known that growth factors can pass
through the sclera via activation of tyrosine
kinase (Trk) receptors, which are commonly
found around the limbus, uveoscleral tract,
muscle insertions, and optic nerve [36-39].
Molecules smaller than 75kDa can pass pas-
sively through the sclera to the subretinal space.
Larger proteins can pass through the sclera by
changing the electrical charges by means of the
electrical/electromagnetic iontophoresis. These
various molecules in the subretinal space acti-
vate the cells in the dormant phase [40-44].

Right / 0D

any atrophy (arrows) (Table 2—Patient 2, DRCD 55% to
58.4%/BCVA 95 to 100 ETDRS letters)

The effects of rEMS on local ischemia include
increased tissue perfusion, synthesis of growth
factors, and enhanced Trk receptor activities
[27-32]. The synthesis and affinity of Trk
receptors also increase with EMS [29]. Repetitive
magnetic stimulation has been used in neuro-
logical studies for more than 30 years and
magnetotherapy for eye diseases for more than
20 years. The two main effects of this treatment
modality make it efficient in the treatment of
these disease. The first effect is that it increases
the capillary blood flow in the neural tissues.
The second effect is that it increases the affinity
and activity of growth factor-tyrosine kinase
receptors; and it accelerates the effect of growth
factors responsible for tissue reparation [31,
32, 45-49]. Electromagnetic stimulation alone
or together with aPRP applications might be
used in cases with DRCI similar to the
treatment of ischemic neurologic conditions
[29, 30]. Here, we used the MagnovisionTM for
electromagnetic stimulation of the retina, optic
nerve, and visual pathways similar to the
ischemic neurologic diseases. This is a novel
device designed specifically for ophthalmic
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Fig. 2 DRCD and BCVA changes before and after

combined sub-tenon PRP 7 Magnovision therapy.
Hyperr-eflective band in OPL disappeared after the

therapy without any atrophy (arrows) (Table 2—Patient
6, DRCD 42.8% to 49.2%/BCVA 89 to 95 ETDRS

letters)

Table 4 Deep retinal capillary density and best cotrected visual acuity changes in three groups (n = 28 eyes of 17 patients)

Group DRCD p BCVA p
Initial Last Initial Last

1 tEMS alone (n = 7) 52.0£5.5 56.1 - 6.0 0.01* 90.7 £4.13 100.7 £4.5 0.14

2 tEMS ?aPRP (n = 7) 469+ 4.7 565 - 4.6 0.01* 72.0£13.6 93.6-134 0.01*

3 Control (n = 14) 52.7+ 4.2 50.3 £ 4.7 0.09 96.3+12.9 96.3+12.9 0.99

Follow-up 1 month. Control group did not receive any local/regional therapy; only systemic disorder was treated
DRCD deep retinal capillary density (%), BCVA best corrected visual acuity (ETDRS letters), rEMS repetitive electro-

magnetic stimulation, aPRP autologous platelet-rich plasma
*Statistically significant changes displayed as bold

applications. It is a safe, non-invasive, and easy-
to-use treatment without any adverse effects.
The coils that yield electromagnetic fields are
mounted in the helmet without any points
touching the head skin or face. The electro-
magnetic field at the tissue level is significantly
below the safety limit specified by the World
Health Organization [33, 34].

Deep retinal capillary density has become a
reliable and important follow-up parameter
with improved image resolution, software, and
artifact-removal programs in OCTA devices. We
preferred to use the DRCD percentage together
with visual acuity measurement with ETDRS
logMAR chart for the assessment of the treat-
ment efficacy over control groups in this trial.
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Fig. 3 Patient did not receive any ocular therapy, and only
a systemic disorder was treated. Hyper-reflective bandlike
zone persisted during the follow-up (arrows). There was no

Because these are the most reliable and sensitive
methods for comparing follow-up parameters
[21, 50].

Here, BCVA could be significantly increased
with combined therapy of rEMS and aPRP in
group 2 versus only application of rEMS in
group 1. The PDGFb/PDGFRb pathway is criti-
cally important for the expansion of the peri-
cyte migration along growing vessels, and
various signaling pathways are also involved in
angiogenesis [23-25]. In our study, the per-
centage of DRCDs increased significantly after
the treatment modalities in groups 1 and 2.
After stimulating these pathways and increasing
the various growth factors in the microenvi-
ronment by just rEMS or combined with aPRP.
However, significant improvement in BCVA
could be achieved only with combined treat-
ment (rEMS ?aPRP). Regarding the efficacy of
the treatment modalities (only rEMS versus
rEMS ?aPRP) on the BCVA and vessel density
of DCP, the combined treatment approach was

o -

T

SIS LS

any improvement in DRCD and BCVA (Table 3—
Patient 4, DRCD 50.6% to 43.1%/BCVA 100 to 100
ETDRS letters)

significantly superior to treatment with only
rEMS. There was no significant improvement in
DRCD and BCVA in patients who had no
intervention. In this group, only the systemic
treatments for the underlying cause were initi-
ated by the relevant experts. During this study,
we did not encounter any adverse effects,
patient complaint, or discomfort with noise or
heating.

This prospective preliminary clinical trial has
several limitations. The control group of the
study comprised the patients with various
BCVA who refused to receive either TEMS or
aPRP therapies. Since DRCI is a recently descri-
bed entity, it was difficult to establish a more
homogenous control group. We did not differ-
entiate between type 1 and type 2 deep retinal
capillary ischemia; both types were included.
The follow-up period was 1 month; therefore,
other studies are needed to investigate the long-
term results and establish the optimal treatment
protocol. In cases with cataract and/or other
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optic media opacities, the measurement of the
vessel density in DCP might be affected leading
to an inaccurate result. We did not study the
visual field involvement and its changes with
the treatment modalities because it was not
possible to show the visual field changes for
comparison in every case. We could not evalu-
ate the different treatment parameters of the
new Magnovision device; these are subject to
another trial.

CONCLUSION

Improved diagnosis of deep retinal capillary
plexus ischemia can be achieved by considering
the presence of acute-onset visual symptoms
without visible fundus changes as well as hyper-
reflective bands around the OPL. With systemic
checkup, it is possible to detect the serious sys-
temic diseases that may cause vital events. In
mild cases, only rTEMS (which is non-invasive
and easy-to-use) might have beneficial effects
on deep retinal capillary density. In more severe
cases, sub-tenon fresh aPRP injection together
with TEMS may be more effective in the treat-
ment of local ischemia of the retina in order to
augment the response and prevent permanent
retinal damage and scotomas.
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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 groupl,
— 2.85% in group 2, and - 9.36% in group 3
(Dp1[2[3).Detected vertical ellipsoid zone
percentage changes were ?20.34% in group1,
— 3.05% in group 2, and - 9.09% in group 3
(Dp 1 [ 2L 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 (Dp 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.

Keywords: Electromagnetic stimulation;
Growth factors; lontophoresis; Magnovision;
Ophthalmology; Platelet-rich plasma; Retinitis
pigmentosa
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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. rTEMS also provides an
electromagnetic iontophoresis effect by
changing the electrical charges of the
scleral pores and the peptides.

Whatwaslearned 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 [5].
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 (5D-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]. rfEMS 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 Ilimbus, extraocular muscle
insertions, and the optic nerve [19]. Molecules
smaller than 75kDa can passively move from
the sclera to the suprachoroidal space. Electrical
or electromagnetic iontophoresis is required for
molecules larger than 75 kDa 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:

Group 1 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.

Group 2 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.

Group 3 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
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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 (MagnovisionTM, 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 (a= 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 groups1, 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
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Table 1 Demographic chatacteristics and follow-up patameters of group 1 (management with aPRP ? tEMS)

Patient no.  Age Sex Eye Horizontal EZW Vertical EZW Visual field FPDI BCVA
- Before  After  %Difference Before  After  %Difference Before After  Difference Before After

1 29 F R 3.56 3.83 ?7.6 4.62 4.84 248 45 52 ?7 110 110
L 4.21 4.34 ?3.1 3.36 3.41 2?15 43 45 ?2 110 110
2 37 M R 6.87 6.90 204 6.74 6.79 207 57 60 ?3 110 110
L 3.97 4.14 ?24.2 2.57 2.74 26.6 57 60 ?3 110 110
3 45 F R 2.58 2.84 ?10.1 1.90 2.06 2?84 39 42 ?3 100 100
L 2.32 3.02 ?30.2 2.17 2.30 26.0 37 43 ?6 100 100
4 38 M R 3.43 343 0 2.52 2.70 ?7.1 26 27 ?1 100 100
L 3.64 3.65 203 2.75 2.82 2?25 28 29 ?1 100 100
5 32 M R 4.01 4.00 -0.3 3.92 3.89 -0.8 48 46 -2 110 110
L 3.96 3.90 -15 3.88 3.82 -15 44 43 -1 100 100
6 36 F R 4.87 4.87 0 4.71 4.70 -0.2 49 49 0 110 110
L 491 4.90 -0.2 4.70 4.68 -04 50 49 -1 110 110
7 38 F R 7.01 7.16 221 7.10 7.12 203 65 67 ?2 110 110
L 7.03 7.20 2?24 7.13 7.21 ?1.1 66 70 2?4 110 110
8 27 M R 2.21 2.20 - 0.5 217 2.15 -0.9 38 36 -2 89 80
L 2.17 2.16 - 0.5 2.14 2.12 -0.9 37 36 -1 75 75
9 24 F R 2.76 2.71 -2.0 2.74 2.71 -1.1 41 39 -2 85 85
L 2.66 2.63 -1.1 2.69 2.61 - 2.6 40 39 -1 85 85
10 28 F R 2.61 2.60 -0.4 2.70 2.70 0 27 27 0 80 80
L 2.59 2.58 -1.2 2.34 2.31 -1.3 26 25 -1 80 80
11 31 M R 2.43 2.40 -1.2 2.38 2.37 -0.4 32 30 -2 75 75
L 2.40 2.40 0 2.38 2.37 -0.4 30 30 0 75 75
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Table 1 continued

Patient no.  Age Sex Eye Horizontal EZW Vertical EZW Visual field FPDI BCVA
Before  After  %Difference  Before  After  %Difference  Before  After  Difference Before  After
12 26 M R 1.24 1.20 -3.2 1.36 1.29 -5.1 38 36 -2 70 70
L 1.19 1.16 -25 1.20 1.18 -1.7 35 33 -2 70 70
13 20 F R 6.71 6.69 -0.3 6.70 6.68 -0.3 76 74 -2 110 100
L 6.56 6.56 0 6.49 6.48 -0.2 72 71 -1 110 100
14 23 F R 1.64 1.64 0 1.49 1.49 0 25 25 0 70 70
L 1.66 1.65 -0.6 1.38 1.37 -0.7 27 26 -1 70 70
15 49 M R 5.84 5.78 -1.1 5.91 5.89 -0.3 76 74 -2 110 110
L 5.77 5.73 -0.7 5.79 5.76 -0.5 72 70 -2 110 110
16 51 F R 498 4.96 -04 3.98 3.96 -0.5 68 67 -1 110 110
L 4.78 4.76 -0.4 4.00 3.98 -0.5 66 64 -2 110 110
17 30 M R 2.63 2.60 -1.1 2.46 2.44 -0.8 39 37 -2 85 85
L 1.99 1.94 -25 1.87 1.84 -1.6 34 32 -2 80 80
18 47 F R 0.95 0.95 0 1.02 1.00 -20 20 20 0 50 50
L 1.01 0.99 -2.0 1.12 1.10 -1.8 22 21 -1 65 65
19 22 F R 2.36 2.33 -1.3 1.98 1.96 -1.0 36 34 -2 89 89
L 1.90 1.88 -1.1 1.87 1.85 -1.1 32 31 -1 75 75
20 25 F R 1.56 1.53 -1.9 1.77 1.74 -1.7 30 29 -1 65 65
L 1.74 1.71 -1.7 1.82 1.79 -1.7 30 29 -1 65 65

aPRP autologous platelet-rich plasma, rEMS repetitive electromagnetic stimulation, EZW ellipsoid zone width (mm), FPDI fundus petimetry deviation index (%),
BCVA best cortected visual acuity
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Table 2 Demographic characteristics and follow-up parameters of group 2 (management with only aPRP)

Patient no.  Age Sex Eye Horizontal EZW Vertical EZW Visual field FPDI BCVA
Before  After  %Difference  Before  After  %Difference  Before  After Difference  Before — After
1 39 M R 2.89 2.94 ?1.7 2.10 2.21 ?5.2 26 28 ?2 80 80
L 2.23 2.51 ?12.0 2.29 2.32 ?1.3 24 28 2?4 80 80
2 37 M R 6.36 6.47 ?21.7 6.32 6.47 224 64 64 0 110 110
L 7.03 7.21 2?24 7.13 7.20 ?1.0 71 72 21 110 110
3 47 F R 7.77 8.30 26.8 7.47 7.65 224 75 77 22 110 110
L 7.95 7.97 203 6.91 7.09 ?1.4 76 77 21 110 110
4 28 F R 4.87 4.62 - 5.1 3.82 3.56 - 6.9 45 40 -5 100 100
L 4.92 4.84 -1.6 3.73 3.71 -0.5 43 40 -3 100 100
5 26 F R 3.76 3.61 -4.0 2.63 2.58 -1.9 64 60 -4 100 100
L 414 3.97 - 4.1 2.59 2.57 -0.8 63 60 -3 100 100
6 40 M R 2.77 2.63 -5.1 2.37 2.18 -8.0 42 36 -6 75 70
L 2.48 2.32 - 6.5 2.16 2.10 -2.38 35 30 -5 75 70
7 30 F R 1.98 1.89 -55 1.92 1.83 - 4.7 32 28 -4 65 65
L 2.01 1.89 -59 1.97 1.87 -5.1 33 28 -5 65 65
8 20 F R 2.77 2.64 - 4.7 1.96 1.84 -6.1 60 54 -6 80 75
L 3.00 2.87 -43 2.08 1.97 -53 59 55 -4 80 75
9 23 M R 3.89 3.70 - 4.9 3.71 3.46 - 6.7 53 50 -3 89 89
L 3.76 3.41 -9.3 3.03 3.42 - 5.8 50 45 -5 85 80
10 28 M R 271 2.60 -4.0 2.84 2.70 -49 41 38 -3 89 89
L 2.96 2.81 -5.1 2.73 2.59 -5.1 41 38 -3 89 89
11 29 F R 3.73 3.61 -3.2 3.37 3.23 - 4.2 55 52 -3 95 95
L 3.90 3.77 -33 4.11 3.89 -54 60 56 -4 95 95
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Table 2 continued

Patient no. Age Sex Eye Horizontal EZW Vertical EZW Visual field FPDI BCVA
Before  After  %Difference  Before  After  %Difference  Before  After  Difference  Before — After
12 24 F R 2.86 2.71 -5.2 2.77 2.61 -5.8 40 36 -4 85 85
L 2.76 2.63 - 4.7 2.65 2.50 -5.7 40 36 -4 85 85
13 50 F R 222 2.09 -59 2.86 2.72 - 4.9 44 39 -5 100 100
L 2.61 2.47 -54 3.11 2.96 - 4.8 47 44 -3 110 110
14 32 M R 2.53 2.51 -0.8 2.48 2.47 -04 34 34 0 75 75
L 2.50 2.49 -04 2.48 2.47 -04 33 33 0 75 75
15 56 F R 5.08 4.96 -24 4.98 4.86 -24 70 67 -3 110 110
L 4.98 4.86 -24 4.7 4.58 -2.8 69 66 -3 110 110
16 31 M R 1.34 1.26 -6.0 1.38 1.30 -5.8 38 34 -4 70 70
L 1.29 1.21 -6.2 1.30 1.23 -54 36 32 -4 70 70
17 23 F R 2.33 2.24 -39 2.00 1.96 -2.0 35 32 -3 89 89
L 1.97 1.91 -3.0 1.89 1.82 -3.7 31 28 -3 75 75
18 32 F R 1.77 1.68 -5.1 1.53 1.45 -52 30 25 -5 80 80
L 1.54 1.49 -3.2 1.70 1.62 - 4.7 27 24 -3 74 74
19 28 M R 1.88 1.80 -4.3 1.88 1.81 -3.7 48 44 -4 85 85
L 2.05 1.98 -34 2.49 2.40 -3.6 56 53 -3 92 92
20 29 F R 2.70 2.70 0 2.76 2.76 0 28 28 0 80 80
L 2.69 2.69 0 2.64 2.64 0 27 27 0 80 80

aPRP autologous platelet-rich plasma, rEMS repetitive electromagnetic stimulation, EZW ellipsoid zone width (mm), FPDI fundus perimetry deviation index
(%), BCVA best corrected visual acuity
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Table 3 Demographic characteristics and follow-up parameters of group 3 (natural course)

Patient no.  Age Sex Eye Horizontal EZW Vertical EZW Visual field FPDI BCVA

el

Before  After  %Difference Before  After  %Difference Before After  Difference Before After

1 48 M R 8.30 7.77 - 6.4 7.77 7.27 -6.4 78 67 - 11 110 100
L 8.30 7.95 -4.2 7.97 7.09 -11.1 73 64 -9 110 110
2 50 M R 2.12 1.78 -12.5 2.76 2.50 -94 46 34 -12 100 95
L 2.71 2.49 - 8.2 3.01 2.63 -12.6 49 40 -9 95 95
3 32 F R 7.45 7.01 -59 5.68 5.15 - 8.8 85 78 -7 100 100
L 8.24 7.80 -53 7.98 7.00 -12.2 88 80 -8 100 100
4 29 F R 3.73 3.10 -16.8 2.87 2.70 - 6.9 72 63 -9 95 95
L 3.79 3.23 -14.7 3.68 3.29 -10.5 84 73 -11 100 100
5 30 F R 1.92 1.68 -12.5 1.82 1.72 -5.0 36 28 -8 70 70
L 1.60 1.50 -06.3 1.55 1.39 -10.3 32 25 -7 70 70
6 46 M R 3.11 2.78 -10.6 3.50 3.02 -13.7 55 46 -9 110 100
L 3.02 2.90 - 4.0 3.41 3.22 -5.0 53 45 -8 110 110
7 31 F R 1.57 1.42 -9.5 1.33 1.21 -9.0 30 22 -8 80 80
L 1.34 1.21 -9.7 1.63 1.51 -7.3 27 19 -8 74 74
8 27 F R 1.80 1.65 -83 1.78 1.60 -10.1 48 39 -9 85 85
L 2.15 1.97 -84 2.39 2.20 -79 56 48 -8 92 92
9 57 M R 1.36 1.20 -11.8 1.46 1.31 -10.3 17 9 -8 65 65
L 1.12 0.98 -12.5 1.24 1.10 -11.3 9 4 -5 65 50
10 22 M R 5.75 5.16 -10.3 5.01 4.54 -94 51 40 -11 110 110
L 5.69 513 -9.8 5.22 4.84 -7.3 50 41 -9 110 110
11 26 F R 2.40 2.10 -12.5 2.40 212 -11.6 55 39 -11 74 74
L 2.70 2.50 -7.4 2.60 2.35 -9.6 59 47 -12 80 74
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Table 3 continued

Patient no.  Age Sex Eye Horizontal EZW Vertical EZW Visual field FPDI BCVA
Before  After  %Difference Before  After  %Difference Before After  Difference Before After

12 30 F R 1.90 1.80 -52 1.80 1.70 -55 49 43 -6 80 80
L 2.00 1.80 -10.0 1.90 1.70 -10.5 52 43 -9 85 80
13 27 F R 4.09 3.67 -10.3 3.44 3.07 -10.8 68 56 -12 89 89
L 4.09 3.79 -73 3.76 3.68 -2.2 69 63 -6 89 89
14 29 M R 3.71 3.39 - 8.6 3.30 3.00 -9.1 56 48 -8 95 95
L 4.01 3.57 -11.0 4.14 3.59 -13.3 61 51 - 10 100 100
15 20 F R 3.60 3.40 -55 4.60 4.30 - 6.5 71 65 -6 95 95
L 4.84 4.60 -4.9 3.70 3.50 -54 72 67 -4 95 95
16 23 M R 3.45 3.09 -104 3.74 3.34 -10.7 52 44 -8 100 100
L 3.27 2.97 -9.2 3.61 3.30 - 8.6 50 40 - 10 100 95
17 25 F R 1.65 1.50 -9.1 2.08 1.93 -7.2 45 37 -8 74 74
L 1.10 0.97 -11.8 1.83 1.71 - 6.5 40 33 -7 70 70
18 20 F R 1.70 1.55 - 8.8 1.90 1.75 -7.9 50 41 -9 80 80
L 2.10 1.90 -9.5 3.20 3.00 -6.3 58 51 -7 85 85
19 33 M R 3.43 3.06 -10.8 3.19 2.78 -12.9 57 47 - 10 100 100
L 3.40 3.01 -11.5 3.33 2.97 -10.8 58 47 -11 100 100
20 28 F R 2.16 1.90 -12.0 2.14 1.92 -10.2 56 45 -11 74 74
L 213 1.90 -10.8 2.26 1.98 -12.3 55 43 -12 74 74

aPRP autologous platelet-rich plasma, rEMS repetitive electromagnetic stimulation, EZW ellipsoid zone width (mm), FPDI fundus petimetry deviation index (%),
BCVA best cortrected visual acuity
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Table 4 Comparison of assessment parameters before the treatments and at the end of the | -year follow-up period between
three groups

Group | (n = 40) Group 2 (n = 40) Group 3 (n = 40) p Difference**
X-SD X-SD X-SD
Horizontal EZW %difference

| £24 -285+28 -9.36+28 0.01* 23
Vertical EZW %difference

0.34+28 —-3.05+27 —9.09£2.6 0.01* I[2L3
Visual field FPDI difference

0.05+25 - 268423 - 87820 0.01* I[2[3

aPRPautologous platelet-rich plasma, rEMS repetitive electromagnetic stimulation, EZW ellipsoid zone width (mm), FPDI
fundus perimetry deviation index (%), BCVA best corrected visual acuity
**Sidak binary comparison test

Right/ CO

Fig. | Horizontal EZWs of a patient with retinitis pigmentosa receiving aPRP ? rEMS (Table I, patient no. I). a Before
treatment, 3.56 mm. b The | 3th month of follow-up post-treatment, 3.83 mm
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Fig. 2 Horizontal EZWs of a patient with retinitis pigmentosa receiving aPRP ?rEMS (Table |, patient no. 2). a Before
treatment, 3.97 mm. b The | 3th month of follow-up post-treatment, 4.14 mm

follow-up, the change was 0.3% on average
(p=0.19). In group2, 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
327mm 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 EZWSs 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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Fig. 4 Vertical EZWs of a patient with retinitis pigmentosa receiving only aPRP (Table 2, patient no. I). a Before
treatment, 6.32 mm. b The | 3th 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
photoreceptorloss 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) similartotheliterature.

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 EZW:s of a patient with retinitis pigmentosa, natural course (Table 3, patient no. |). a Before treatment,
7.97 mm. b The | 3th 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 ? tEMS (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 a-granules such as neu-
rotrophic growth factor (NGF), neural factor
(NF), BDNF, basic fibroblast growth factor
(bFGF), IGF, transforming growth factor (TGFb),
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 2 rEMS (Table I, patient no. 2).
a Before treatment, 57%. b The | 3th 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]. rEMS creates hyperpolarization—depo-
larization waves in neurons, which increases
neurotransmission and capillary blood flow
[18]. In group 1, rEMS was applied along with

aPRP, and we found the change in mean EZW
rate to be 0.7% at the end of 1 year 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).
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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. I). a Before
treatment, 73%. b The | 3th 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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Background: To evaluate whether subtenon injection of platelet-rich plasma (PRP) with retinal electro-
magnetic stimulation (rEMS) is effective in therapy-resistant chronic central serous chorioretinopathy (CSCR).
Design: Prospective, sequential. Materials & methods: The study included 22 eyes with resistant chronic
CSCR. Cases receiving micropulse laser or additional photodynamic therapy, subtenon PRP, and sub- tenon
PRP + rEMS were classified as times 1, 2 and 3, respectively. Results: At time 3, the mean best- corrected
visual acuity was 85.7 and 97.0 letters before and after the procedures, respectively (p = 0.01). Submacular
thickness improved by 17, 27 and 51% at times 1, 2 and 3 respectively. Conclusion: For treating resistant
CSCR, subtenon PRP + rEMS should be considered as an effective and safe option.
Trial Registration: ClinicalTrials.gov ID: NCT04224831

First draft submitted: 23 April 2019; Accepted for publication: 2 October 2020; Published online:
21 October 2020

Keywords: central serous chorioretinopathy ¢ electromagnetic stimulation ¢ growth factors ¢ iontophoresis * mag-
novision ¢ platelet-rich plasma

Central serous chorioretinopathy (CSCR) is a mostly unilateral retinal disorder that predominantly affects middle-
aged men. Serous neuroretinal detachment occurs due to fluid accumulation in the submacular area via leakage
through the damaged retinal pigment epithelium (RPE) layer [1,2). The main risk factors for CSCR are emotional
stress (type A personality), systemic arterial hypertension, corticosteroid use, sympathomimetic drug use, pregnancy,
Cushing’s syndrome, the presence of large choroid vessels under the RPE layer and an increase in choroidal thickness
(pachychoroid) 3. CSCR may be classified as acute or chronic. The acute form regresses spontaneously without
causing damage; the chronic form progresses and some subretinal fluid can persist. Vision prognosis is worse if serous
retinal detachment continues for more than 3—6 months because of the progressive photoreceptor loss [2,4]. In chronic
CSCR, widespread RPE changes and diffuse multifocal hyperfluorescent areas are seen in fluorescein angiography
(FA) and indocyanine green angiography (ICGA) [1,2. In etiopathogenesis, RPE cells, choroidea or both are
thought to be dysfunctional. Various treatments — including acetazolamide, mineralocorticoid receptor antagonists,
intravitreal anti-VEGT injections, subthreshold micropulse laser (MPL) applications and photodynamic therapy
(PDT) — are used depending on the stage of the disease [5,6]. However, some cases may be resistant or unresponsive
to treatment due to the complex etiopathogenesis. New treatment options and approaches are needed to reduce
serious complications. In addition to choroidal congestion, deep retinal capillary ischemia and widespread RPE
dysfunction contribute to the pathogenesis of therapy-resistant chronic CSCR [4,7. Deep retinal capillary ischemia
and RPE dysfunction can be treated with restorative-regenerative growth factors [s].

Platelets are enucleated cells that produce several growth factors (GFs), including epithelial, fibroblast, trans-
forming, nerve, platelet-derived and insulin-like. GFs and their receptors, expressed in epithelial and endothelial
cells, play a key role in tissue healing. EGF stimulates the proliferation and migration of epithelial cells. NGF is a
neurotrophin that stimulates the growth and maintenance of intraretinal glial cells, Miiller cells, and neurons [9,10].
Platelet-rich plasma (PRP) contains many GFs and autologous PRP (aPRP) is used in the treatment of retinitis
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pigmentosa and deep retinal capillary ischemia; such treatment has produced promising functional and structural
improvements [8,11].

Repetitive high-frequency electromagnetic stimulation/iontophoresis (rEMS/IP) is a physical treatment method
that promotes wound healing and epithelialzation by increasing the synthesis and affinity of the tyrosine kinase
(Ttk) receptor and local blood flow [13]. Moreover, it improves epithelial integrity and neural function by altering
the balance of GFs and Ttk receptor activity in the damaged microenvironment [13-16]. However, the iontophoresis
may increase the passage of active molecules at the tissue level [17-20). Positive results can be obtained by combining
rEMS/IP and aPRP in deep retinal capillary ischemia resulting from various etiologies and without a known
treatment [g].

In this prospective clinical study, different treatment methods were compared as sequential phases. The goal was
to demonstrate the effectiveness of tEMS/IP and to use subtenon aPRP as a new treatment approach in eyes with
chronic CSCR, where current treatment methods are insufficient.

Materials & methods

Approval for the study was obtained from the Ankara University Medical School Clinical Research Ethics Committee
(17-1177-18) and Republic of Turkey Ministry of Health Drug and Medical Device Department (2018-136). This
research was carried out in accordance with the principles of the Helsinki Declaration. Written consent forms were
obtained from the patients before starting the study.

This prospective, open-label, sequentially controlled clinical study in a single group was conducted between
December 2018 and September 2019 at Ankara University Faculty of Medicine, Department of Ophthalmology.
The study group consisted of 22 unilateral eyes of 22 patients with chronic CSCR who were resistant or unresponsive
to current treatment methods.

Diagnostic criteria for chronic CSCR in patients with typical complaints & clinical history

1. The presence of chronic subretinal fluid and elongated outer segments of the photoreceptors on B-scan spectral
domain optical coherence tomography (OCT) (Heidelberg-RA2, SW-FAF 488 nm, Germany);

2. Widespread atrophic changes in the RPE layer and/or the presence of serous pigment epithelial detachment
(PED);

3. Presence of thick choroid or wide choroid vessels (pachychoroid) on enhanced depth imaging spectral domain
OCT;

4. A typical view of the boundaries between chronic subretinal fluid and hyperfluorescent fluorophores in the
fundus autofluorescence examination;

5. FA and ICGA examinations were performed simultaneously to detect choroidal neovascularization (CNV) or
polypoidal choroidal vasculopathy in suspect eyes with flat irregular PED and chronic subretinal fluid.

Subjects
Inclusion criteria

Eyes with chronic CSCR containing one or more of the following findings constituted the study group (22 unilateral
eyes of 22 patients):

1. Symptoms lasting longer than 6 months with relapses.

2. The eyes do not respond or are resistant to all known current treatment methods, including half-fluence PDT
and sub-threshold MPL or drugs (acetazolamide, mineralocorticoid receptor antagonists).

3. Presence of widespread RPE changes, atrophic foci and chronic serous retinal detachment areas in the macula
and/or outside the macula.

Exclusion criteria

1. Presence of CNV secondary to chronic CSCR;
2. Presence of cataract or dense vitreous opacities (capillary density measurement cannot be done correctly in these
cases);

3. Patients taking oral corticosteroids or mineralocorticoid receptor antagonists;
4. The eyes respond well to MPL or PDT.

10.2217/rme-2020-0056 Regen. Med. (Epub ahead of print) future science group
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Time frame
Time1

MPL was first applied to patients with symptoms lasting for more than 6 months, with chronic signs. Cases with
good response to MPL were excluded from the study. We waited at least 3 months for the response to MPL. PDT
was performed on MPL-resistant cases. Cases that responded well to PDT were excluded from the study. At least
3 months passed before the response to PDT.

Time 2

Only subtenon aPRP injection was applied to MPL- or PDT-resistant cases. PRP injection was performed three times
at 2-week intervals. Patients who responded well after three PRP injections in 1 month were excluded from the
study.

Time 3

tEMS/IP combined with subtenon aPRP injection was applied to aPRP-resistant cases. At least 1 month was
allowed to elapse after the last aPRP injection. In this group, tEMS/IP was applied daily for 30 min on 10
consecutive days. Subtenon PRP injections were applied on the 1st, 5th and 10th days of the 10-day therapy (a
total of three injections). Responses to treatment were evaluated in the first month after the procedures.

We then evaluated new treatment methods applied to the study group at three times according to the ‘sequential
processes’ method [21,22). The cases were analyzed in three consecutive stages:

Stagel

This consisted of 22 eyes of 22 patients with chronic symptoms lasting more than 6 months. MPL or, if required,
PDT was applied to this group. Necessary consultations for the underlying cause were requested (Table 1).

Stage?

This was a consecutive group of 22 eyes of 22 patients who did not respond to classical treatments. Subtenon fresh
aPRP injections were applied to this group for three sessions at 2-week intervals (Table 2).

Stage3

This was a consecutive group of 22 eyes of 22 patients who did not respond to aPRP injections. This group
received tEMS/IP application for 10 consecutive days and subtenon aPRP injections on the 1st, 5th, and 10th days
(Table 3).

The formation of the time 1, 2 and 3 groups after the inclusion and exclusion criteria were applied is seen in the
flow diagram (Figure 1).

Two new treatment methods were applied and evaluated over approximately 10 months to a single study group
in consecutive stages. Treatment efficacy was compared within and between time groups. Complete ophthalmo-
logic examination was performed on all patients. Best-corrected visual acuity (BCVA) was measured using Early
Treatment Diabetic Retinopathy Study cards (Topcon CC 100 XP, Japan). Changes after treatments were evaluated
simultaneously via multimodal imaging using the optic coherence tomography angiography (OCTA) device (Op-
tovue Inc., CA, USA). Projection artifacts were removed by activating the ‘artifact removal’ function of the OCTA
device. Thus deep capillary density could be measured accurately.

Quantitativefollow-up parameters

1. Submacular thickness (SMT, um): the space between the ellipsoid zone and Bruch’s membrane, manually
measured where the volume of the submacular fluid is the highest.

2. Central macular thickness (CMT, um): the macular thickness between the internal limiting membrane and
Bruch’s membrane, automatically measured using an OCTA device.

3. Deep retinal capillary density (DRCD, %): automatically calculated using the ‘AngioAnalytic’ software of the
OCTA device and displayed as a sequential density map. The ‘Link-B Scans’ function of the device was activated
to compare vessel densities in exactly the same sections during follow-up.

The primary outcome measure of the study is the difference in BCVA as an indicator of functional changes.
Secondary outcome measures are the differences in SMT, CMT and DRCD, which represent structural changes.
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Table 1. Time 1: demographic and medical data and treatment response parameters for patients with chronic central

serous chorioretinopathy who underwent photodynamic therapy after micropulse laser or micropulse laser.

No Age Application Medical status SMT (um) CMT (pum) DRCD (%) BCVAT
(years)/sex Eye (n=22)
Before After Before After Before After Before After
1 47 M MPL + PDT Hypertension R 312 220 426 334 57.7 40.7 35 35
Type A
2 45 M MPL + PDT Hypertension L 380 321 482 419 54.4 33.6 92 80
Type A
3 28 M MPL Type A personality L 479 350 570 456 55.0 54.4 94 94
4 59 M MPL + PDT Obstructive lung R 270 202 373 305 50.8 45.0 74 70

Steroid use

5 48 M MPL Type A personality L 292 236 384 338 46.6 45.9 80 80

6 44 M MPL Hypertension L 478 376 582 480 50.1 47.9 80 90
Type A

7 45 F MPL Rheumatoid L 332 242 421 335 49.6 49.2 74 74
arthritis

Steroid use

8 51F MPL Brucella arthritis R 257 186 389 311 44.3 43.5 15 20
Steroid use

9 41 M MPL + PDT Hypertension R 344 291 466 433 59.8 50.4 91 80
Type A personality

10 46 M MPL Type A personality L 351 322 407 386 55.9 55.9 95 95

11 43 M MPL Ulcerative colitis L 404 381 552 537 53.5 52.0 70 80
Steroid use

12 34 M MPL Type A personality L 310 247 421 361 59.8 58.9 92 92

13 35M MPL Bronchial asthma L 151 150 327 325 49.2 47.9 92 92
Steroid use

14 60 F MPL + PDT Obstructive lung R 265 232 416 386 45.2 40.7 80 70
Steroid use

15 49 M MPL + PDT Hypertension R 247 132 356 244 50.2 46.2 74 70
Type A

16 37 M MPL Chronic urticaria R 401 317 497 397 56.9 54.1 80 80
Steroid use

17 52F MPL Fibromyalgia R 408 311 509 432 58.7 55.1 80 80
Steroid use

18 42 M MPL Type A personality R 220 197 396 357 51.5 51.1 80 80

19 36 M MPL Hypertension L 593 490 716 601 46.5 46.3 92 92

20 49 M MPL Chronic urticaria R 242 226 341 321 50.1 50.9 98 100
Steroid use

21 39 M MPL Hypertension L 307 312 409 416 48.8 48.0 94 100

Hypothyroid
22 46 M MPL Hypertension R 298 291 401 390 54.1 54.2 100 100

1 Measured using the Early Treatment Diabetic Retinopathy Study letters.

BCVA: Best-corrected visual acuity; CMT: Central macular thickness; DRCD: Deep retinal capillary density; MPL: Micropulse laser; PDT: Photodynamic therapy; SMT: Sub thickness.

PRP preparation & application

20 ml of blood was taken from the antecubital vein of the patients and placed into two sterile sodium citrate PRP
tubes (T-LAB Kit, T-Biotech, Turkey). The PRP tubes were centrifuged in a refrigerated (4.0°C) centrifuge (1200
NE Niive Technology Turkey) at 2500 rpm for 8 min. The lower one-third of the upper plasma was drawn into
a 2.5-ml sterile syringe. This plasma is rich in GFs. For each application, 1.5 ml of fresh aPRP suspension was
injected into the subtenon space under topical anesthesia. Injections were performed under sterile conditions with
a 26G needle tip from the upper temporal region, which was preferred due to its large absorption area and easy
access.
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Table2. Time 2: consecutive centralserous chorioretinopathycases thatwereresistanttoclassicaltreatment modalities

and given only subtenon autologous platelet-rich plasma injections.

No Age Application Eye (n = 22) SMT (um) CMT (um) DRCD (%)
(years)/sex
Before After Before After Before After Before

1 47 M PRP R 220 198 334 298 40.7 56.1 35
2 45M PRP L 321 202 419 301 33.6 34.7 80
3 28M PRP L 350 242 456 347 54.4 58.2 94
4 59M PRP R 202 114 305 216 45.0 51.4 70
5 48 M PRP L 236 141 338 241 45.9 50.1 80
6 44 M PRP L 376 291 480 391 47.9 51.3 20
7 45F PRP L 242 164 335 252 49.2 51.6 74
8 5TF PRP R 186 134 311 239 43.5 50.2 20
9 41 M PRP R 291 239 433 381 50.4 60.0 80
10 46 M PRP L 322 238 386 293 55.9 57.9 95
11 43 M PRP L 381 299 537 441 52.0 54.1 80
12 34M PRP L 247 151 361 272 58.9 60.0 92
13 35M PRP L 150 136 325 301 47.9 50.0 92
14 60F PRP R 232 135 386 281 40.7 43.3 70
15 49 M PRP R 132 110 244 221 46.2 49.7 70
16 37M PRP R 317 237 397 322 54.1 58.9 80
17 52F PRP R 311 182 432 288 55.1 58.5 80
18 42 M PRP R 197 171 357 322 51.1 52.6 80
19 36 M PRP L 490 296 601 424 46.3 50.9 92
20 49 M PRP R 226 198 321 292 50.9 51.4 100
21 39M PRP L 312 216 416 317 48.0 51.6 100
22 46 M PRP R 291 246 390 344 54.2 56.0 100

T Measured using the Early Treatment Diabetic Retinopathy Study letters.

BCVA: Best-corrected visual acuity; CMT: Central macular thickness; DRCD: Deep retinal capillary density; PRP: Platelet-rich plasma; SMT: Submacular thickness.

rEMS/IP

tEMS/IP was applied in the form of a helmet with a medical device containing coils designed to stimulate the retina,
optic nerve and visual pathways (Magnovision MG10, Bioretina Biyoteknoloji, Turkey). tEMS/IP was applied
just before PRP with an electromagnetic field intensity of 2000 mG at 42 Hz for 30 min. These parameters were
determined to be effective and safe in clinical and preclinical studies and are recommended by the manufacturer.

Statistical analysis

Mean changes in BCVA, SMT, CMT and DRCD values were calculated as standard deviation. Here, a paired
Wilcoxon test analysis was performed to examine the pre- and post-treatment measurements of the group. The
Kruskal-Wallis test was performed to examine differences between pre- and post-treatment measurements according
to different groups. In order to identify different groups, a double comparison was made using the Mann—Whitney
U test. The study was carried out using the SPSS 22.00 package (IBM Corp, NY, USA). The critical decision-making

value O was set at 0.05.

Results

The study group consisted of 22 unilateral eyes of 22 patients who did not respond or were resistant to various
treatments (16 eyes MPL, 6 eyes MPL, + PDT). The aPRP and tEMS/IP methods were applied at time 3 and
compared with consecutive stages. Eighteen patients were male and four were female; their mean age was 44.4
years (range: 28—60). Eight patients had systemic diastolic hypertension and nine had a history of cortisone use for
chronic diseases. Type A personality was seen in 10 of 22 patients. All cases had chronic CSCR sequelae findings
in the fellow eye, such as an RPE irregularity or pachydrusen.
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Table 3. Time 3; consecutive central serous chorioretinopathy cases that did not respond after subtenon autologous

platelet-rich plasma injection and applied autologous platelet-rich plasma in combination with retinal electromagnetic

stimulation /iontophoresis.

No

© 0o N oo a0 A~ W N P

PR R R R e
o » W N P O

16
17
18
19
20
21
22

Age
(years)/sex

47 M
45 M
28 M
59 M
48 M
44 M
45 F
51F
41 M
46 M
43 M
34 M
35M
60 F
49 M
37 M
52F
42 M
36 M
49 M
39 ™M

46 M

Application SMT (um) CMT (um) DRCD (%) BCVAT
Eye(n=22)
Before After Before After Before After Before After
rEMS/IP + PRP R 198 96 298 218 56.1 56.7 50 70
rEMS/IP + PRP L 202 124 301 243 34.7 56.7 90 110
rEMS/IP + PRP L 242 86 347 224 58.2 63.2 100 110
rEMS/IP + PRP R 114 77 216 146 51.4 57.0 74 89
rEMS/IP + PRP L 141 88 241 202 50.1 55.0 85 91
rEMS/IP + PRP L 291 89 391 219 51.3 56.9 100 110
rEMS/IP + PRP L 164 79 252 180 51.6 55.6 80 83
rEMS/IP + PRP R 134 94 239 206 50.2 61.5 30 45
rEMS/IP + PRP R 239 87 381 233 60.0 60.4 85 100
rEMS/IP + PRP L 238 82 293 226 57.9 59.9 100 110
rEMS/IP + PRP L 299 96 441 257 54.1 58.0 85 85
rEMS/IP + PRP L 151 81 272 217 60.0 60.2 100 110
rEMS/IP + PRP L 136 90 301 225 50.0 57.7 95 97
rEMS/IP + PRP R 135 86 281 193 43.3 50.7 80 89
rEMS/IP + PRP R 110 82 221 186 49.7 54.2 74 83
rEMS/IP + PRP R 237 102 322 238 58.9 61.0 90 110
rEMS/IP + PRP R 182 97 288 222 58.5 62.5 85 91
rEMS/IP + PRP R 171 88 322 227 52.6 57.1 90 110
rEMS/IP + PRP L 296 71 424 224 50.9 54.9 92 110
rEMS/IP + PRP R 198 90 292 201 51.4 54.9 100 110
rEMS/IP + PRP L 216 84 317 216 51.6 57.0 100 110
rEMS/IP + PRP R 246 87 344 201 56.0 58.2 100 110

tMeasured using the Early Treatment Diabetic Retinopathy Study letters.

BCVA: Best-corrected visual acuity; CMT: Central macular thickness; DRCD: Deep retinal capillary density; PRP: Platelet-rich plasma; rEMS/IP: Retinal repetitive electromagnetic
stimulation/iontophoresis; SMT: Submacular thickness.

BCVA

Attime 1, mean BCVA was80.1 and 79.7 | ettersbeforeand after the classical treatment procedureswere applied,
respectively (p = 0.81). At time 2, mean BCVA was 79.7 and 85.7 | etters before and after the aPRP application,
respectively (p=0.72). Attime 3, mean BCVA was 85.7 and 97.0 | etters before and after the application of aPRP
combinedwithrEM S/IR respectively (p=0.01; €0 3>1,2) (Tables1-5). Infellow eyes, mean BCVA was97 and
97 lettersat times1 and 3, respectively.

SMT

Attimel, mean SMT was333.7 and 274.2 um beforeand after theclassical treatment procedures, respectively (p
=0.01). Attime 2, mean SMT was274.2 and 198.1 um before and after the aPRP applications, respectively (p=
0.01). At time 3, mean SMT was 198.1 and 88.9 um before and after applying aPRP combined with rEMS/IR
respectively (p=0.01). A comparison of SMT percentage change showed a 17% improvement at time 1, 27% at
time2, and 51% at time 3 (@p 3 >2,1). In 19/22 eyes (86.4%), the submacular fluid disappeared completely at
time 3 (Figures2-6, Tables1-5). Infellow eyes, mean SMT was90.1 and 90.2 um at times 1 and 3, respectively.

CMT

Attime 1, mean CMTswere447.3 and 389.7 um beforeand after the classical treatment procedures, respectively
(p=0.01). At time 2, mean CMTswere 389.7 and 310.6 um before and after the aPRP application, respectively
(p =0.01). At time 3, mean CMTs were 310.6 and 213.8 pm before and after applying aPRP combined with
rEMS/IRrespectively (p=0.01). Whenthe CM T percentagechangeswerecompared, al3%improvement attime
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103 chronic CSCR
patients

n =12 excluded
due to presence
of CNV

91 patients eligible for
and underwent MPL
treatment

n =57 excluded
due to good
response to MPL
treatment

34 patients with poor
response to MPL

assessed for eligibility

for PDT

18 patients eligible for
and underwent PDT

16 patients ineligible ———| N =12 excluded
for PDT
response to
PDT
6 patients with poor
response to PDT
\
i 22 patients resistant
Time 1 to conventional
treatments
22 patients received
Time 2 only subtenon PRP
injection
due to good
response to
subtenon PRP

22 patients received

Time 3 rEMS combination
with subtenon PRP

Figure I. Flow diagram illustrating the formation of the time groups after inclusion and exclusion criteria were

applied.
CSCR: Central serous chorioretinopathy; CNV: Choroidal neovascularization; MPL: Micropulse laser; PDT:
Photodynamictherapy;PRP: Platelet-rich plasma; rEMS: Retinal repetitive electromagneticstimulation.

1,20% at time 2 and 30% at time 3 (@ p 3 >2,1) was observed (Figures 2-6, Tables 1-5). Infellow eyes, mean
CMTswere221.0and 223.2 um at times 1 and 3, repectively.

DRCD

Attime 1, mean DRCDswere52.2 and 48.7% beforeand after the classical treatment procedures, respectively (p
=0.03). Attime 2, mean DRCDswere 48.7 and 52.7% before and after the aPRP applications, respectively (p =
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Table 4. Comparison of follow-up parameters within and between groups.

Times Time 1 Time 2 Time 3 p-value
Classical treatments Only aPRP aPRP + rEMS/IP

Follow-up Before After Before After Before After

parameters

SMT (um) 333.7 274.2 274.2 198.1 198.1 88.9 3>21
p=0.01 p=0.01 p=0.01

CMT (um) 447.3 389,7 389.7 310.6 310.6 213.8 3>21
p=0.01 p=0.01 p=0.01

DRCD (%) 52.2 48.7 48.7 52.7 52.7 57.7 32>1
p=0.03 p=0.01 p=0.01

Bcval 80.1 79.7 79.7 85.7 85.7 97.0 3>12
p=0.81 p=0.72 p=0.01

Kruskal-Wallis test was used for triple comparison; Mann—Whitney U test was used for binary comparison. p-value comparison: All parameters were significantly higher in time 3.

t Measured using the Early Treatment Diabetic Retinopathy Study letters.

aPRP: Autologous platelet-rich plasma; BCVA: Best-corrected visual acuity; CMT: Central macular thickness; DRCD: Deep retinal capillary density; rEMS/IP: Retinal repetitive electromagnetic
stimulation /iontophoresis; SMT: Submacular thickness.

Table 5. Comparison of percentage and delta changes between groups.

SMT difference (%) p-value Comparison
Time 1 (n = 22) Time 2 (n = 22) Time 3 (n = 22)
X +s.d X + s.d X +s.d 0.01 3>21
17+11 27+11 51£15
CMT difference (%)
X +s.d X +s.d X +s.d 0.01 3>21
13+8 20+8 30%9
DRCD difference (%)
X +s.d X +s.d X +s.d 0.01 32>1
—3.5+26 +40x24 +5.1%+24
BCVA differencet
X +s.d X * s.s. X =+ s.s. 0.01 3>12
0.4 +1.1 6+13 113+1.2

Kruskal-Wallis test was used for triple comparison; Mann—Whitney U test was used for binary comparison.

p < 0.05 statistically significant, expressed in bold and italics.

tMeasured using the Early Treatment Diabetic Retinopathy Study letters.

BCVA: Best-corrected visual acuity; CMT: Central macular thickness; DRCD: Deep retinal capillary density; s.d: Standart deviation; SMT: Submacular thickness (%)

0.01). At time 3, mean DRCDs were 52.7 and 57.7% before and after applying aPRP combined with rEMS/IR,
respectively (p = 0.01). The DRCD percentage changed by —3.5% at time 1, +4% at time 2 and +5% at time
3 (b 3,2 >1) (Figures 2-5, Tables 1-5). In fellow eyes, mean DRCDs were 55.2 and 56.4% at times 1 and 3,
respectively.

No serious ocular or systemic adverse events were encountered during the follow-up in any group related to
rEMS/IP or aPRP applications.

Discussion

Acute and chronic CSCR differ in clinical presentation and prognosis. In acute CSCR a sudden deterioration
in central vision occurs as a result of rapid accumulation of fluid in the submacular area. Impairmentsin color
visionanddark adaptation, central or paracentral scotomaand metamorphopsiaor micropsiaareal soobserved|2,s].
The acute form usually heals spontaneously and without sequelag, but if the chronic form is not treated, pro-
gressivevisionlossdevelops. The outer segments of the photoreceptor may appear elongated on B-scan spectral
domain OCT. Flat irregular PEDs may be surrounded by subretinal fluid containing fibrin/fluorophore [4,7,12].
Diffuse RPE irregularities, intraretina fluid accumulation, cystic retinal changes, retinal atrophy, subretinal fibri-
nousaccumulation, fibrosisand secondary CNV arelatecompli cationsand cancausepermanent visual 10ss[1-3,6-g].
The pathophysiology of CSCR isnot fully understood. RPE dysfunction and loss of integrity may be dueto the
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Figure 2. Submacular thickness and deep retinal capillary density changes according totime groups (patient

1). (A-C) First MPL then PDT were applied at time 1 (SMT: 312 um before, 220 um after application; DRCD: 57.7%
before and 40.7% after application). (D) Only aPRP was applied at time 2 (SMT: 220 um before, 198 pum after
application; DRCD: 40.7% before and 56.1% after application). (E) rEMS/IP combined with aPRP were applied at time
3 (SMT: 198 um before application; DRCD: 56.1% before application). (F) After combined application (SMT: 96 um
after application; DRCD: 56.7% after application), see also Tables 1-3.

aPRP: Autologous platelet-rich plasma; DRCD: Deep retinal capillary density; MPL: Micropulse laser; OD: Right

eye; PDT: Photodynamic therapy; rEMS/IP: Retinal repetitive electromagnetic stimulation; SMT: Submacular thickness.

11/23/2019 13:25 [HD 6.0 mm] SQ 9/10 12/14/2019 10:12 [HD 6.0 mm] SQ 9/10

increased blood cortisol level and increased choroidal hydrostatic pressure caused by a thick choroid (pachychoroid)
or high systemic arterial diastolic pressure. Thick choroidea and wide vessels can be visualized by swept-source
OCT and by enhanced depth imaging spectral domain OCT [4,7,12]. These findings support the hypothesis that
the choroidea vasculature is congested and extremely permeable in CSCR, as seen with ICGA [1-3,6-8]. OCTA has
become the gold standard in the diagnosis and follow-up of retinal disease. FA and ICG are invasive procedures,
whereas OCTA provides detailed anatomical and vascular structure information of the retinal and choroidal layers
with a single noninvasive scan. FA and ICGA are used in the differential diagnosis of latent CNV or polypoidal
vasculopathy when suspicious irregular PED is detected in OCTA.

High blood cortisol levels disrupt Ttk receptor activity and balance between various GFs. The integrity of the
zonula occludens between RPE cells is then disrupted, and ion channels and fluid movements are affected by the
RPE layer. As a result, RPE/photoreceptor damage and dysfunction are observed and visual functions are affected
by accumulating fluid under the sensory retina [1-3,6-8]. Because of complex etiopathogenesis, treatments that target
only choroidal thickness and leakage — including acetazolamide, intravitreal anti-VEGF injection or PDT — may
not be sufficient to correct the underlying pathology [5,6. In addition to choroidal pathology, widespread RPE
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Figure 3. Submacularthickness and deep retinal capillary density changes according to time groups (patient 2). (A)
First MPL then PDT were applied at time 1 (SMT: 380 um before, 321 um after application; DRCD: 54.4% before,
33.6% after application). (B) Only aPRP was applied at time 2 (SMT: 321 um before, 202 um after application, DRCD:
33.6% before, 34.7% after application). (C) rEMS/IP combined with aPRP were applied at time 3 (SMT: 202 um before
application; DRCD: 34.7% before application). (D) After combined application (SMT: 124 um after application; DRCD:
56.7% after application), see also Tables 1-3.

aPRP: Autologous platelet-rich plasma; DRCD: Deep retinal capillary density; MPL: Micropulse laser; OS: Left eye; PDT:
Photodynamic therapy; rEMS/IP: Retinal repetitive electromagnetic stimulation/iontophoresis; SMT: Submacular
thickness.
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Figure4. Submacularthickness and deep retinal capillary density changes according to time groups (patient 6). (A)
MPL was applied at time 1 (SMT: 478 um before, 376 um after application; DRCD: 50.1% before, 47.9% after
application). (B) Only aPRP was applied at time 2 (SMT: 376 um before, 291 um after application; DRCD: 47.9%
before, 51.3% after application). (C) rEMS/IP combined with aPRP were applied at time 3 (SMT: 291 um before
application; DRCD: 51.3% before application). (D) After combined application (SMT: 89 um after application; DRCD:
56.9% after application), see also Tables 1-3.

aPRP: Autologous platelet-rich plasma; DRCD: Deep retinal capillary density; MPL: Micropulse laser; OS: Left eye; PDT:
Photodynamic therapy; rEMS/IP: Retinal repetitive electromagnetic stimulation/iontophoresis; SMT: Submacular
thickness.

dysfunction (often accompanied by deep retinal capillary ischemia) can contribute to the development of CSCR.
Thus it may be reasonable to support the microenvironment of the outer retinal complex (choriocapillaris—Bruch’s
membrane—RPE) via restorative GFs. Various treatment methods are currently applied depending on the stage
of the disease, the extent of the lesion and the presence of CNV [5,6. However, some cases may be resistant or
unresponsive to current treatments. PDT is generally effective but can only be applied in local RPE defects; it
cannot be applied in cases with multifocal diffuse retinal pigment epitheliopathy due to possible complications,
including choroidal ischemia, retinal artery occlusion, retinal pigment epithelial atrophy and central scotoma [+
6. The disease may recur in 15-50% of cases. Bilateral involvement may occur in approximately one-third of
cases. Secondary CNV development can be seen in 2-9% of patients with chronic CSCR and seriously threatens
vision [1-3,6-8]. In etiopathogenesis, RPE cells, choroidea, or both are thought to dysfunction together. Due to

10.2217/rme-2020-0056 Regen. Med. (Epub ahead of print) future science group fsg



Treatment of resistant chronic central serous chorioretinopathy via platelet-rich plasma with electromagnetic stimula- Research Article

tion

HD angio retina multi scans view Right/ OD

Enfacesiab

06/25/2019 17:55 [HD 6.0 mm] SQ 8/10 10/11/2019 12:46 [HD 6.0 mm] SQ 9/10 12/13/2019 13:28 [HD 6.0 mm] SQ 9/10 01/24/2020 12:40 [HD 6.0 mm] SQ 9/10

Figure5. Submacularthickness anddeepretinal capillary density changes accordingtotime groups (patient 16). (A)
MPL was applied at time 1 (SMT: 401 um before, 317 um after application; DRCD: 56.9% before, 54.1% after
application). (B) Only aPRP was applied at time 2 (SMT: 317 um before, 237 um after application; DRCD: 54.1%
before, 58.9% after application). (C) rEMS/IP combined with aPRP were applied at time 3 (SMT: 237 um before
application; DRCD: 58.9% before application). (D) After combined application (SMT: 102 um after application; DRCD:
61% after application), see also Tables 1-3.

aPRP: Autologous platelet-rich plasma; DRCD: Deep retinal capillary density; MPL: Micropulse laser; OD: Right eye;
PDT: Photodynamic therapy; rEMS/IP: Retinal repetitive electromagnetic stimulation/iontophoresis; SMT: Submacular
thickness (um)
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Figure 6. Submacular thickness and centralmacular thickness changes accordingto time groups (patient 17). (A)
MPL was applied at time 1 (SMT: 408 um before, 311 um after application; CMT: 509 pm before, 432 um after
application). (B) Only aPRP was applied at time 2 (SMT: 311 um before, 182 um after application; CMT: 432 um before,
288 um after application). (C) rEMS/IP combined with aPRP were applied at time 3 (SMT: 182 um before

application; CMT: 288 um before application). (D) After combined application (SMT 97 um after application; CMT
222 pm after application), see also Tables 1-3.

aPRP: Autologous platelet-rich plasma; CMT: Central macular thickness; MPL: Micropulse laser; OD: Right

eye; rEMS/IP: Retinal repetitive electromagnetic stimulation/iontophoresis; SMT: Submacular thickness.

the complex etiopathogenesis, new treatment options and approaches are needed to reduce serious complications.
Thus we investigated the effectiveness of GFs as an alternative and new treatment modality for the treatment of
chronic CSCR that cannot be managed by current treatment modalities.

Fresh autologous PRP was used at time 2 as a source of GFs. Submacular fluid decreased significantly and deep
retinal capillary blood flow increased significantly at time 2. However, no significant increase in visual acuity was
observed. EGF and PDGF play a key role in wound healing and epithelialization. EGF is responsible for epithelial
proliferation and integration and PDGF for increasing capillary blood flow [9,16. NGF is a neurotrophin that
stimulates the growth and maintenance of intraretinal glial cells, Miiller cells and neurons; it also plays a key role
in ensuring the integrity and function of epithelial cells and nerve fibers [9,10].
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Scleral pores allow passive diffusion for molecules smaller than 75 kDa. The electrical charges of larger molecules
must be changed for them to pass through. For this purpose, electrical or electromagnetic iontophoresis is needed [17-
19]. NGF and IGE, both larger than 75 kDa, are responsible for the oxidative phosphorylation required for neural
functions p-11]. We think that when subtenon aPRP is used alone, a significant number of GFs cannot pass from
the scleral pores to the choroidal matrix. In our previous study, we showed that the use of tEMS with aPRP is more
effective than aPRP alone in the treatment of eyes affected by deep retinal capillary ischemia [s]. Another study
proved that aPRP and rEMS are effective in slowing disease progression in patients with retinitis pigmentosa [23].

The prolonged presence of submacular fluid can reduce the ability of RPE to benefit from choroidal circulation.
We think that the development of deep retinal capillary ischemia may be the cause of resistance to treatment.
GFs in PRP can reduce this ischemia. When we applied subtenon aPRP in combination with tEMS/IP at time
3, the submacular fluid decreased significantly and deep retinal capillary blood flow increased. BCVA significantly
increased only at time 3. The GFs in the choroidal matrix can pass to the subretinal space through the Ttk
receptors [20.. Moreover, rEMS/IP can increase the transition of GFs from scleral pores to the choroidal matrix.
Growth factor affinity of Ttk receptors can be increased by rEMS [13-20]. At time 3, we can explain the significant
increase in visual acuity and all parameters by the iontophoresis effect of tEMS. Coils in the Magnovision helmet
form an electromagnetic field without touching the scalp or face. Importantly, the intensity of the electromagnetic
field at the tissue level is far below the safety limit defined by WHO [24,25]. PRP, as a growth factor source, can be
obtained from the patient at a low cost. The electromagnetic iontophoresis device also seems to be affordable in
terms of purchase, periodic maintenance and repair costs. With this method, we found the highest increase in
DRCD. The reduction of deep capillary ischemia may have strengthened connections between RPE cells and
decreased submacular fluid by increasing the pump function of RPE.

This study has some limitations. The aPRP injections combined with tEMS/IP appear to repair the RPE defect,
strengthen the external blood retinal barrier and correct dysfunction due to retinal ischemia. However, long-term
follow-up is needed. Determining the relationship between underlying systemic conditions and relapses is a separate
research topic. Existing OCTA instruments have some artifact problems. It is important to identify and remove
these artifacts to evaluate DRCD accurately in consecutive measurements. Some chronic CSCR cases may recover
spontaneously. Causes of disease are not homogeneous. For this reason, it is not possible to create a control group.
Another limitation is that we examined the changes according to time periods instead of using an independent
control group.

Conclusion

Resistant chronic CSCR is an important socioeconomic and psychological problem in the productive aged pop-
ulation. In the treatment of resistant CSCR, subtenon PRP combined with tEMS should be considered as an
effective and safe treatment option. This combined approach can regulate dysfunctional or damaged external
retinal microenvironment using the restorative and circulation-enhancing effect of various GFs.

Executive summary

* Central serous chorioretinopathy is a retinal disease that predominantly affects middle-aged men.

* Various treatment methods (e.g., acetazolamide, mineralocorticoid receptor antagonists, intravitreal anti-VEGF
injections, sub-threshold micropulse laser applications and photodynamic therapy) are used.

* Some cases may be resistant or unresponsive to current treatments.

* Due to the complex etiopathogenesis, new treatment options and approaches are needed to reduce serious
complications.

* We investigated whether subtenon platelet-rich plasma injection combined with retinal electromagnetic
stimulation is effective in chronic central serous chorioretinopathy cases resistant to classical therapies.

* A combination of autologous platelet-rich plasma and noninvasive electromagnetic stimulation/iontophoresis is
a safe, effective and novel therapeutic approach.

* This combined approach can regulate a dysfunctional or damaged external retinal microenvironment using the
restorative and circulatory enhancing effect of various growth factors.

Acknowledgments
The authors thank the participants of the study. The authors also thank Prof.Dr.Figen Sermet and the staff members of Ankara
University Faculty of Medicine, Department of Ophthalmology.

10.2217/rme-2020-0056 Regen. Med. (Epub ahead of print) future science group



Treatmentofresistantchroniccentral serouschorioretinopathyviaplatelet-rich plasmawithelectromagneticstimula- Research Article

tion

Financial & competing interests disclosure

The research was funded by the International Olympic Committee with 2020-001 invoice no. The authors have no other relevant
affiliations or financial involvement with any organization or entity with a financial interest in or financial conflict with the subject
matter or materials discussed in the manuscript apart from those disclosed.

Medical writing support was provided by Enago and was funded by the International Olympic Committee.

Ethicalconductofresearch

Approval for the study was obtained from the Ankara University Medical School Clinical Research Ethics Committee (17-1177-18)
and Republic of Turkey Ministry of Health Drug and Medical Device Department (2018-136). This research was carried out in
accordance with the principles of the Helsinki Declaration. Written consent forms were obtained from the patients before starting

the study.

Data sharing statement
The authors certify that this manuscript reports original clinical trial data (ClinicalTrials.gov identifier: NCT04224831). Individual,
personal patient data will not be made available however clinical data, the study protocol and statistical analyses will be made

available | year after publication. Requests should be made to the corresponding author.

References
1 Nicholson B, Noble J, Forooghian F, Meyetle C. Central serous chorioretinopathy: update on pathophysiology and treatment. Sur.
Ophthalmol. 58(2), 103-126 (2003).

2 Daruich A, Matet A, Behar-Cohen F. Central scrous chorioretinopathy. Dev. Ophthal. 58, 27-38 (2017).

3 Scarinci F, Ghiciuc CM, Patacchioli FR, Palmery M, Parravano M. Investigating the hypothesis of stress system dysregulation as a risk
factor for central serous chorioretinopathy: a literature mini-review. Curr. Eye Res. 44(6), 583-589 (2019).

4 Cennamo G, Montotio D, Comune C et al. Study of vessel density by optical coherence tomography angiography in patients with
central serous chorioretinopathy after low-fluence photodynamic therapy. Photodiagn. Photodyn. Ther. 30, 101742 (2020).

5  Manayath GJ, Ranjan R, Karandikar SS et al. Central scrous choriotetinopathy: current update on management. Oman J. Ophthalmol.
11(3), 200206 (2018).

6 Ozmert E, Demirel S, Yantk O, Batioglu F. Low-fluence photodynamic therapy versus subthreshold micropulse yellow wavelength laser
in the treatment of chronic central serous chotioretinopathy. . Ophthalmol. 2016, 1-8 (2016).

7 Battista M, Borrelli E, Parravano M et al. OCTA characterisation of microvascular retinal alterations in patients with central serous
chorioretinopathy. Br. J. Ophthalmol. 104(10), 1453—1457 (2020).

8  Ozmert E, Arslan U. Management of deep retinal capillary ischemia by electromagnetic stimulation and platelet-rich plasma: preliminary
clinical results. Adv. Ther. 36(9), 2273-2286 (2019).

9  Anitua E, Muruzabal F, Tayebba A et al. Autologous serum and plasma rich in growth factors in ophthalmology: preclinical and clinical
studies. Acta Ophthalmol. 93(8), ¢605—c614 (2015).

10 Amable PR, Carias RB, Teixeira MV et al. Platelet-rich plasma preparation for regenerative medicine: optimization and quantification of
cytokines and growth factors. Stem Cell Res. Ther. 4(3), 67 (2013).

11 Arslan U, Ozmert E, Demirel S, Ornek F, Sermet F. Effects of subtenon-injected autologous platelet-rich plasma on visual functions in
eyes with retinitis pigmentosa: preliminary clinical results. Graefe’s Arch. Clin. Exp. Ophthalmol. 256(5), 893-908 (2018).

12 NovaisEA,Lane M, Waheed NK et al. Central serous choriotetinopathy. In: Optical Coherence Tomography Angiography of the Eye.
Huang D, Lumbroso B, Jia Y, Waheed NK (Eds). Slack Incorporated, USA. 163169 (2018).

13 Patruno A, Ferrone A, Costantini E et al. Extremely low-frequency electromagnetic fields accelerates wound healing modulating MMP-9
and inflammatory cytokines. Cell Prolif. 51(2), ¢12432 (2018).

14 Maziarz A, Kocan B, Bester M et al. How electromagnetic fields can influence adult stem cells: positive and negative impacts. Stem Cell
Res. Ther. 7,54 (2016).

15 Parate D, Kadir ND, Celik C et al. Pulsed electromagnetic fields potentiate the paracrine function of mesenchymal stem cells. Stem Cell
Res. Ther. 11, 46 (2020).

16 Yamakawa S, Hayashida K. Advances in surgical applications of growth factors for wound healing. Burn Trauma. 7,10 (2019).
17  Demetriades AM, Deering T, Liu H et al. Transscleral delivery of antiangiogenic proteins. J. Ocul. Pharmacol. Ther. 24(1), 70~79 (2008).

18  Meng T, Kulkarni V, Simmers R, Brar V, Xu Q. Therapeutic implications of nanomedicine for ocular drug delivery. Drug Discov. Today
24(8), 1524-1538 (2019).
19 LiSK, HaoJ. Transscleral passive and iontophoretic transport: theory and analysis. Expert Opin. Drug Deliv. 15(3), 283299 (2017).

future science group 10.2217/rme-2020-0056



Research Article  Arslan & Ozmert

20  Mysona BA, Zhao J, Bollinger KE. Role of BDNF/TtkB pathway in the visual system: therapeutic implications for glaucoma. Expert Rev.
Ophthalmol. 12(1), 69-81 (2017).

21  ChengY, Shen Y. An efficient sequential design of clinical trials. ]. Stat. Plan. Inference. 143(2), 283-295 (2013).

22 Arani RB, ChenJJ. A power study of a sequential method of p-value adjustment for cotrelated continuous endpoints. J. Biopharm. Stat.
8(4), 585-598 (1998).
23 Arslan U, Ozmert E. Management of retinitis pigmentosa via platelet-rich plasma or combination with electromagnetic stimulation:

retrospective analysis of 1-year results. Adv. Ther. 37(5), 2390-2412 (2020).

24 Chandra T, Chavhan GB, Sze RW et al. Practical considerations for establishing and maintaining a magnetic resonance imaging safety
program in a pediatric practice. Pediatr. Radiol. 49(4), 458-468 (2019).

25  Sandoval D], Chambers GD, Adolphi NL Biological effects of magnetic resonance imaging. In: Radiation Biology of Medical Imaging.
Kelsey CA, Heintz PH, Sandoval DJ et al.. (Eds). Wiley,Haboken. 281-295 (2018).

10.2217/rme-2020-0056 Regen. Med. (Epub ahead of print) future science group



Ozmert and Arslan Stem Cell Res Ther (2021) 12:518 Etem EE'” F?.E*SE-EIFE"I & TI"IEFEI F'}"
https://doi.org/10.1186/s13287-021-02577-2

Management of toxic opticneuropathy

via a combination of Wharton’s jelly-derived
mesenchymal stem cells with electromagnetic
stimulation

Emin Ozmert' and Umut Arslan®

Abstract

Purpose: Toinvestigate the effectof the combination of Wharton’s jelly derived mesenchymal stem cells (WJ-MSC)
and high frequency repetitive electromagnetic stimulation (rEMS) in the therapy of toxic optic neuropathies with
severe symptoms afterthe available currenttherapy modalities which were unsucessful.

Material and methods: This prospective, open-label clinical phase-3 study was conducted at Ankara University
Faculty of Medicine, Department of Ophthalmology between April 2019 and April 2021. Thirty-six eyes of 18 patients
with toxic optic neuropathy (TON) were included in the study. Within 1-3 months after the emergency interventions,
patients with various degrees of sequela visual disturbances were studied in this clinical trial. The cases were divided
into three groups according to similar demographic characteristics. Group 1: Consists of 12 eyes of 12 patients treated
with the WJ-MSC and rEMS combination in one eye. Group 2: Consists of 12 eyes of 12 patients treated with only rEMS
in one eye. Group 3: Consists of 12 eyes of six patients treated with only WJ-MSC in both eyes. The course was evalu-
ated by comparing the quantitive functional and structural assessment parameters measured before and at the fourth
month of applications in each group.

Results: The mean best corrected visual acuity (BCVA) delta change percentages of the groups can be ranked as:
Group 1 (47%)>Group 3 (32%) > Group 2 (21%). The mean fundus perimetry deviation index (FPDI) delta change
percentages of the groups can be ranked as: Group 1 (95%)>Group 2 (33%) > Group 3 (27%). The mean gan-

glion cell complex (GCC) thickness delta change (decrease in thickness) percentages can be ranked as: Group 1
(=21%)>Group 3 (—15%)> Group 2 (— 13%). The visual evoked potential (VEP) P100 latency delta change percent-
ages of the groups can be ranked as: Group 1 (—18%) > Group 3 (—10%) > Group 2 (—8%). The P100 amplitude delta
change percentages of the groups can be ranked as: Group 1 (105%)> Group 3 (83%) > Group 2 (24%).

Conclusion: Toxic optic neuropathies are emergent pathologies that can result in acute and permanent blindness.
After poisoning with toxic substances, progressive apoptosis continues in optic nerve axons and ganglion cells. After
the proper first systemic intervention in intensive care clinic, the WJ-MSC and rEMS combination seems very effec-
tive in the short-term period in cases with TON. To prevent permanent blindness, a combination of WJ-MSC and rEMS
application as soon as possible may increase the chance of success in currently untreatable cases.
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Trial Registration ClinicalTrials.gov ID: NCT04877067.

Keywords: Toxic optic neuropathy, Methanol, Sildenafil, Amiodarone, Carbon dioxide, Stem cell, Wharton's jelly-
derived mesenchymal stem cell, Electromagnetic stimulation

Introduction

The visua function begins with converting light energy
into biochemical, electrical signals in the outer layers
of the retina. Electrical signals are transmitted from the
photoreceptors (first neuron) to the bipolar cells (second
neuron) and then to the ganglion cells (third neuron).
Theaxonsof theganglion cells (retinal nervefibers) form
the optic nerve. The number of optic nerve axons from
the post-laminar region to the lateral geniculate nucleus
is approximately 1,200,000. The optic nerve transmits
electrical signalstothevisual center located inthebrain’s
occipital cortex through various synapses, including the
lateral geniculate nucleus (fourth neuron) [1-3]. Optic
nerve fibers are more sensitive to various toxins than the
retina because they are outside the protecting feature of
the blood-retinal barrier. Methanol, various solvents and
heavy metals, carbon dioxide, antiarrhythmic and antie-
pileptic drugs, some antibiotics, and vasoactive drugs
can cause toxic optic neuropathy (TON). There is differ-
ent pathophysiology for each toxic substance resulting in
optic nerve damage. Metabolites of some toxins disrupt
adenosine three phosphate (ATP) synthesis by blocking
mitochondrial function and oxidative phosphorylation.
Metabolites of some other toxins cause demyelination
as a result of protein denaturation. Neuroinflammation
occurs when denatured proteins block axoplasmic flow.
Neuroinflammation also develops secondary to the ces-
sation of axoplasmic flow after hypoxia. Hypoxic neu-
rons stop their metabolism and switch to OFF mode. If
hypoxia and neuroinflammation persist, apoptosis and
permanentvisionlossdevelop[4,5].

Wharton’s jelly-derived mesenchymal stem cells (WJ-
MSC) can increase mitochondrial ATP synthesis via
various growth factors (GF) and suppress neuroinflam-
mation with an immunomodulatory effect [6-10]. High
frequency repetitive electromagnetic stimulation (rEM S)
can rearrange ion channel balances and axoplasmic flow.
The effects of rEMS are also known to increase blood
flow and synaptic transmission in neural tissues, decrease
toxic glutamine levels and increasing the passage of large
therapeutic moleculesinto thecell [11-14].

The aim of this prospective clinical study is to inves-
tigate the effect of the combined use of WJ}MSC and
rEM S in the management of TON after the interventions
in emergency or intensive care units. This combination
therapy is the first study in the literature to treat TON

with severe symptoms, in which available current therapy
modalities were unsucessful.

Materials and methods

Ethics committee approval for the umbilical cord Whar-
ton’s jelly-derived mesenchymal stem cell (WJ-MSC)
study was obtained from the Ankara University Faculty
of Medicine Clinical Research Ethics Committee (19-
1293-18). It was also approved by the Review Board of
the Cell, Organ, and Tissue Transplantation Department
within the Turkish Ministry of Heath (56733164/203
E.1925). 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) and the Review Board
of the Drug and Medical Device Department within the
Turkish Ministry of Heath (2018-136). The study was
performed following the tenets of the 2013 Declaration
of Helsinki. Written informed consent was obtained from
the patients before enrollment.

This prospective, open-label clinical phase-3 study was
conducted at Ankara University Faculty of Medi- cine,
Department of Ophthalmology between April 2019 and
April 2021. Thirty-six eyes of 18 patients with toxic optic
neuropathy (TON) were included in the study. The
primary toxic optic neuropathy (TON) diagnosis of the
affected patients was made in an emergency or inten-
sive care clinic. Within 1-3 months after the emergency
interventions, patients with various degrees of sequela
visual disturbances were studied in this clinical trial. All
patients enrolled underwent a complete routine oph-
thalmic examination, including the best-corrected visual
acuity (BCVA) measurement with the early treatment of
diabetic retinopathy study (ETDRS) chart (Topcon CC
100 XP, Japan). The patients were further evalu- ated
with optical coherence tomography angiography (OCTA)
from RTVue XR (Avanti, Optovue, Fremont, CA, USA),
which provides a co-registered en-face and cross-
sectional multimodal imaging platform to analyze and
measure the changes in the ganglion cell layer (GCL).
Functional evaluation of optic nerve was made by Com-
pass 24/2 visual field (VF) test (Compass, CenterVue,
Padova, Italy) and the 120-pattern visual evoked poten-
tial (pVEP) test (Mon 2018F, Metrovision, Perenchies,
France). Before the different treatment modalities with
WJ-MSC and rEMS and at the fourth month after the
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treatments, quantitative assessment parameters were
compared.

Subjects

Thirty-six eyes of 18 patients with toxic optic neu-
ropathy (TON) due to four different kinds of toxic sub-
stances (mainly methanol, CO,, sildenafil, amiodaron)
wereincluded in the clinical study. Different ophthalmic
therapy modalities (only WJ-M SC, only rEM S or both)
were applied to the cases between 1 to 3 months after
discharge from hospital, so as to eliminate the possi-
ble therapeutic effect of the medical treatment done for
intoxication, and before the development of irreversible
optic nerve damage, which might occur after 3 months.

The inclusion criteria were: The patients who could be
assessed by quantitative parameters of aforementioned
tests at baseline (just before the treatment) and at fourth
month after the treatment; patients with best-corrected
visual acuity (BCVA) better than 35 letters, for perform-
ing appropriate visual field testing; any degree of visual
fieldloss; and patientsover 18yearsold.

The exclusion criteria were: Cases poisoned with toxic
substances for more than 3 months; patients with BCVA
less than 35 letters, in whom visual field test can not be
done properly; non-cooperated patients because of neu-
rological sequelae; previous history of diabetes mellitus
and cardiovascular diseases,; and smokers.

Study groups
Thirty-six eyes of 18 patients exposed to four types of
toxic substances composed the study cohort. The eyes
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could be divided into three groups according to the
applied treatment modalities with similar demographic
characteristics.

In 12 patients with TON, due to ethical considera- tions,
the worse eye received one subtenon injection of WJ
MSC. Ten days after the injection, rEM S was applied on
both eyes of these patients for 30 min via a custom-
designed helmet. rEMS applications were repeated ten
times with a 1-week interval during the trial. So the 12
eyes of the patients received both WJ}-MSC and rEMS
constitute Group 1, and other 12 eyes of the same patients
received only rEM S constitute Group 2. Another different
6 patients’ both eyes (total 12 eyes) with TON received
only one subtenon injection of WJ-MSC with- out rEMS
application, which form Group 3.

The course was evaluated by comparing the BCVA,
FDPI, GCC thickness, pVEP-p100 latency, and amplitude
parameters measured before and at the fourth month of
applications in each group (Tables 1, 2, 3).

Group 1

Consists of 12 eyes of 12 patients treated with the WJ-
MSC and rEM S combination in one eye. WJ}MSC was
applied first to the patients after necessary preparations.
rEMS application was started 10 days after the WJ-
M SC application. The rEM S was applied with a custom-
designed helmet for 30 min after the subtenon WJ-MSC
application. WJ-M SC was applied only one time. rEMS
applications were repeated ten times with a 1-week inter-
val. The course was evaluated by comparing the BCVA,
FDPI, GCCthickness, pV EP-p100latency,and amplitude

Table1 Groupl: Demonstration of demographic characteristics, structural and functional changes of groupl to which WJ-MSC and

rEMS combination was applied

Patientno Eye Toxin BCVA Visual field FPDI GCC thickness VEP P100 lat.VEP VEP P100 ampl
P100 lat
Before After Before After Before After Before After Before After
1 L Methanol 80 98 49 69 101 82 132 105 3.1 5.8
2 R Methanol 35 92 15 72 92 64 148 112 2.1 4.7
3 L Amiodarn 89 110 34 98 103 88 136 101 3.4 7.2
4 L Methanol 35 80 47 65 88 61 154 114 11 4.2
5 R Sildenafil 50 83 38 61 94 60 144 114 1.8 3.4
6 L Methanol 50 98 37 59 91 70 139 106 29 6.3
7 L C0, 39 65 11 28 71 52 140 118 3.6 7.1
8 R Methanol 35 45 7 14 62 50 149 131 2.7 39
9 R Methanol 40 50 5 11 64 51 157 136 1.4 2.6
10 R Methanol 54 54 8 10 62 58 147 128 1.6 29
11 L Methanol 35 40 4 11 58 56 145 130 1.0 2.6
12 R Methanol 35 35 1 2 55 50 153 132 1.2 2.3

WJ-MSC Wharton’s jelly derived mesenchymal stem cell, rEMS repetitive electromagnetic stimulation, BCVA best corrected visual acuity (ETDRS letters), FPDI fundus
perimetry deviation index (%), GCC thickness Ganglion cell complex (um), VEP visual evoked potential, P100 lat latency (ms), P100 ampl amplitude (mV)
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Table 2 Group2: Demonstration of demographic characteristics, structural and functional changes of group2 to which only rEMS was

applied
Patientno Eye Toxin BCVA Visual Field FPDI GCC Thickness VEP P100 lat VEP P100 ampl
Before After Before After Before After Before After Before After

1 R Methanol 80 89 61 71 103 91 129 114 3.2 4.7
2 L Methanol 35 80 13 42 88 78 144 126 2.2 3.4
3 R Amiodaron 90 100 49 72 112 108 131 110 3.5 4.1
4 R Methanol 35 50 46 53 74 58 156 128 1.0 2.1
5 L Sildenafil 60 74 42 56 89 64 141 119 2.0 2.9
6 R Methanol 50 74 40 52 88 74 137 120 3.0 4.1
7 L CO, 40 50 13 17 74 59 138 124 3.7 43
8 L Methanol 35 35 12 12 57 52 144 141 2.9 2.9
9 L Methanol 45 45 7 8 65 53 154 155 1.7 1.6
10 L Methanol 59 59 8 8 62 59 146 145 1.6 1.4
11 R Methanol 36 36 3 2 58 57 153 150 1.7 1.7
12 L Methanol 39 39 2 2 56 54 152 151 1.3 1.3

rEMS repetitive electromagnetic stimulation, BCVA best corrected visual acuity (ETDRS letters), FPDI fundus perimetry deviation index (%), GCC thickness Ganglion cell
complex (um), VEP visual evoked potential, P100 lat latency (ms), P100 ampl/ amplitude (mV)

Table 3 Group3: Demonstration of demographic characteristics, structural and functional changes of group3 to which only WJ-MSC

was applied
Patientno Eye Toxin BCVA Visual field FPDI GCC thickness VEP P100 lat VEP P100 ampl
Before After Before After Before After Before After Before After

1 R Methanol 65 85 61 78 89 76 141 121 2.9 4.8
2 L Methanol 60 80 56 68 82 73 145 123 2.7 3.8
3 R Sildenafil 35 60 28 36 68 59 151 129 1.4 2.6
4 L Sildenafil 40 70 32 37 72 63 146 119 1.8 2.9
5 R Methanol 35 40 7 12 68 56 159 153 1.5 3.1
6 L Methanol 35 45 10 15 71 58 152 152 1.6 6.5
7 R Methanol 35 35 14 18 66 57 153 151 1.2 2.7
8 L Methanol 45 60 21 27 69 59 149 141 1.7 3.2
9 R Methanol 50 65 31 39 81 70 144 131 2.1 3.6
10 L Methanol 54 70 33 41 86 75 140 121 2.6 3.9
11 R Methanol 65 80 41 52 98 81 138 119 3.1 49
12 L Methanol 60 74 39 49 94 80 140 121 2.9 4.6

WJ-MSC Wharton’s jelly derived mesenchymal stem cell, BCVA best corrected visual acuity (ETDRS letters), FPDI fundus perimetry deviation index (%), GCC thickness
Ganglion cell complex (um), VEP Visual evoked potential, P100 lat latency (ms), P100 ampl amplitude (mV)

parameters measured before and fourth month of appli-
cations(Tablel).

Group 2

Consists of 12 eyes of 12 patients treated with only rEMS
in one eye. rEMS was applied with a custom-designed
helmet for 30 min. rEMS applications were repeated ten
times with 1-week intervals. The course was evaluated by
comparing the BCVA, FDPI, GCC thickness, pVEP-p100

latency, and amplitude parameters measured before and
fourth month of applications (Table 2).

Group 3

Consists of 12 eyes of six patients treated with only
WJI-MSC in two eyes. Only WJ-MSC was applied to
the patients after necessary preparations. WJ-M SC was
applied only one time for both eyes. Th course was
evaluated by comparing the BCVA, FDPI, GCC thick-
ness, pVEP-p100 latency, and amplitude parameters
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measured before and in the fourth month of applica-
tions(Table3).

Umbilical cord Wharton's jelly-derived mesenchymal stem
cells preparation

The mesenchymal stem cells used in this study were iso-
lated from Wharton’sjelly of the umbilical cord collected
alogenicly from a single donor with the mother’s con-
sent. The umbilical cord sample was treated following
several steps. Briefly, cord tissue was washed twice with
phosphate-buffered saline (Lonza, Switzerland), and the
Wharton’sjelly part was minced using forceps and ascal-
pel. Minced pieces were cultivated in a cell culture dish
(Greiner Bio-One, Germany) with Dulbecco’s modified
Eagle’smediumF12 (DM EM)-low glucosewithnoL-glu-
tamine (Biological Industries, Israel) and 10% human AB
serum (Capricorn, Germany), 1% 10.000 U/mL penicillin,
and 10.000 pg/mL streptomycin (Gibco, USA). All cell
preparations and cultivation procedures were conducted
in a current Good Manufacturing Practice (cGMP)
accredited laboratory (Onkim Stem Cell Technologies,
Turkey). The culture-expanded cells were cryopreserved
at P3 using standard cryopreservation protocols until
used in the following experiment. CryoSure-DEX40
(WAK-Chemie Medical, Germany) containing 55%
Dimethyl Sulfoxide and 5% Dextran 40 was used as cry-
opreservant. The cells were characterized at the time of
cryopreservation using flow cytometric analysisto deter-
mine the expression of the positive cluster of differentia-
tion (CD) surface markers, CD90, CD105, CD73, CD44,
CD29, and negativefor CD34,CD45,andCD11b(Fig. 1a,
b). Using real-time polymerase chain reaction (QPCR),
the expressions of several genes, such as tumor necrosis
alpha (TNF alpha) and vimentin (VIM), were analyzed.
Additionally, quality control analyses, such as myco-
plasma and endotoxin analyses (using the PCR and LAL
test combined with sterility analysis, respectively) were
also completed. Cells were solubilized from cryopreser-
vation before being prepared for injection. The average
cell viability for each treatment wasover 90.0%, and each

patient received 2-6 x 10° cellsin a 1.5 ml saline solution
(Fig. 1a, b).

Injection of umbilicalcordW3-MSCs

The WJ-MSCs suspension from the culture was deliv-
ered to the operating room by cold chain and used within
24 h. A total of 1.5 ml of the WIMSC suspension was
immediately injected into the subtenon space of each eye.
The procedure was conducted under topical anes- thesia
with proparacaine hydrochloride drops (Alcaine, Alcon,
USA) and sterile conditions. A 5/0 atraumatic traction
suture was applied to the limbus for easy access
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and manipulation to the application area. A small cut was
made through the conjunctiva and tenon capsule up to the
sclera in the superior-temporal quadrant, 13 mm away
from the limbus, to insert a 20 G subtenon curved cannula
(BD, Visitec, UK). Subsequently, a 7/0 vicryl suture was
passed through the conjunctiva and tenon and tied down
with a loop creation. A curved subtenon can- nula
attached to the 2.5 cc syringe filled with 1.5 ml fluid
containing stem cells was inserted through the cut and
forwarded into the extraocular muscle conus until reach-
ing the sclera. Fluid (1.5 ml) was then injected. While the
cannula was drawn back, a loop was tightened to prevent
leakage. Postoperatively, loteprednol and tobramycin
combination eye drops were given four times per day for
1 week, and oral amoxicillin-clavulanate (1 g) was given
twice aday for 5 days.

Retinal repetitive electromagnetic stimulation (rEMS)
Specifically designed helmet producing repetitive high-
frequency electromagnetic stimulation (rfEMS) Mag-
novision™, Bioretina Biotechnology, Ankara, Turkey)
stimulated the retinas and visual pathways in both eyes
with an electromagnetic field strength of 2000 miligauss,
frequency of 42 Hz, and duration of 30 min. These values
were previously determined to be effective for other clini-
cal and preclinical studies (Fig. 2).

Timeframe
The patients were evaluated at several study timepoints:

» TO: Baseline evaluation; to evaluate the structural and
functional conditions of the eyes due to toxicity just
before the treatment modalities

« T1: First-month assessment; for clinical/ophthalmo-
scopic evaluation and possible complications. Quan-
titative parameters were not studied.

« T2: Fourth-month assessment; structural and func-
tional evaluation to assess the value of treatment
modalities. An ophthalmic examination was made to
detect possible complications.

Primary outcome measure

ETDRS visual acuity: The visual acuity scores obtained
from the TO and T2 examinations were analyzed and
compared using statistical tests to determine
effectiveness.

Secondary outcome measures: The following scores
obtained from the TO and T2 examinations were ana-
lyzed and compared using statistical tests to determine
effectiveness.

Visual field sensitivity: Fundus perimetry deviation
index (FPDI, %).
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Fig. 1 aThe phenotypic characterization of Wharton jelly derived mesenchymal stem cells before cryopreservation. b The phenotypic

characterizationof Whartonjelly derivedmesenchymalstem cellsaftercryopreservation
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Fig.1 continued
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Fig.2 Retinal electromagnetic stimulator (rEMS) device. Application of the helmet to stimulate the retina-optic nerve and visual pathways [35-37]

FPDI was examined in the 24/2 visua field of the
computerized perimetry records. The FPDI offers data
explaining how many of the 100 flashing points and what
percentage of the visual field could be correctly seen by
the patient. For VF analysis, practice rounds were car-
ried out three times before applications to avoid mistakes
during the test.

Ganglion cell complex thickness (GCC thickness, um):
GCC is the thickness from the internal limiting mem-
brane to the inner plexiform layer in the 33 mm of
foveal area. The measurement is done automatically by
the OCTA device. GCC is the tota thickness of the gan-
glion cells and retinal nerve fibers (OCTA from RTVue
XR, Avanti, Optovue, Fremont, CA, USA).

Pattern wvisual evoked potential (pVEP): pVEP is an
objective test that measures the electrical activity of the
optical pathway in response to alight stimulus. The 120
patterns reveal responses from all retinal quadrants. The
measurements were taken according to the ISCEV stand-
ards for both eyes. We used the 120-pattern VEP proto-
col, which combines p100 implicit time and amplitude, to
createanumerical result.

Definition of safety outcome

Orbital inflammation, diplopia, ocular allergic reac-
tions, intraocular hemorrhages, retinal vessel occlusions,
retinal detachment, and acute glaucoma were serious
adverse ocular events. B-scan orbital ultrasonography
was also used to detect and confirm complications at T1
and T2 time points. Systemic allergic reactions and ana-
phylaxiswereconsideredtobesystemicsideeffects.

Statistical methods
Descriptive statistics are presented with frequency,
percentage, mean, and standard deviation values. The

Kruskal Wallis test was used to analyze the differences in
BCVA, FPDI, GCC thickness, pVEP P100 amplitude, and
implicit time scores according to the TO and T2 times.
The Mann-Whitney U test was used for measurement
differences between groups. The Sidak test was used to
compare delta changes between groups. In the study,
p-values<0.05 were considered statistically significant
(a =0.05). Analyses were done with the SPSS 25.0 pack-
age program.

Results

The mean age and type of toxicity: The mean age was
39.9 years (range, 22-58 years) in Group 1 (10 male, two
female); 39.9 years (range, 22-58 years) in Group 2 (10
male, two female); and 38.3 years (range, 26-59 years)
in Group 3 (12 male). There was no statistical difference
between the groups in terms of age (p = 0.63). In Group
1, methanol was the main cause of intoxication in nine
cases, amiodaronein one case, sildenafil in one case, and
CO, in one case. Group 2 consisted of the fellow
eyes of the patientsin Group 1, which iswhy the reasons
for intoxication were the same. Group 3 consisted of 12
eyes of six patients, and methanol was the main cause
of intoxication in ten cases and sildenafil in two cases
(Tables 1, 2, 3). Overall, methanol toxicity was the main
reason seenin 77.7% of cases.

The mean best-corrected visual acuity (m-BCVA):
Group 1 could identify a mean of 48.1 letters before with
WJ-MSC + rEMS applications and mean 70.8 |etters after
the procedures at fourth month (p = 0.01). Group 2 had
an m-BCVA of 50.3 letters at baseline and 60.9 letters
after rEMS applications at the fourth month (p = 0.03).
Group 3 had an m-BCVA score of 48.3 letters before WJ-
MSC applications and 63.7 letters after the applications
in the fourth month (p = 0.02). The BCVA delta change
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Table 4 Statistical comparison of measurements according to groups

Measurements Group pG1 pG2 pG3
Groupl Group2 Group3
X=tss X=*s.s X=*s.s
BCVAbefore 48.08+18.44 50.33+18.58 48.25+12.26 0.01* 0.03* 0.02*
BCVA after 70.83+25.84 60.92+21.93 63.67+16.33
Visual field FPDI before 21.33+18.14 24.67+21.12 31.08 +16.81 0.01* 0.02* 0.04*
Visualfield FPDI after 41.67+32.29 32.92+27.31 39.33+20.31
GCCthickness 78.42+17.99 77.17+18.77 78.67+11.16 0.01* 0.04* 0.02*
GCCthickness 61.83+12.47 67.25+17.41 67.25+9.54
VEPP100lat. before 145.33+7.56 143.75+8.95 146.5+6.4 0.01* 0.03* 0.02*
VEP P100 lat. after 118.92+12.03 131.92+15.67 131.75+13.73
VEP P100ampl before 2.16+0.94 2.32+091 2.13+0.68 0.01* 0.04* 0.01*
VEPP100amplafter 4.42+1.79 2.88+1.24 3.88+1.14

**Mann Whitney U test, *p<0.05: statistically signifficant

BCVA best corrected visual acuity, (ETDRS letters), FPDI fundus perimetry deviation index (%), GCC thickness Ganglion cell complex (um), VEP Visual evoked potential,

P100 lat latency (ms), P100 ampl amplitude (mV)

Table 5 Statistical comparison of delta changes (A) according to
groups

Measurements Group p comparision
Groupl Group2  Group3
A A A
BCVA 47% St 21%52 32%%3 0.01* G1>G3>G2
Visualfield FPDI  95%°! 33%52 27%%3 0.01* G1>G2>G3
GCC thickness — 21%% —13%%2 —15%% 0.01*G1>G3>G2
VEPP100lat —18%%1  —8%%  —10%% 0.01*G1>G3>G2
VEPP100ampl  105%°!  24%°2 83%%3 0.01*G1>G3>G2

A rate of change was calculated as the last-first measurement / first
measurement. **(Sidak comparision test, *p <0.05: statistically signifficant)

BCVA best corrected visual acuity (ETDRS letters), FPDI fundus perimetry
deviation index (%), GCC thickness Ganglion cell complex (um), VEP visual
evoked potential, P100 lat latency (ms), P100 ampl amplitude (mV)

percentages of the groups can be ranked as. Group 1
(47%) > Group 3 (32%) >Group 2 (21%) (Tables 1, 2, 3 4,
5).

Th mean of the fundus perimetry deviation index (m-
FDPI): Th s value was 21.3% in Group 1 before the
combined WJ-MSC and rEMS applications and 41.7%
after the procedures at the fourth month (p = 0.01). In
Group 2, the m-FDPI was 24.7% at the fi measure-
ment and 32.9% after only rEMS applications at the
fourth month (p = 0.02). In Group 3, the m-FDPI was
31.1% before WJ-MSC applications and 39.3% at the
last examination in the fourth month (p =0.04). Th
m-FPDI delta change percentages of the groups can be
ranked as: Group 1 (95%)>Group 2 (33%)>Group 3
(27%) (Tables 1, 2, 3, 4, 5; Figs. 3, 4, 5, 6).

Th mean ganglion cell complex (m-GCC) thickness
in Group 1 was 78.4 um before combined manage-
ment and 61.8 um after the procedures (p = 0.01). In
Group 2, the m-GCC thickness was 77.2 um at the fi
and 67.3 pm after the rEMS applications (p = 0.04).
In Group 3, the m-GCC thickness was 78.7 um before
WJ-M SC applications and 67.3 um after the applica- tions
(p = 0.02). Th m-GCC thickness delta change (decrease
in thickness) percentages can be ranked as. Group 1 (—
21%) >Group 3 (— 15%) > Group 2 (— 13%)

(Tables1, 2, 3, 4, 5; Figs. 7 and 8).

Th mean pattern visual evoked potentials P100 (m-
P100) amplitudes and latency: Th mean P100 latency
was 1453 m in Group 1 before the com- bined

application and 118.9 ms after the procedures (p =
0.01). In Group 2, the P100 latency was 143.8 ms at

thefi  measurement and 131.9 ms after rEM S applica-
tions (p = 0.03). In Group 3, the mean P100 latency was
146.5 ms before WJ-MSC applications and 131.8 ms at
the last examination (p = 0.02). Th P100 latency delta
change percentages of the groups can be ranked as. Group
1 (— 18%) >Group 3 (— 10%)>Group 2 (—8%). Th
mean P100 amplitude was 2.2 mV in Group 1
before the combined application and 4.4 mV after the
procedures (p = 0.01). In Group 2, the P100 amplitude
was 2.3 mV at the fi and 2.9 mV after rEMS applica-
tions (pp = 0.04). In Group 3, the mean P100 amplitude
was 2.1 mV before WJ-MSC applications and 3.9 mV
at the last examination (p = 0.01). Th P100 amplitude
delta change percentages of the groups can be ranked
as. Group 1 (105%)>Group 3 (83%)>Group 2 (24%)
(Tables 1, 2, 3, 4, 5; Figs. 9, 10, 11).
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Fig. 3 aVisual field enlargement according to study timepoints (TO, T2) in the eye treated with combination of WJ-MSC and rEMS. Note the change
in FPDI values (Table 1, patient 1: left eye). (a) Before application, FPDI49% (b) at 4th month, FPDI 69%. b Visual field enlargement according to
study timepoints (TO, T2) in the eye treated with only rEMS. Note the change in FPDI values (Table 2, patient 1: right eye). (a) Before application, FPDI
61% (b) at 4th month, FPDI 71%
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Fig. 4 aVisual field enlargement according to study timepoints (TO, T2) in the eye treated with combination of WJ-MSC and rEMS. Note the change
in FPDI values (Table 1, patient 3: left eye). (a) Before application, FPDI 34% (b) at 4th month, FPDI 98%. b Visual field enlargement according to study
timepoints (TO, T2) in the eye treated with only rEMS. Note the change in FPDI values (Table 2, patient 3: right eye). (a) Before application, FPDI 49%

(b) at 4th month, FPDI 72%
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Fig. 5 aVisual field enlargement according to study timepoints (TO, T2) in the eye treated with combination of WJ-MSC and rEMS. Note the change
in FPDI values (Table 1, patient 4: left eye). (a) Before application, FPDI 47% (b) at 4th month, FPDI 65%. b Visual field enlargement according to study

timepoints (TO, T2) in the eye treated with only rEMS. Note the change in FPDI values (Table 2, patient 4: right eye). (a) Before application, FPDI 46%
(b) at 4th month, FPDI 53%
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Fig. 6 aVisual field enlargement according to study timepoints (TO, T2) in the eye treated with only WJ-MSC. Note the change in FPDI values

(Table 3, patient 1: right eye). (a) Before application, FPDI 61% (b) at 4th month, FPDI 78%. b Visual field enlargement according to study timepoints
(TO, T2) in the eye treated with only WJ-MSC. Note the change in FPDI values (Table 3, patient 4: left eye). (a) Before application, FPDI 32% (b) at 4th
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When Groups 1, 2, and 3 were compared using the
Sidak test according to the delta change percentages,
the combined application of WJ-MSC and rEMS sig-
nifi antly increases all assessment parameters (Table 5).

No serious ocular or systemic adverse events were
encountered in any group related to WIMSC and rEMS
applications in the fourth month. The patients are till
being followed for the assessment of long-term results.

Discussion

The axons of the ganglion cells, which form the retina
nerve fiber layer, are unmyelinated until the lamina cri-
brosa. Retinal nerve fibers are composed of the optic nerve
head in the prelaminar region. Microtubules form the
skeleton of the axons, and retinal nerve fibers are sur-
rounded by oligodendrocytes and become myelinated
in the post-laminar region. Organelles, mitochondria,
protein synthesis, intracellular digestion, and all vital
activities take place in ganglion cells. Bidirectional axo-
plasmic flow occurs for the vital and functional activities
of axons. From the ganglion cells to the lateral geniculate
nucleus, structural and functional proteins, neurotrans-
mitters in vesicles, mitochondria, and ions flow towards
the synaptic end. Neurotransmitters, organelles, and ions
need to be regenerated, and cellular wastes need to be

digested to flow from the synaptic end to the ganglion
cells [15-18]. Oligodendrocytes secrete exosomes con-
taining neurotrophic growth factors for healthy func-
tioning of myelinization and axoplasmic flow [17]. The
intracranial portion of the optic nerve is more sensitive
to toxins than the retinal portion, as various toxins target
the myelin sheath and axoplasmic proteins. In fact, this
portion lacks the protective role of the blood-retinal bar-
rier. Long-term stasis of the axoplasmic flow and imbal -
ance of ion channels triggers the neuroinflammation and
apoptosismechanisms|[15,19].

Methanol is the most accessible industrial alcohol and
disinfectant and the most common public health prob-
lem for optic nervetoxinsin clinical practice, mostly due
to fake alcohol production and drinks. When methanol
is metabolized in the liver by the alcohol dehydrogenase
enzyme, it is converted into formic acid and formalde-
hyde. Formic acid destroys oligodenrocytes and myelin
sheath (demyelination) by causing metabolic acidosis.
Formaldehyde disrupts adenosintriphosphate (ATP) syn-
thesis by blocking the mitochondrial function and oxi-
dative phosphorylation in the axons. Both metabolites
block axoplasmic flowsand destabilizetheNa-K-ATPase
and Ca/Calmodulin ion channels. Denatured proteins
accumulate in axons and cause swelling in the ganglion
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Fig. 8 Improvement in “ganglion cell complex thickness” according to study timepoints (TO, T2) in the OD eye treated with combination of WJ-MSC
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Fig. 9 Improvementin “pattern VEP” according to study timepoints (TO, T2) in the eye treated with combination of WJ-MSC and rEMS (Table 1,
patient 6: left eye). a Before application, P100 latency 139 ms, P100 amplitude 2.9 mV b at 4th month, P100 latency 106 ms, P100 amplitude 6.3 mV

synthesis in mitochondria cause calcium ions to initiate
apoptosis mechanisms in axons [4, 5, 20]. Methanol was
the most common toxic substance (77.7%) encountered
in our cohort study. Sildenafil is a vasoactive agent used
in the treatment of erectile dysfunction. Its frequent use

cell complex (GCC). These swelling changes were also
displayed in our study: by one of the features of OCTA.
The accumulation of denatured proteins within axons
leads to neuroinflammation. Neuroinflammation, dis-
ruption of ion channel balances, and blockage of ATP
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Fig. 11 Improvementin “pattern VEP” according to study timepoints (TO, T2) in the eye treated with only WJ-MSC (Table 3, patient 6: left eye). a
Before application, P100 latency 152 ms, P100 amplitude 1.6 mV b at 4th month, P100 latency 152 ms, P100 amplitude 6.5 mV

might lead to decreased optic nerve head blood flow
and hypoxia. It is stated that non-arteritic ischemic optic
neuropathy (NAION) occurring in male patients of a
certain age may be associated with phofodiesterase
inhibitorstaken before[4, 21]. Carbon dioxide poisoning
similarly leads to neural hypoxia. Hypoxia causes block-
age of mitochondrial ATP synthesisand axoplasmic flow.
It triggers axoplasmic swelling, neuroinflammation, and
apoptosis [4]. Amiodarone is a potassium ion channel
blocker drug used in the treatment of cardiac arrhyth-
mias. Long-term use may cause disruption of ion chan-
nel balanceintheoptic nerve and blockage of axoplasmic

flow. Changes in intra-axona ion balances can lead to
asymmetric neuroinflammation and apoptosis[4, 5] .
Wharton’s jelly-derived mesenchymal stem cells (WJ-
M SC) have a high paracrine effect and secrete exosomes
into the chorioretinal microenvironment. Exosomes
contain neurotrophic growth factors, various cytokines,
and micro-RNA fragments. Neurotrophic growth factors
accelerate ATP synthesis in mitochondria. The interleu-
kin family and some other cytokines found in exosomes
accelerate the digestion of denatured proteins and defec-
tive mitochondria found in the axoplasm. Autophagy and
mitophagy help restore axoplasmic flow. Similar to the
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exosomes of oligodendrocytes, micro-RNA fragments
contribute to remyelination. Some cytokinesin exosomes
prevent glial phagocytosis by immunomodulation and
suppress neuroinflammation. All these factors cause
inhibition of apoptosis mechanisms and increase the sur-
vival rate of axons and ganglion cells[6-10, 22, 23]. The
subtenon space is a relatively avascular region and is a
suitable culture medium for WJ-M SCs [22-24]. Retina
progenitor stem cells are administered subretinally or
intravitreally due to their neuronal transformation prop-
erties. WJMSCs are used in clinical practice for secre-
tory exosomes, not neuronal transformation [25-27].
Molecules smaller than 75 kD can pass through the scle-
ral pores by passive diffusion. The passage of molecules
larger than 75 kD through the sclerais possible with elec-
trical/electromagnetic iontophoresis. Exosomes secreted
by WJMSCs can pass from the sclera to the choroidal
matrix passively or by electromagnetic iontophoresis.
Growth factors in the exosome pass from the choroidal
matrix to the subretinal space via tyrosine kinase recep-
tors [28-37]. In our study, it was aimed that exosomes,
not cells, reach the retina. For this reason, the subtenon
regionwaspreferredfor WJ-M SCs.

Na/K-ATPase and Ca/Calmodulin ion channels in
axons perform neurotransmission by providing neuronal
polarization-depol arization and repol arization. lon chan-
nels and intracellular and extracellular ion balances are
disturbed in toxic optic neuropathies. lon imbalances
cause cells to switch to dormant phase or “off mode”. At
this stage, neurons and axons are alive but unable to per-
form neurotransmission [19]. Repetitive electromagnetic
stimulation provides rearrangement of ion channels and
ion balances. rEMS accelerates neurotransmission and
synaptic transmission with aternating current in neural
tissues. rEM S increases the passage of large therapeutic
moleculesinto neural cells by electromagnetic iontopho-
resis. rEMS accelerates blood flow and metabolism in
neural tissues, increasing the intracellular elimination of
glutamate and other metabolites. The ability of the axons
to perform the polarization-depolarization-repolari-
zation cycle allows the axons in “off mode™ to be reacti-
vated, that is, to switch to “on mode” [11-14, 34-37]. For
thesereasons, weinvestigated the effects of WJ-M SC and
rEM S on toxic optic neuropathies as they are compatible
with pathophysiology and mechanism of action.

BCVA improved significantly in all three groups. We
observed that the combination of WJMSC and rEMS
synergistically provides a more significant BCVA
increase. We aso observed the same synergistic effect
on FPDI. GCC thickness decreased more in stem cell-
treated groups 1 and 3 than non-stem cell-treated Group
2 (only rEMS applied). GCC thickness indicates the com-
bined thickness of ganglion cells and retinal nerve fiber
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layer. GCC thickness may increase due to blockade of
axoplasmic flow. This thickness may decrease with an
improvement of axoplasmic flow or apoptosis of gan- glion
cells. We observed no significant improvement in visual
acuity and visual field when GCC thickness was less
than 60 um, indicating atrophy. We believe that a GCC
<60 pm may be a sign of severe apoptosis and poor
prognosis, according to our clinical observation. The
decrease in GCC thickness in the stem cell groups was
associated with significant improvement in BCVA and
FPDI. In these groups, the higher rate of GCC over 60 pm
can be explained by the improvement of the axoplasmic
flow and less apoptosis rate. If there is no improvement
in visual functions with the decrease in GCC thickness,
we can think that this decrease is related to apoptosis.
Ancther opinion; It may be that neurons surviving after
a severe apoptosis increase the transition to ON mode
with regenerative-restorative applications [38]. When
pVEP p100 amplitudes were compared for al groups, we
observed a similar increase in WJ}MSC when applied in
Group 1 and Group 3. We found that this increase was
less in the rEMS group alone. We believe that this situ-
ation is related to the increase in the number of reactive
axons. All anatomical and functional data show that the
combination of WJ}MSC and rEMS is synergistically
more effective than individual applications of WJ-MSC
or rEMS. We believe that the increase in intracellular
transport of growth factors greater than 75 kD by elec-
tromagnetic iontophoresis also causes the combined
treatment to be more effective [30-37].

The quantity of methanol consumed, hemodialysis
application in the first 2 days, the use of bicarbonate to
neutralize acidosis, the early use of ethanol as a com-
petitive inhibitor of the enzyme alcohol-dehydrogenase,
and of steroids with anti-edema and anti-inflammatory
action, the serum level of vitamin B12 and the indi- vidual
characteristics of the alcohol dehydrogenase enzyme in
the liver influence the rate of toxicity and the relative
extent of permanent damage to the optic nerve. The first
emergency intervention was performed for all patients in
specialized intensive care clinics participat- ing in this
study. The success rate was 77.8% in patients who
received WJMSC and rEMS combination therapy in
methanol intoxication. We think that 22.2% of unre-
sponsive cases can be accounted for by the individual
variables mentioned above. It is reported that progres-
sive vision loss develops in the first 3 months when no
treatment other than emergency intervention is applied
in methanol intoxication. It is known that apoptosis
continues rapidly and permanent axon and ganglion cell
loss develop in the first 3 months. In toxic optic
neuropathies, axons and ganglion cells are in the dor-
mant/off mode before apoptosis. Incompatible axonal
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microenvironmental imbalance with vital conditions
triggers apoptosis[4, 5, 20]. Webelieve that the increase
in visual functions results from the neurotrophic growth
factors, cytokines, and microRNA in WJ-M SC exosomes
through a rearrangement of the microenvironmental bal-
ance. When the visual results were compared according
to the groups, we observed that rEMS synergistically
increased the efficacy of WJ-M SC. Thiscan be explained
by the fact that rEMS restores ion channels and ion bal-
ance, making axons suitable for impulse transmission
[39-41].

Amiodarone is a cardiac antiarrhythmic that inhib-
its K channels. Long-term use of amiodarone can result
in asymmetric toxic optic neuropathy. A patient who
applied to our clinic complaining of a sudden decrease
in vision in the left eye was consulted by the cardiology
in terms of amiodarone intoxication. On examination,
asymmetric TON was also detected in the right eye. We
applied a combination of WJ}MSC and rEMS to the | eft
eye and rEM S only to theright eye. Wefound adramatic
improvement in both eyes. Since methanol also disrupts
axpolasmic flow, we detected central and centrocecal
scotoma, while amiodarone only disrupts ion channels,
we detected peripheral concentric scotoma. Signifi-
cant improvement was also observed in the eye that was
treated only with rEMS. This situation supports our
hypothesis that rEMS acts by regulating the ion chan-
nel balance [24]. Sildenafil and carbon dioxide causes
ischemic and hypoxic changes in the optic nerve. They
can disrupt ATP synthesis, axoplasmic flow, and ion bal -
ance. At higher concentrations (>10%), carbon dioxide
may cause convulsions, coma and death. Corbon diox-
ide poisoning can occur in submarines and scuba divers
when scrubbers aren’t functioning properly, as seen in
our one case. Damages of toxins that cause hypoxia can
also significantly improve with the early application of
WJIMSC and rEMS. We think that this effect is due to
the fact that rEMS increases neural blood flow and the
paracrine effect of WJMSC [39-41]. No systemic or
local side effects due to WJ-M SC and/or rEM S applica-
tionsweredetected.

The study has some limitations. It has reported in
the literature that the paracrine effects of WJ-MSC last
for an average of 3 years. Longer follow-ups are needed
to determine how long the effects will continue in our
cases and whether additional applications will be needed.
Determining how each exosome content specifically
affects ganglion cells and axons is a separate topic of
research. Another limitation is that the groups were small
and mostly composed of methanol intoxication. Larger,
multicenter studies will contribute to homogenizing the
amount of poison, the duration of application, and indi-
vidual characteristics. Large case series are also needed
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to examine the differences between treated and untreated
eyes.

Conclusion

Toxic optic neuropathies are emergent pathologies that
can result in acute and permanent blindness. After poi-
soning with toxic substances, progressive apoptosis
continuesin optic nerve axons and ganglion cells. After
the proper fi systemic intervention, the WJ-MSC and
rEMS combination seems very effective in the short-
term period in cases with TON. To prevent permanent
blindness, a combination of WJ-M SC and rEM S appli-
cation as soon as possible may increase the chance of
successin currently untreatable cases.
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Abstract

To investigate whether the natural progression rate of retinitis pigmentosa (RP) can be decreased with subtenon \Wharton's jelly-derived mesen-
chymal stem cell (WJ-MSC) application alone or combination with Magnovision.

The study included prospective analysis of 130 eyes of 80 retinitis pigmentosa patients with a 36-month follow-up duration. Patients constitute
4 groups with similar demographic characteristics. The subtenon WJ-MSC-only group consisted of 34 eyes of 32 RP patients as Group 1; the
Magnovision-only group consisted of 32 eyes of 16 RP patients as Group 2; the combined management group consisted of 32 eyes of 16 RP
patients who received combined WJ-MSC and Magnovision as Group 3; the natural course (control) group consisted of 32 eyes of 16 RP patients
who did not receive any treatment were classified as Group 4. Fundus autofluorescence surface area (FAFfield), horizontal and vertical ellipsoid
zone width (EZW), fundus perimetry deviation index (FPDI), full-field electroretinography magnitude (ERG-m), and best corrected visual acuity
(BCVA) changes were compared within and between groups after 36 months follow up period.

FAF-field delta changes were detected 0.39 mm? in Group 1, 1.50 mm? in Group 2, 0.07 mm? in Group 3 and 12.04 mm? in Group 4 (Ap
4> 2> 1> 3). Horizontal EZW, Vertical EZW, BCVA, and FPDI delta changes were detected Ap 4 > 1,2 > 3. ERG-m delta changes were detected
Ap 3>1,2,4.

Retinitis pigmentosa characterized by progressive loss of photoreceptors eventually leading to total blindness. The combination of WJ-MSC
and Magnovision can significantly slow the progression of the disease in comparison to natural progression rate for 3 years in appropriate
cases.

Trial Registration: ClinicalTrials.gov, NCT05800301.
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Significance Statement

Hereditary retinal dystrophies result in progressive vision loss and total blindness in productive age. In addition to visual impairment, the
most important complication is suicide. Injection of Wharton's jelly-derived mesenchymal stem cells into the deep subtenon space is
effective and safe for slowing disease progression. Magnovision application, which is used to regularly stimulate exosome degranulation
of stem cells and increase the duration of action, has been found to be synergistically effective and safe. A new method that can prevent
the progression of retinitis pigmentosa to blindness has been scientifically defined in a 3-year prospective study.

Lessons Learned

appropriate cases.

Retinitis pigmentosa characterized by progressive loss of photoreceptors eventually leading to total blindness. The combination of
WJ-MSC and Magnovision can significantly slow the progression of the disease in comparison to natural progression rate for 3 years in

Introduction

Retinitis pigmentosa (RP) is one of the most common
inherited diseases of retinopathies. It is estimated to affect 1
in 3000 to 1 in 4000 people globally. RP is a genetic disease
group characterized by progressive loss of photoreceptors.
At least 90 different structural and functional proteins have
been identified in the sensory retina, which is necessary for the
healthy functioning of the visual cycle. At least 300 genes en-
code these proteins, and their fragments have been identified
in the sensory retina. Mutations in any of these 300 genes
lead to outer retinal degeneration and RP. In classical RP, ge-
netic mutations primarily impair the functions of rod cells.
Structural and functional protein deficiency causes rod cells
to enter the dormant phase and undergo apoptosis. The in-
heritance pattern can be autosomal dominant, autosomal re-
cessive, X-linked, mitochondrial, or spontaneous mutations.
The rate of disease progression is different in each inheritance

pattern. Patients first complain of difficulty seeing at night
and prolonged dark adaptation. As rod cell loss increases,
the peripheral visual field begins to narrow. The narrowing
of the visual field progresses at a rate of 5%-15% each year,
depending on the inheritance pattern, and finally, the cone
cells are affected. Apoptosis of rod/cone cells results in end-
stage RP, then progresses to total blindness.!"

Wharton’s jelly-derived mesenchymal stem cells (W]-MSCs)
have a high paracrine effect and secrete exosomes containing
different growth factors (GFs) and neurotrophins. These
peptides in the exosome content are functional and struc-
tural peptides for neurons. Peptides that cannot be encoded
in RP can be substituted by WJ-MSCs exosomes. Growth
factors and neurotrophins in the exosome can accelerate the
entry of glucose into retina pigment epithelium (RPE) and
photoreceptors and their conversion to ATP, an energy mol-
ecule. These neurotrophins can also provide homeostasis,
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Figure 1. The phenotypic characterization, flow cytometric analysis, and final product of Wharton jelly derived mesenchymal stem cells. Scale bar =

200 pm.

preventing apoptosis by accelerating the phagocytosis of cel-
lular metabolic wastes.*$

High-frequency repetitive electromagnetic  stimulation
(rEMS) can modulate ion channels in neurons depending on fre-
quency, magnetic field, and duration variables. If the dormant
phase—which is the sleep mode caused by genetic mutations
in the sensory retina—is prolonged, apoptosis and permanent
photoreceptor loss occur. Activation of ion channels and accel-
eration of neuromodulation by electromagnetic stimulation can
prevent neuronal apoptosis. Scientific studies have also shown
that rEMS increases mesenchymal stem cells’ exosome degran-
ulation. Another effect of rEMS is the iontophoresis effect. The
passage of large molecules into the cells through the scleral
pores is possible by changing the electrical charges between
neurotrophins and their receptors and increasing the affinity.
It can also induce the delivery of higher amounts of GFs and
neurotrophins into the subretinal environment and retina.”!¢

This prospective clinical study aims to investigate whether
RP progression can be slowed or maintained with the inocu-
lation of WJ-MSCs alone into the deep subtenon space or in
conjunction with rEMS application compared to the natural
course of the disease.

Materials and Methods

Ethics committee approval for the umbilical cord WJ-MSCs
study was obtained from the Ankara University Faculty of
Medicine Clinical Research Ethics Committee (17-700-19). It
was also approved by the “Review Board of the Cell, Organ,
and Tissue Transplantation Department” within the Turkish
Ministry of Health (56733164/203 E.2140). Ethics com-
mittee approval for the transcranial electromagnetic stimula-
tion study was obtained from the Ankara University Faculty
of Medicine Clinical Research Ethics Committee (11-962-19)

and the “Review Board of the Drug and Medical Device
Department” within the Turkish Ministry of Health (2019-
514). The study was performed following the tenets of the
2013 Declaration of Helsinki. Written informed consent was
obtained from the RP patients before enrollment.

This prospective, sequential, open-label clinical study
was conducted at Ankara University Faculty of Medicine,
Department of Ophthalmology, between January 2019 and
December 2022. The study included 130 eyes of 80 RP patients
with a 36-month follow-up duration. A genetic mutation RP
panel test also confirmed the diagnosis in the study cohort and
the clinical and imaging findings. All patients enrolled in this
study underwent a complete routine ophthalmic examination,
including the best-corrected visual acuity (BCVA) measure-
ment with the early treatment of diabetic retinopathy study
(ETDRS) chart (Topcon CC 100 XP, Tokyo, Japan). Structural
changes of retinal layers were examined and followed using
an optical coherence tomography angiography (OCTA) multi-
modal imaging device from RTVue XR (Avanti, Optovue) and
a fundus autofluorescence (FAF) device (Topcon TRC-NWS8F
plus). Functional changes in the photoreceptors and outer ret-
inal cells were examined and followed using a retina-tracking,
computerized perimetry device (Compass, CenterVue) and
digital electroretinography (ERG) device (Diopsys Nova ERG-
VEP System/RFA), which is an office-based easy-to-use retinal
function analyzer of the retina and visual pathway.

The ellipsoid zone width (EZW) showed a healthy inner
and outer segment of photoreceptors and was measured hor-
izontally and vertically by the manual segmentation program
of the OCTA device. Since many retinal pathologies, including
RP, often lead to RPE dysfunction and lipofuscin accumula-
tion, abnormal autofluorescence patterns on FAF imaging can
act as markers for retinal disease. The hyperautofluorescent
ring constricts over time, acting as a marker of disease
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Figure 2. Deep subtenon injection of 5 000 000 WJ-MSC in 1.5 mL suspension and confirmation of inoculation site by orbital ultrasound.

Figure 3. Retinal electromagnetic stimulator (Magnovision) device. Application of the helmet to stimulate the retina-optic nerve and visual pathways.

progression. The FAF surface area (FAF-field) was calcu-
lated automatically via the special program of the FAF device
after marking the horizontal and vertical longest axes of the
hyperfluorescent field. The fundus perimetry deviation index
(FPDI) records were examined in the 24/2 mode by compu-
terized perimetry records. The FPDI offers data explaining
how many of the 100 flashing points can be seen correctly
by the patient and what percentage of the visual field can be
seen. Magnitude changes of multi-luminance flicker-full field
electroretinography (ERG-m) were recorded by the Diopsys
retinal function analyzer, which refers to the action potentials
and phase deviations recorded from global photoreceptors/
outer retinal cells stimulated with different light intensities.

Genetic Analysis

The diagnosis of RP was made clinically after a complete oph-
thalmological examination. The patients’ clinical and detailed

family histories were obtained. In terms of syndromic RP,
systemic symptoms, such as hearing loss, polydactyly, and
mental retardation, were investigated. After obtaining clinical
data, the patient was referred to the medical genetic clinic.
Blood samples were taken from patients and, if necessary,
from family members; genetic mutations and inheritance
patterns were investigated using a DNA RP panel sequencing
method consisting of 90 genes.

Umbilical Cord Wharton’s Jelly-Derived
Mesenchymal Stem Cells Preparation

The mesenchymal stem cells used in this study were iso-
lated from Wharton’s jelly of the umbilical cord collected
allogenicly from a single donor with the mother’s consent.
The umbilical cord sample was treated following several
steps. Briefly, cord tissue was washed twice with phosphate-
buffered saline (Lonza), and the Wharton’s jelly part was
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Table 1. Demographic characteristics and anatomical follow-up parameters of Group 1 (management with only WJ-MSCs).
Patient no Genetic mutation Eye Horizontal EZW Vertical EZW FAF field
TimeO Timel Time0O Timel Time0 Timel

1 RHO R 3.56 3.58 4.62 4.64 8.1 8.2
2 RP1 L 3.21 3.27 3.36 3.38 7.9 8.0
3 EYS R 1.86 1.55 1.15 0.88 3.1 2.5
4 PCARE L 3.93 3.39 2.72 2.02 8.2 6.6
5 RPGR L 1.61 0.52 1.44 0.48 0.8 0.5
6 ABCA4 R 2.74 2.34 2.49 2.00 4.9 4.0
7 C20RF R 4.01 3.88 4.02 3.88 151 14.0
8 USH2A L 2.61 2.61 2.45 2.45 4.8 4.8
9 USH2A L 3.91 3.90 3.92 3.90 14.9 14.8
10 RP1 L 3.90 3.47 3.86 3.43 12.2 10.4
11 PDE6B R 3.87 3.34 3.71 3.20 9.9 8.0
12 USH2A R 1.02 1.02 1.09 1.09 0.8 0.8
13 PDE6B L 1.15 0.84 1.13 0.82 1.0 0.7
14 MERTK R 2.23 1.88 2.08 1.65 3.8 2.4
15 PRPF3 L 2.18 2.18 2.14 2.14 4.1 4.1
16 RPGR R 2.18 1.20 2.14 1.16 4.0 2.2
17 PDE6B L 2.90 2.30 1.32 0.81 2.8 1.6
18 TULP1 L 1.42 1.40 1.25 1.24 1.1 1.0
19 USH2A R 2.11 2.12 3.03 3.04 5.6 5.6
20 PDE6B R 1.11 0.89 1.14 0.91 1.0 0.7
21 BBS2 R 1.15 1.15 1.06 1.06 1.1 1.1
22 PRPF3 L 2.49 2.49 2.26 2.26 4.4 4.4
23 RP1 R 2.51 2.49 2.54 2.52 51 5.0
24 RHO L 3.18 3.20 3.21 3.21 8.9 8.9
25 RHO L 3.26 3.26 3.14 3.14 9.0 9.0
26 PRPF3 L 2.11 2.11 2.29 2.29 4.0 4.0
27 BBS6 L 1.78 1.76 1.66 1.65 1.2 1.1
28 USH2A R 1.66 1.64 1.38 1.36 1.4 1.3
29 EYS R 1.48 1.21 1.51 1.22 1.3 0.9
30 RHO L 4.71 4.74 4.79 4.82 15.5 15.6
31 RHO R 4.90 4.92 3.96 3.98 151 16.6

RHO L 4.71 4.72 4.00 4.01 15.6 16.6
32 CERKL R 2.57 2.28 2.44 2.15 4.1 3.2

CERKL L 1.98 1.76 1.87 1.64 2.9 2.1

Time0 (baseline), just before the Wharton Jelly derived mesenchymal stem cell injection.

Timel: 36th month after injection.

Abbreviations: EZW,, ellipsoid zone width (mm); FAF, fundus autofluorescence (mm?); WJ-MSCs, Wharton’s jelly derived mesenchymal stem cells.

minced using forceps and a scalpel. Minced pieces were culti-
vated in a cell culture dish (Greiner Bio-One) with Dulbecco’s
modified Eagle’s medium F12 (DMEM)-low glucose with no
L-glutamine (Biological Industries) and 10% human AB serum
(Capricorn), 1% 10 000 U/mL penicillin, and 10.000 pg/mL
streptomycin (Gibco). All cell preparations and cultivation
procedures were conducted in a current Good Manufacturing
Practice (¢cGMP) accredited laboratory (Onkim STEMCELL
Technologies). The culture-expanded cells were cryopreserved
at P3 using standard cryopreservation protocols until used in
the following experiment. CryoSure-DEX40 (WAK-Chemie
Medica) containing 55% dimethyl sulfoxide and 5% dextran
40 was used as a cryopreservant. The cells were characterized
at the time of cryopreservation using flow cytometric anal-
ysis to determine the expression of the positive cluster of

differentiation (CD) surface markers, CD90, CD105, CD73,
CD44, CD29, and negative for CD34, CD4S5, and CD11b.
Using real-time PCR (qPCR), the expressions of several genes
were analyzed, such as tumor necrosis alpha (TNF alpha)
and vimentin (VIM) (Fig. 1c). Quality control analyses were
also completed, such as mycoplasma and endotoxin analyses
(using the PCR and LAL tests combined with sterility anal-
ysis, respectively). Cells were solubilized from cryopreser-
vation before being prepared for injection. The average cell
viability for each treatment was over 90.0%, and each patient
received 2—6 x 10° cells in a 1.5 mL saline solution (Fig. 1).

Injection of Umbilical Cord WJ-MSCs

The WJ-MSCs suspension from the culture was delivered to the
operating room by cold chain and used within 24 h. A total of
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Table 2. Demographic characteristics and functional follow-up
parameters of Group 1 (management with only WJ-MSCs).

Patient no Eye BCVA FPDI ERG magnitude
TimeO0 Timel TimeO Timel TimeO Timel
1 R 100 100 N 11 0.40 0.51
2 L 80 85 6 15 0.41 0.72
3 R 80 75 10 8 0.46 0.40
4 L 84 80 6 4 0.41 0.37
S L 50 35 4 2 0.44 0.37
6 L 80 75 7 N 0.48 0.40
7 R 50 50 15 14 0.78 0.74
8 L 80 80 N N 0.45 0.45
9 L 72 70 8 7 0.43 0.42
10 L 50 35 14 11 0.78 0.71
11 R 65 60 N 3 0.48 0.38
12 R 65 65 4 4 0.39 0.39
13 L 65 60 N 3 0.46 0.37
14 R 50 50 14 12 0.78 0.62
15 L 89 90 4 4 0.40 0.40
16 R 80 50 5 2 0.42 0.37
17 L 50 50 6 S 0.41 0.40
18 L 80 80 10 9 0.68 0.67
19 R 50 55 14 14 0.81 0.81
20 R 60 60 10 9 0.79 0.78
21 R 50 50 4 0.39 0.39
22 L 77 75 8 8 0.51 0.51
23 R 70 65 10 8 0.65 0.53
24 L 98 100 7 9 0.48 0.67
25 L 85 85 10 10 0.82 0.82
26 L 89 85 7 7 0.68 0.66
27 R 85 80 10 8 0.70 0.68
28 R 50 50 4 4 0.41 0.41
29 R 50 35 N S 0.43 0.42
30 L 89 90 15 16 0.49 0.82
31 R 74 75 15 15 0.41 0.75
L 80 80 14 14 0.41 0.72
32 R 60 50 8 N 0.45 0.37
L 60 50 7 4 0.45 0.37

TimeO (baseline): just before the Wharton Jelly derived mesenchymal stem
cell injection.

Timel: 36th month after injection.

Abbreviations: BCVA, best corrected visual acuity, (ETDRS letters); ERG
magnitudes, full field flicker electroretinography magnitudes (mV); FPDI,
fundus perimetry deviation index (%); WJ]-MSCs, Wharton’s jelly derived
mesenchymal stem cells.

1.5 mL of the WJ-MSC suspension was immediately injected
into the deep subtenon space of each eye. The procedure
was conducted under topical anesthesia with proparacaine
hydrochloride drops (Alcaine) and sterile conditions. A 5/0
atraumatic traction suture was applied to the limbus for easy
access and manipulation to the application area. A small cut
was made through the conjunctiva and tenon capsule up to
the sclera in the superior-temporal quadrant, 13 mm away
from the limbus, to insert a 20 G subtenon curved cannula
(BD, Visitec, UK). Subsequently, a 7/0 vicryl suture was passed
through the conjunctiva and tenon and tied down with a loop
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creation. A curved subtenon cannula attached to the 2.5 cc
syringe filled with 1.5 mL fluid containing stem cells was
inserted through the cut and forwarded into the extraocular
muscle conus until reaching the sclera; 1.5 mL of fluid was
then injected. While the cannula was drawn back, a loop was
tightened to prevent leakage. Postoperatively, loteprednol and
tobramycin combination eye drops were given 4 times per
day for 1 week, and oral amoxicillin-clavulanate (1 g) was
given 2 per day for 5 days (Fig. 2).

Retinal Repetitive Electromagnetic Stimulation
(rEMS)

Specifically designed helmets producing high-frequency re-
petitive electromagnetic stimulation (Magnovision, Bioretina
Biotechnology) stimulated the retinas and visual pathways in
both eyes. In preclinical and clinical studies, it has been shown
that the magnetic field depth for each coil is 5 cm. The loca-
tion of the coils has been designed according to the anatomy
of the retina, optic nerve, and visual pathways and has been
demonstrated by electrophysiological tests in which only the
retina/visual pathways are stimulated without any side effects.
Magnovision sends sinusoidal electromagnetic waves to the
nerves in vascular/neurodegenerative/ischemic retina and optic
nerve diseases. The Magnovision device consists of a control unit
and a helmet containing 9 coils that generate electromagnetic
waves and stimulate the retina, optic nerve, and visual pathways.
The electromagnetic waves generated by Magnovision cause
neuronal depolarization, repolarization, and rebalancing in ion
channels. The location of the coils on the helmet and the inten-
sity, frequency, and duration of the electromagnetic field to be
created have been determined as effective and safe by clinical
and preclinical studies. The user or the patient cannot change
effective and safe parameters. The device is designed to prevent
misuse. Therapy is initiated after the helmet has been correctly
positioned and adjusted on the patient’s head under the super-
vision of a specialist. Magnovision creates a magnetic field of
2000 miligauses with a frequency of 42 Hertz for 30 min for
each therapy session. These parameters are effective and safe
values determined by preclinical/clinical studies. The magnetic
field intensity produced by the device is far below the safety
limits recommended by the World Health Organization. The
patient completes a therapy session by wearing the helmet in a
sitting position for 30 min without any effort with the specially
designed system for ophthalmologic use (MagnoVision; Fig. 3).

Subjects

Retinitis pigmentosa patients were selected for the study ac-
cording to the following criteria. The inclusion criteria were:
RP patients of any genotype and phenotype; patients with
BCVA better than 35 letters; any degree and kind of visual
field loss; and patients over 18 years old.

The exclusion criteria were: the presence of glaucoma, dense
cataracts and/or vitreus opacities; autoimmune retinopathy-
like clinical picture; any degree of smoking; the presence of
systemic neurological disease with seizure; and the presence
of a cardiac pacemaker.

The RP patients were taking only OMEG3 capsules
containing the same brand and the same amount of DHA and
EPA as food supplements.

A total of 130 eyes of 80 RP patients who could be checked
regularly, mean 36 months of the follow-up period, were in-
cluded in this study. Four different groups with similar dem-
ographic characteristics were created in the cohort (Tables
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Table 3. Demographic characteristics and anatomical follow-up parameters of Group 2 (management with only rEMS).
Patient no Genetic mutation Eye Horizontal EZW Vertical EZW FAF field
Time0 Timel Time0O Timel Time0 Timel
1 RHO R 6.38 6.17 6.32 6.16 35.8 34.0
L 6.44 6.24 6.40 6.19 36.2 34.1
2 PCARE R 2.89 2.64 2.87 2.61 8.1 6.6
L 2.86 2.58 2.85 2.57 8.0 6.5
3 RPGR R 1.84 1.04 1.79 1.02 2.9 1.2
L 1.81 1.09 1.79 1.07 3.1 1.3
4 USH2A R 4.97 4.32 4.94 4.30 25.9 25.4
L 5.01 4.79 5.00 4.78 26.1 25.7
5 USH2A R 4.63 4.39 4.57 4.29 222 20.8
L 4.66 4.38 4.81 4.52 23.6 22.0
6 PDE6B R 5.94 5.21 5.87 5.12 32.2 27.5
L 6.21 5.43 6.17 5.40 32.8 27.8
7 RP1 R 3.21 2.86 3.19 2.84 10.1 9.0
L 3.24 2.88 3.22 2.87 10.4 9.3
8 BBS1 R 2.47 2.27 2.51 2.31 6.2 5.7
L 2.46 2.26 2.50 2.30 6.1 5.6
9 RHO R 4.89 4.60 4.87 4.57 171 16.6
L 4.82 4.53 4.81 4.52 16.8 15.8
10 USH2A R 5.1 4.80 5.09 4.78 26.8 25.2
L 5.16 4.85 5.12 4.80 271 25.5
11 BBS2 R 3.26 2.90 3.15 2.80 10.2 9.1
L 3.24 2.89 3.21 2.86 10.3 9.2
12 RHO R 4.51 4.34 4.50 4.34 20.1 19.2
L 4.60 4.38 4.57 4.36 21.9 21.0
13 RHO R 5.26 5.01 5.54 5.22 28.2 26.5
L 5.19 4.94 5.27 4.95 27.4 25.7
14 USH2A R 3.96 3.70 3.94 3.68 15.2 14.3
L 3.90 3.66 3.90 3.67 15.0 14.1
15 EYS R 2.55 2.18 2.56 2.19 6.9 5.1
L 2.61 2.22 2.71 2.32 7.0 5.2
16 RHO R 4.97 4.67 4.96 4.66 251 23.4
L 4.86 4.57 4.89 4.59 24.0 22.4

Time0 (baseline): just before the Magnovision application.
Timel: 36th month of weekly rEMS sessions.

Abbreviations: EZW, ellipsoid zone width (mm); FAF, fundus autofluorescence (mm?); rEMS, repetitive electromagnetic stimulation.

1-8). The genetic mutations in the groups were not homoge-
nous and similar (Tables 1-7).

Group 1

Consisted of 34 eyes of 32 RP patients treated with only WJ-MSCs,
and it was applied only once following necessary preparations.
After the inoculation of stem cells, the patients were followed up
regularly on the 10th day, 3rd month, and every 6 months after
that until 36th months. For ethical reasons, the worse eye was
selected to inject the stem cells instead of both eyes.

Group 2

Consisted of 32 eyes of 16 RP patients treated with only
rEMS. rEMS was applied with a custom-designed helmet once
a week for 30 min for 36 months. Both eyes are stimulated
at the same time with the specially designed system for
ophthalmologic use (MagnoVision).

Group 3

Consisted of 32 eyes of 16 RP patients treated with the
WJ-MSCs and rEMS combination. WJ]-MSCs were applied
first into the deep subtenon space of both eyes after neces-
sary preparations. rEMS application was started 10 days
after the WJ-MSC application with a custom-designed helmet
for 30 min. WJ]-MSCs were inoculated only once, and rEMS
was applied regularly once a week for 30 min for 36 months.
Both eyes are stimulated at the same time with the specially
designed system for ophthalmologic use (MagnoVision).

Group 4

The natural course (control) group consisted of 32 eyes of 16
RP patients who received no treatment and were regularly
followed until the 36th month. This group comprised patients
who did not accept any treatment and/or were in good con-
dition at baseline.
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Table 4. Demographic characteristics and functional follow-up
parameters of Group 2 (management with only rEMS).

Patient no Eye BCVA FPDI ERG magnitude

Time0 Timel TimeO Timel TimeO Timel

1 R 100 90 67 60 0.87 0.80
L 100 90 68 61 0.88 0.81
2 R 65 60 18 16 0.48 0.45
L 65 60 17 15 0.47 0.43
3 R 50 35 S 3 0.41 0.37
L 50 35 6 3 0.40 0.37
4 R 100 90 56 54 0.87 0.84
L 100 90 58 56 0.89 0.87
S R 90 85 49 47 0.78 0.76
L 90 85 50 48 0.79 0.78
6 R 60 55 60 54 0.69 0.61
L 60 55 62 57 0.70 0.62
7 R 75 70 20 18 0.37 0.47
L 75 70 21 19 0.37 0.48
8 R 35 35 8 N 0.41 0.37
L 35 35 8 N 0.44 0.40
9 R 90 95 42 40 0.87 1.03
L 90 95 41 40 0.77 1.20
10 R 85 85 56 55 0.91 0.98
L 85 85 58 56 0.92 1.01
11 R 50 45 20 18 0.45 0.45
L 55 50 21 19 0.48 0.47
12 R 85 85 40 38 0.98 0.98
L 90 85 42 40 0.99 1.20
13 R 100 100 59 59 0.87 1.14
L 100 100 58 58 0.86 112
14 R 75 75 30 30 0.78 0.96
L 70 70 28 28 0.74 0.90
15 R 50 35 15 10 0.47 0.37
L 55 40 17 12 0.51 0.37
16 R 85 80 54 50 0.56 0.54
L 80 75 51 46 0.52 0.50

TimeO (baseline): just before the Magnovision application.

Timel: 36th month of weekly rEMS sessions.

Abbreviations: BCVA, best corrected visual acuity, (ETDRS letters); ERG
magnitudes, full field flicker electroretinography magnitudes (mV); FPDI,
fundus perimetry deviation index (%); rEMS, repetitive electromagnetic
stimulation.

Timeframe

The patients were evaluated at 2 study time points. Time 0
(TO): baseline evaluation (before the intervention) to eval-
uate and record the structural and functional quantitative
measurements. Time 1 (T1): assessment at the 36th month to
evaluate and record the structural and functional quantitative
measurements.

Primary Outcome Measure
Fundus Autofluorescence Surface Area (FAF-Field)

The pattern of FAF correlates well with functional tests such
as perimetry and ERG. The ring of increased autofluorescence
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appears to represent the border between functional and dys-
functional retinas. Metabolically active photoreceptors/RPE
appear as hyperfluorescent areas in the FAF device due to the
presence of lipofuscin. The FAF device calculated the FAF
field automatically after marking the horizontal and vertical
longest axes of the hyperfluorescent field in the posterior pole.

Secondary Outcome Measures
ETDRS Visual Acuity (BCVA)

The visual acuity scores obtained from the TO and T1
examinations were analyzed and compared using statistical
tests to determine effectiveness.

Ellipsoid Zone Widths (EZW)

EZW showed healthy photoreceptors and was measured hor-
izontally and vertically (HEZW and VEZW respectively) on
multimodal OCTA devices. A manual segmentation program
was used for the measurement of EZW.

Fundus Perimetry Deviation Index (FPDI)

FPDI records were examined in the 24/2 visual field (VF) of
the computerized perimetry records. The FPDI offers data
explaining how many of the 100 flashing points and what
percentage of the visual field could be correctly seen by the
patient. For VF analysis, practice rounds were carried out 3
times before the last assessments to avoid mistakes during the
test.

Full-Feld Multi-Luminance Flicker Electroretinography
Magnitude (ERG-m)

Digital electroretinography is a non-invasive office-based ob-
jective test that measures the electrical activity of the global
outer retinal cells in response to a light stimulus. ERG-m refers
to the action potentials and phase deviations recorded from
photoreceptors stimulated with different light intensities.

Definition of Safety Outcome

Intraocular, intraorbital mass lesion, inflammation, fibrosis,
proptosis, diplopia, afferent pupillary defect, corneal, lentic-
ular haze, ocular allergic reactions, intravitreal, subretinal,
macular hemorrhages, vitreoretinal interface alterations, ret-
inal tears, retinal detachment (exudative, rhegmatogenous),
and intraocular pressure change from baseline (<5 mmHg)
were considered to be serious adverse ocular events. Besides
the routine ophthalmic examinations, OCTA multimodal
imaging and B-scan orbital ultrasonography were also used
to detect and confirm the presence of complications and an-
atomical changes during each study period examination.
Systemic allergic reactions and anaphylaxis were considered
to be systemic side effects.

Statistical Methods

Descriptive statistics are presented with frequency, percentage,
mean, and SD values. The Willcoxon signed rank test was
used to analyze the differences in FAF-F, EZW BCVA, FPDI,
and ERG-m scores according to the TO and T1 times. The
Kruskal-Wallis test was used for measurement differences be-
tween groups. The Mann-Whitney U test was used to com-
pare delta changes between groups. P-values < 0.05 were
considered statistically significant (« = 0.05). Analyses were
done with the SPSS 25.0 package program.
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Table 5. Demographic characteristics and anatomical follow-up parameters of Group 3 (management with WJ-MSC + rEMS combination).
Patient no Genetic mutation Eye Horizontal EZW Vertical EZW FAF field
TimeO Timel Time0O Timel Time0 Timel
1 RHO R 2.49 2.51 1.98 2.04 5.2 5.3
L 2.61 2.63 2.20 2.24 5.7 5.8
2 USH2A R 6.18 6.21 5.72 5.74 34.2 35,7
L 6.14 6.16 5.68 5.71 34.9 36,2
3 RPGR R 1.21 0.85 1.34 0.94 1.6 1.3
L 1.31 0.92 1.39 0.97 1.8 1.3
4 C20RF R 4.72 4.68 4.61 4.57 21.6 20.5
L 4.63 4.57 4.58 4.52 21.2 20.3
5 USH2A R 4.02 4.02 4.06 4.05 14.9 14.8
L 4.22 4.21 4.26 4.26 18.0 18.0
6 PDE6B R 3.56 3.50 3.69 3.62 14.1 13.8
L 3.63 3.55 3.74 3.68 14.6 14.2
7 RP1 R 2.05 1.97 2.03 1.96 4.7 4.5
L 2.11 2.07 2.10 2.04 5.0 4.7
8 USH2A R 3.14 3.14 3.18 3.18 10.0 10.0
L 3.22 3.21 3.28 3.27 10.5 10.5
9 PDE6A R 3.29 3.21 3.22 3.17 10.6 10.3
L 3.17 3.10 3.28 3.21 10.4 10.1
10 USH2A R 2.98 2.98 3.00 3.00 9.1 9.1
L 3.11 3.11 3.08 3.08 9.6 9.6
11 BBS6 R 2.01 2.00 2.11 2.10 4.2 4.2
L 2.10 2.08 2.06 2.08 4.4 4.3
12 RHO R 3.56 3.58 3.54 2.56 13.0 13.1
L 3.68 3.69 3.66 3.67 13.6 13.7
13 RHO R 4.71 4.71 4.68 4.68 23.6 23.6
L 4.89 4.90 4.59 4.59 24.1 24.1
14 USH2A R 2.97 2.97 2.91 2.91 9.8 9.8
L 2.91 2.90 2.83 2.83 9.2 9.2
15 EYS R 1.56 1.52 1.59 1.55 2.5 2.3
L 1.63 1.58 1.58 1.53 2.7 2.5
16 RHO R 5.10 5.09 5.05 5.03 30.6 30.5
L 5.21 5.19 511 5.09 31.9 31.7

Time0 (baseline): just before the WJ-MSC and Magnovision application.

Timel: 36th month after injection and 36th month of weekly rEMS sessions.

EZW, ellipsoid zone width (mm); FAE, fundus autofluorescence (mm?); rEMS, repetitive electromagnetic stimulation; WJ-MSCs, Wharton’s jelly derived

mesenchymal stem cells.

Results

Group 1 consisted of 34 eyes of 32 RP patients. Of the
32 patients, 18 were male, and 14 were female. The mean
age was 39.7 (22-62 years). Group 2 consisted of 32 eyes
of 16 RP patients. Of the 16 patients, 9 were male, and 7
were female. The mean age was 38.9 years (range, 22-61
years). Group 3 consisted of 32 eyes of 16 RP patients.
Of the 16 patients, eight were male and eight were fe-
male. The mean age was 39.8 years (range, 22-63 years).
Group 4 consisted of 32 eyes of 16 RP patients. Of the 16
patients, eight were male and eight were female. The mean
age was 38.6 years (range, 23-60 years) in Group 4. The
mean follow-up time between the 1st and last measurements
in all groups was 36 months. There were no statistical
differences between the groups regarding age and follow-up
times (P = 0.83).

Anatomical Assessment Parameters

The Mean Fundus Autofluorescence Surface Area
(FAF-Field)

This value was 5.99 mm? in Group 1 before the only WJ-MSC
applications and 5.60 mm? after the procedures at the 36th
month (P =0.01). In Group 2, the FAF field was 18.4 mm?
at the first measurement and 16.9 mm? after only rEMS
applications at the 36th month (P =0.04). In Group 3, the
FAF field was 13.35 mm? before combining WJ-MSC and
rEMS applications and 13.28 mm? at the last examination
in the 36th month (P = 0.41). In Group 4, the FAF field was
14.13 mm? at the initial examination and 10.37 mm? at the
last examination in the 36th month (P =0.01). The FAF-
field delta change of the groups can be ranked as Group 3
(0.07) < Group 1 (0.39) < Group 2 (1.50) < Group 4 (3.76)
(Tables 1-7; Figs. 4a-7b).
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Table 6. Demographic characteristics and functional follow-up parameters
of Group 3 (management with WJ-MSC + rEMS combination).

Patient No Eye BCVA FPDI ERG magnitude

Time0 Timel TimeO Timel TimeO Timel

1 R 70 80 28 30 0.66 0.89
L 80 85 34 36 0.70 0.91
2 R 100 110 67 71 0.63 0.96
L 100 110 65 69 0.61 0.96
3 R 50 35 6 4 0.44 0.40
L 50 40 8 6 0.46 0.42
4 R 85 85 54 52 0.59 0.86
L 80 80 50 49 0.56 0.84
S R 75 75 42 42 0.51 0.56
L 85 85 48 49 0.55 0.61
6 R 50 45 38 37 0.45 0.51
L 55 50 39 37 0.50 0.56
7 R 65 60 30 28 0.39 0.39
L 65 60 31 28 0.41 0.40
8 R 75 75 36 36 0.44 0.65
L 80 80 37 37 0.47 0.68
9 R 65 60 39 37 0.61 0.60
L 60 55 37 35 0.60 0.58
10 R 75 75 33 33 0.63 0.74
L 80 80 35 35 0.65 0.78
11 R 50 50 27 27 0.36 0.48
L 50 50 28 28 0.37 0.50
12 R 80 85 36 37 0.66 0.78
L 85 85 37 38 0.68 0.79
13 R 100 110 60 62 0.76 0.99
L 100 110 60 62 0.75 0.98
14 R 60 60 31 31 0.37 0.74
L 55 55 29 29 0.36 0.75
15 R 35 35 S S 0.34 0.41
L 40 40 8 8 0.36 0.44
16 R 110 110 61 61 0.78 0.96
L 110 110 62 62 0.80 0.98

TimeO (baseline): just before the WJ-MSC and Magnovision application.
Timel: 36th month after injection and 36th month of weekly rEMS
sessions.

BCVA, best corrected visual acuity, (ETDRS letters); ERG magnitudes, full
field flicker electroretinography magnitudes (mV); FPDI, fundus perimetry
deviation index (%); rEMS, repetitive electromagnetic stimulation;
W]J-MSCs, Wharton’s jelly derived mesenchymal stem cells.

The Mean Horizontal Ellipsoid Zone Width (m-HEZW)

This value was 2.65 mm in Group 1 before the only WJ-MSC
applications and 2.45 mm after the procedures at the 36th
month (P =0.01). In Group 2, the m-HEZW was 4.18 mm
at the first measurement and 3.84 mm after only rEMS
applications at the 36th month (P = 0.01). In Group 3, the
m-HEZW was 3.35 mm before combining WJ-MSC and rEMS
applications and 3.28 mm at the last examination in the 36th
month (P = 0.06). In Group 4, the m-HEZW was 3.53 mm at
the initial examination and 2.67 mm at the last examination
in the 36th month (P = 0.01). The m-HEZW delta change of
the groups can be ranked as Group 3 (0.04) < Group 1 (0.20),
Group 2 (0.34) < Group 4 (0.86) (Tables 1-7; Fig. 8a and 8b).
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The Mean Vertical Ellipsoid Zone Width (m-VEZW)

This value was 2.51 mm in Group 1 before the only WJ-MSC
applications and 2.31 mm after the procedures at the 36th
month (P = .01).In Group 2,the m-VEZW was 4.18 mm at the
first measurement and 3.83 mm after only rEMS applications
at the 36th month (P =.01). In Group 3, the m-VEZW was
3.32 mm before combining WJ]-MSC and rEMS applications
and 3.25 mm at the last examination in the 36th month
(P =.06).In Group 4, the m-VEZW was 3.39 mm at the initial
examination and 2.59 mm at the last examination in the 36th
month (P =.01). The m-VEZW delta change of the groups
can be ranked as Group 3 (0.07) < Group 1 (0.20) < Group 2
(0.35) < Group 4 (0.80) (Tables 1-7, Fig. 9a and 9b).

Functional Assessment Parameters
The Mean Best Corrected Visual Acuity (m-BCVA)

This value was 70.5 ETDRS letters in Group 1 before the only
WJ-MSC applications and 66.9 letters after the procedures at
the 36th month (P = 0.04). In Group 2, the m-BCVA was 74.8
letters at the first measurement and 70.0 letters after only
rEMS applications at the 36th month (P = 0.04). In Group 3,
the m-BCVA was 72.5 letters before combining WJ-MSC and
rEMS applications and 72.6 letters at the last examination in
the 36th month (P = 0.87). In Group 4, the m-BCVA was 76.8
letters at the initial examination and 64.8 letters at the last
examination in the 36th month (P = 0.01). The m-BCVA delta
change of the groups can be ranked as Group 3 (-0.1) < Group
1 (3.6) < Group 2 (4.8) < Group 4 (12.0) (Tables 2-8).

The Mean Fundus Perimetry Deviation Index (m-FPDI)

This value was 8.3% in Group 1 before the only WJ-MSC
applications and 7.8 % after the procedures at the 36th month
(P =0.03). In Group 2, the m-FPDIwas 37.6% at the first
measurement and 35.0% after only rEMS applications at the
36th month (P = 0.04). In Group 3, the m-FPDI was 37.5%
before the combination of WJ-MSC and rEMS applications
and 37.5% at the last examination in the 36th month
(P =0.96). In Group 4, the m-FPDI was 34.6% at the initial
examination and 27.4% at the last examination in the 36th
month (P =0.01). The m-FPDI delta change of the groups
can be ranked as Group 3 (0.01) < Group 1 (0.50) < Group 2
(2.66) < Group 4 (7.25) (Tables 2-8; Figs. 10a-11b).

The Mean Full-Field Multiluminance Electroretinography
Magnitude (ERG-m)
This value was 0.53 mV in Group 1 before the only W]J-MSC
applications and 0.54 mV after the procedures at the 36th
month (P = 0.45). In Group 2, the ERG-m was 0.67 mV at the
first measurement and 0.71 mV after only rEMS applications
at the 36th month (P =0.12). In Group 3, the ERG-m was
0.55 mV before combining WJ-MSC and rEMS applications
and 0.69 mV at the last examination in the 36th month
(P =0.01). In Group 4, the ERG-m was 0.61 mV at the initial
examination and 0.50 mV at the last examination in the 36th
month (P = 0.01). The ERG-m delta change of the groups can
be ranked as Group 3 (-0.14) > Group 2 (-0.04), Group 1
(=0.01), and Group 4 (0.06) (Tables 28, Figs. 12a and 13b).

When Groups 1, 2, 3, and 4 were compared using the
Kruskal-Wallis test according to the delta changes, the
combined application of WJ-MSC and rEMS significantly
increased all assessment parameters (Table 9).

In Group 1, all patients stated that they felt transient foggy
vision in the first 40 days and flashes of light between 40
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Table 7. Demographic characteristics and anatomical follow-up parameters of Group 4 (natural course).

Patient No Genetic mutation Eye Horizontal EZW Vertical EZW FAF field
Time0O Timel Time0 Timel Time0 Timel
1 RHO R 3.74 3.06 341 1.91 8.6 51
L 3.46 2.71 3.61 2.74 8.9 5.4
2 PCARE R 8.30 5.81 7.77 5.43 46.4 29.8
L 8.30 5.81 7.97 5.57 46.8 30.1
3 RPGR R 2.12 0.81 2.76 1.37 4.7 0.9
L 2.71 1.32 3.01 1.56 1.9 1.3
4 USH2A R 7.45 6.33 5.68 4.81 62.9 53.8
L 8.24 6.96 7.98 6.81 71.8 61.5
5 PDE6B R 3.73 2.35 2.87 2.01 9.1 6.2
L 3.79 2.37 3.68 2.76 14.8 8.9
6 BBS2 R 1.92 1.12 1.82 1.03 3.8 1.4
L 1.60 1.14 1.55 0.86 2.2 0.81
7 PDE6B R 3.11 2.06 3.50 2.74 10.1 6.2
L 3.02 2.01 341 2.54 9.8 4.6
8 RHO R 5.75 4.82 5.01 4.24 26.1 16.6
L 5.69 4.78 5.22 4.37 25.9 16.5
9 RP1 R 2.40 1.98 2.40 2.00 4.2 3.7
L 2.70 2.14 2.60 2.06 4.8 4.0
10 USH2A R 5.08 4.24 4.98 4.16 22.6 16.9
L 4.98 4.19 4.71 4.14 17.2 16.6
11 BBS6 R 1.34 0.91 1.38 1.02 1.4 1.1
L 1.29 0.87 1.30 0.90 1.2 0.84
12 TULP1 R 1.77 1.24 1.53 1.10 3.9 3.1
L 1.54 1.12 1.70 1.25 3.2 2.9
13 RHO R 2.86 2.41 2.77 2.38 5.6 5.0
L 2.76 2.34 2.65 2.32 51 4.6
14 RHO R 2.33 2.02 2.00 1.74 4.1 3.9
L 1.97 1.71 1.89 1.69 3.7 3.1
15 EYS R 1.88 1.42 1.88 1.43 3.6 2.2
L 2.05 1.78 2.49 2.32 5.7 4.6
16 ABCA4 R 2.53 1.81 2.48 1.78 6.1 52
L 2.50 1.79 2.48 1.78 6.0 5.1

TimeO (baseline): initial examination.
Timel: 36th month examination.

Abbreviations: EZW,, ellipsoid zone width (mm); FAF, fundus autofluorescence (mm?).

days and 60 days. Patients in Groups 2 and 3 who underwent
rEMS did not report these complaints. No serious ocular or
systemic adverse events were encountered in any group re-
lated to WJ-MSC and rEMS applications at the 36th month.

Discussion

The light coming from the objects to the eye is refracted
from the transparent media of the eye and focused on the
retina. The retina consists of 2 parts, the sensory retina and
the retina pigment epithelium. Photoreceptor cells (rod and
cones) constitute the outer layer of the neurosensory retina,
where photochemical reactions begin. Photosensitive proteins
such as opsin/rhodopsin, encoded in the sensory retina, in-
itiate certain chemical reactions called the visual cycle.
These reactions open and close ion channels in neurons,
creating action potentials with neuronal depolarization and
repolarization; these electrical signals in the outer retina are

transmitted to the optic nerve, visual pathway, and visual
cortex. There are an average of 120 million photoreceptor
cells in the retina. About 100 million rod cells are respon-
sible for night vision and peripheral vision. About 20 million
cone cells are responsible for sharp vision and color vision.!”
Retinitis pigmentosa is a genetic disease group characterized
by progressive loss of photoreceptor cells and degeneration
of the outer retinal layers. The inheritance pattern can be
autosomal dominant, autosomal recessive, X-linked, mito-
chondrial, or spontaneous mutations.!** Genetic mutations in
RP can affect retina-specific and non-specific structural and
functional protein levels. Retina-specific proteins are opsin,
rhodopsin, RPE6S, and RPGR cilia proteins.' In classical RP,
genetic mutations primarily impair the functions of rod cells.
Structural and functional protein deficiency causes rod cells
to enter the dormant phase and then apoptosis.!” Therefore,
the rate of disease progression is different in each inheritance
pattern. Complete deprivation of retinal-specific proteins



642

Table 8. Demographic characteristics and functional follow-up
parameters of Group 4 (natural course).

Patient no Eye BCVA FPDI ERG Magnitude
TimeO0 Timel TimeO Timel TimeO Timel
1 R 80 70 35 25 0.56 0.44
L 85 80 38 29 0.60 0.50
2 R 85 70 72 51 0.72 0.64
L 85 70 74 53 0.75 0.64
3 R 65 35 8 3 0.37 0.41
L 50 35 N 3 0.38 0.37
4 R 100 85 80 70 0.98 0.86
L 110 95 82 72 0.99 0.86
N R 80 70 40 32 0.76 0.70
L 90 75 46 37 0.80 0.72
6 R 55 40 8 N 0.41 0.38
L 50 35 6 3 0.38 0.37
7 R 85 70 41 30 0.66 0.42
L 80 60 39 29 0.60 0.38
8 R 110 100 58 50 0.84 0.76
L 110 100 57 50 0.86 0.74
9 R 60 50 30 24 0.40 0.37
L 65 50 33 26 0.42 0.39
10 R 90 80 51 40 0.56 0.50
L 80 70 47 38 0.51 0.49
11 R 55 40 8 6 0.38 0.38
L 50 35 6 4 0.42 0.37
12 R 45 35 11 8 0.38 0.38
L 40 35 8 6 0.37 0.37
13 R 100 100 40 34 0.81 0.78
L 100 100 38 32 0.80 0.78
14 R 85 85 36 29 0.78 0.72
L 80 80 33 27 0.76 0.70
15 R 50 35 N 3 0.38 0.38
L 60 40 8 4 0.38 0.38
16 R 90 75 33 26 0.81 0.74
L 90 75 32 27 0.81 0.71

TimeO (baseline): initial examination.

Timel: 36th month examination.

BCVA, best corrected visual acuity, (ETDRS letters); ERG magnitudes, full
field flicker electroretinography magnitudes (mV); FPDI, fundus perimetry
deviation index (%).

presents clinically with severe vision loss at an early age or
rapid progression in advanced age. Non-specific protein-
coding genetic mutations in RP impair the transfer of glucose
into cells, the formation of energy molecules such as ATP-
GTP, and the phagocytosis and digestion of metabolic wastes,
such as lipofuscin.'® Some genetic mutations in RP can lead to
the accumulation of miscoded and misfolded proteins in the
RPE and photoreceptor cells, which can lead to complications
such as intense inflammation, macular edema, epiretinal
membrane, and cataracts. In this group, apoptosis triggered
by inflammation causes rapid disease progression.?’ Editing
each mutant gene with gene therapy is not cost-effective, and
the diversity of inheritance patterns makes gene therapy ex-
tremely difficult. For this reason, gene-agnostic treatments,
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such as stem cell therapies and optogenetic therapy, are being
studied intensively.!?!

Wharton’s jelly-derived mesenchymal stem cells have a high
paracrine effect, and the exosomes contain neurotrophins,
growth factors, micro-RNA, and mitochondrial components.
These growth factors are neural growth factor (NGF), insulin-
like growth factor (IGF), brain-derived neurotrophic factor
(BDNF), and ciliary neurotrophic factor (CNTF). Growth
factors and neurotrophins activate by binding to tyrosine ki-
nase receptors on the RPE and photoreceptor membranes.
Peptides secreted by WJ-MSCs accelerate glucose uptake, ox-
idative phosphorylation, mitochondrial functions in neurons,
phagocytosis, and digestion of metabolic wastes; provide
neural homeostasis; and regulate neural metabolism and ox-
idative energy cycle. Mitochondrial fragments in exosome
content also increase ATP-GTP levels. Exosomes also con-
tain anti-inflammatory cytokines and peptides that regulate
B and T lymphocyte functions, such as prostaglandin E and
transforming growth factor. This anti-inflammatory effect of
WJ-MSCs contributes to preventing apoptosis triggered by
inflammation.?>?¢ Due to all these mechanisms above, many
preclinical and clinical studies have shown that WJ-MSCs can
reactivate dormant phase photoreceptors, improve retinal
functions, prevent photoreceptor apoptosis, and slow disease
progression in RP and other retinal degenerations.?*?’ In the
long-term follow-up of RP patients, whose results we have
previously published, we have had objective observations that
exosome production slows down or stops within 1-2 years in
some cases.?>?* Telomere length indicates that WJ-MSCs can
survive for 3-7 years in the appropriate medium and microen-
vironment.>*3 Theoretically, WJ-MSCs have a lifespan of at
least 3 years. To investigate whether exosome production can
be stimulated, we combined the application of WJ-MSC with
repetitive electromagnetic stimulation.

Clinical studies show that electromagnetic stimulation
therapy is effective and safe in some neurological and psychi-
atric diseases such as medication-resistant depression, stroke,
Parkinson’s disease, Alzheimer’s disease, or Multiple Sclerosis.’
Electromagnetic stimulation accelerates or slows down neural
transmission through ion channels, depending on the fre-
quency and magnetic field intensity in neurons. Excitation
and inhibition in neurons are defined as the neuromodulation
effect of rEMS.!%32 Electromagnetic stimulation accelerates
mitochondrial and neuronal metabolism by increasing the af-
finity of tyrosine kinase receptors to growth factors in neu-
ronal cell membranes.®® This effect also increases the passage
of drug molecules into the neurons and is defined as ionto-
phoresis.** The iontophoresis feature of rEMS is used in
the treatment of major depression.’® Clinical studies show
that electromagnetic stimulation can have effective results
in ophthalmology and neurological and psychiatric diseases.
Neuromodulation, increase in growth factor activity, and
iontophoresis properties are used in neurodegenerative and
ischemic retina/optic nerve diseases in ophthalmology.'!!¢
Electromagnetic therapy has increased regenerative growth
factor levels at the retina and optic nerve. It also increases
synaptic conduction, blood flow, and growth factor-receptor
sensitivity.>”*® The device can be used in chronic eye diseases
of the retina and optic nerve for a period and frequency de-
termined by the physician without causing any side effects.
Electromagnetic therapy can be used as a complementary
therapy to increase the effect of stem cells, growth factors,
and some other therapeutic drugs, or in some cases, it can
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Figure 4. Fundus autofluorescence surface area (FAFfield) changes according to study timepoints (TO,T1) in the eye treated with only WJ-MSC. Note
the change in FAF-field values (Table 1, patient 31: right eye). (a) Before application, FAFfield 15.1 mm?. (b) At 36th month, FAFfield 16.6 mm?.

Figure 5. Fundus autofluorescence surface area (FAFfield) changes according to study timepoints (TO, T1) in the eye treated with only rEMS Note the
change in FAFfield values (Table 3, patient 4: right eye). (a) Before application, FAF-field 25.9 mm?. (b) At 36th month, FAF-field 25,4 mm?.

be used alone. Mesenchymal stem cells inoculated into deep
subtenon space secrete growth factors into the degenerated
microenvironment. Magnovision, specifically developed for
ophthalmologic use, can synergistically enhance the degran-
ulation of growth factor-containing vesicles in mesenchymal
stem cells through ion channels.?”

The rate of disease progression in RP is related to the in-
heritance pattern. In the retina, 2 units of each protein type
are produced by 2 alleles. In autosomal dominant (AD) inher-
itance, 1 of the 2 alleles is mutant. One unit of native protein
can be produced by the normal allele. Therefore, the rate of
progression is relatively slow. The average annual photore-
ceptor loss in AD RP is reported to be approximately 5%
in the literature.’** Both alleles are mutant in autosomal re-
cessive (AR) inheritance, so the disease progresses faster. The
average annual photoreceptor loss in AR RP is reported to be

approximately 10% in the literature.>>* Retina-specific func-
tional proteins are encoded on the X chromosome. Therefore,
X-linked RP progresses much faster in male cases. The av-
erage annual photoreceptor loss in X-linked RP is reported
to be approximately 15% in the literature.*>* The ability
of the FAF device is used to map naturally and pathologi-
cally occurring fluorophores in the posterior pole. Brighter
areas represent regions of increased lipofuscin density. The
ring of increased autofluorescence appears to represent the
border between functional and dysfunctional retinas. The
FAF pattern, a non-invasive, easy-to-use functional test,
correlates well with functional tests such as perimetry and
ERG.** In our study, Group 4 was followed as a natural
course. The sample included all inheritance patterns and the
most common classical RP mutations in Tirkiye.*” In the
context of FAF measurements, the 3-year photoreceptor loss
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Figure 6. Fundus autofluorescence surface area (FAF-field) changes according to study timepoints (TO,T1) in the eye treated with combination of
WJ-MSC + rEMS. Note the change in FAFfield values (Table 5, patient 2: left eye). (a) Before application, FAF-field 34.9 mm?. (b) At 36th month, FAF-

field 36.2 mm?2.

Figure 7. Fundus autofluorescence surface area (FAFfield) changes according to study timepoints (T0,T1) in the untreated eye (natural course). Note the
change in FAF-field values (Table 7, patient 4: left eye). (a) Initial examination, FAF-field 71.8 mm?. (b) At 36th month, FAFfield 61.5 mm?.

rate was found to be 27% on average. This progression rate
was consistent with the literature.’*** Group 1, which un-
derwent only WJ-MSC, consisted of classical RP cases with
similar inheritance and genetic mutations. The 3-year pho-
toreceptor loss rate was 7%. The reduction in photoreceptor
loss rate confirms the paracrine effects of subtenon-injected
WJ-MSCs. Group 2, which underwent only Magnovision,
consisted of classical RP cases with similar inheritance and
genetic mutations. The 3-year photoreceptor loss rate was
9%. The reduction in the photoreceptor loss rate confirms
that rEMS activates ion channels and delays the entry of
photoreceptors into the dormant phase. Preventing the entry
of photoreceptors into the dormant phase may also reduce the
rate of apoptosis in the long run. Group 3, which underwent a
combination of WJ-MSC and Magnovision, consisted of clas-
sical RP cases with similar inheritance and genetic mutations.
The 3-year photoreceptor loss rate was 0.5%. WJ-MSC and

rEMS synergistically can significantly reduce photoreceptor
loss.

Several hypotheses explain the synergistic effects of the
combination of WJ-MSC and rEMS. rEMS can stimulate
the degranulation of mesenchymal stem cell exosomes.?
Stimulation of degranulation may cause an increased concen-
tration of neurotrophins, growth factors, anti-inflammatory
cytokines, and mitochondrial components in the outer retinal
microenvironment.’® Another hypothesis is that the paracrine
effects of WJ-MSC may decrease 1 year after administration.*®
rEMS can periodically stimulate WJ]-MSCs for exosome pro-
duction and degranulation. The periodic slow-release stimu-
lating effect of rEMS may also explain the synergistic effect.’!-5*
Another hypothesis is the iontophoresis effect of rEMS. The
subtenon space is an immunoprotective partially avascular
region and is a suitable medium for WJ-MSCs.*** There are
studies in the literature in which WJ-MSCs are applied more
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Figure 8. Horizontal EZW changes according to study timepoints (TO,T1) in the eye treated with combination of WJ-MSC + rEMS. Note the change in
Horizontal EZW values (Table 5, patient 1: right eye). (a) Before application, EZW 2.49 mm. (b) At 36th month, EZW 2.51 mm.

Figure 9. Vertical EZW changes according to study timepoints (TO,T1) in untreated eye (natural course). Note the change in vertical EZW values (Table 7,
patient 1: right eye). (a) Initial, EZW 3.41 mm. (b) At 36th month, EZW 1.91 mm.

invasively and traumatically as suprachoroidal, subretinal,
and intravitreal. Complications such as inflammation, ret-
inal tear, fibrosis, and photoreceptor loss due to surgical
trauma have been reported in these invasive applications.’$
WJ-MSC is effective when administered intravenously, but it
was not preferred due to the risk of systemic complications
such as thrombosis, embolism and requiring more mesen-
chymal stem cells.*® To avoid these complications, we prefer
deep subtenon injection that does not enter the globe and can
be relatively non-invasive. Our goal is to deliver the exosome
content to the outer retinal layers. Delivery of WJ-MSCs to
the outer retinal layers is not intended, which is inappropriate
in terms of RP pathophysiology. Exosome contents secreted
by WJ-MSCs in the subtenon space pass into the choroidal
matrix via scleral pores. Molecules with a molecular weight
of less than 50 kD can pass through the scleral pores by pas-
sive diffusion. By varying their surface electrical charge, larger

molecules can pass through scleral pores by iontophoresis.
rEMS can alter the electrical charges of scleral pores and
peptides, allowing more exosome contents to enter the cho-
roidal matrix. This situation is frequently used in neuropsy-
chiatry as electromagnetic iontophoresis increases drug entry
into the cell in treatment-resistant cases. Growth factors and
neurotrophins that pass into the choroidal matrix reach the
RPE and photoreceptors via specific tyrosine kinase receptors.
Electromagnetic iontophoresis can increase receptor affinities
and efficiency.’*3¢ Electromagnetic iontophoresis may also
explain the synergistic effect of WJ-MSC and Magnovision.
The magnetic field intensity used is far below international
standards and is within safe limits.” No adverse effects were
observed due to Magnovision.

In the context of visual field deterioration, there was a loss
of FPDI values during the follow-up by 21% in natural course
group. But in the combined treatment group, visual field
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Figure 10. Visual field FPDI changes according to study timepoints (TO,T1) in the eye treated with combination of WJ-MSC + rEMS. Note the change in
FPDI values (Table 6, patient 2: left eye). (a) Before application, FPDI 65%. (b) At 36th month, FPDI 69%.

Figure 11. Visual field FPDI changes according to study timepoints (TO,T1) in untreated eye (natural course). Note the change in FPDI values (Table 8,
patient 1: right eye). (a) Initial, FPDI 35%. (b) At 36th month, FPDI 25%
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Figure 12. Full field ERG magnitude changes according to study timepoints (T0,T1) in the eye treated with combination of WJ-MSC + rEMS. Note the
change in ERG-m values (Table 6, patient 2: right and left eye). (a) Before application, ERG-m right 0.63 mV, left 0.61 mV. (b) At 36th month, ERG-m right
0.96 mV, left 0.96 mV.

Figure 13. Full field ERG magnitude changes according to study timepoints (TO,T1) in untreated eye (natural course). Note the change in ERG-m values
(Table 8, patient 3: right and left eye). (a) Initial, ERG-m right 0.37 mV, left 0.41 mV. (b) At 36th month, ERG-m right 0.38 mV, left 0.37 mV.
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Table 9. Comparison of assessment parameters before the applications and at the end of the 3-year follow-up period between 4 groups.

To-T1 Wj-Msc! Magnovision* Wj-Msc + Magnovision? Control* prx* Difference**
X #£s.8. X £s.s. X £s.s. X £s.s.
AHorizontal EZW 0.20 = 0.05 0.34 = 0.08 0.04 = 0.01 0.86 =0.21 0.01* 4>12>3
AVertical EZW 0.20 = 0.04 0.35 = 0.09 0.07 £0.02 0.80 =0.22 0.03* 4>12>3
AFAF field 0.39 =0.11 1.50 = 0.41 0.07 = 0.02 3.76 £ 1.02 0.01* 4>2>1>3
ABCVA 3.59+0.97 4.84 =£1.31 -0.16 =-0.04 12.04 £ 3.25 0.01* 4>12>3
AFPDI 0.50 =0.14 2.66 =0.72 0.01 = 0.00 7.25 =1.96 0.01* 4>2>1>3
AERG magnitude -0.01 = 0.00 -0.04 = -0.01 -0.14 = -0.04 0.06 = 0.02 0.02* 3>1,2,4

#**Kruskall-Wallis test; **Mann-Whitney U test; *0.05 statistically significant.

BCVA, best corrected visual acuity, (ETDRS letters); ERG magnitudes, full field flicker electroretinography magnitudes (mV); EZW, ellipsoid zone width
(mm); FAF, fundus autofluorescence (mm?); FPDI, Fundus perimetry deviation index (%).

values remained almost the same. In this study, magnitude
values of multi-luminance ERG increased during the follow-
up period with all kinds of treatment measures; in the control
group magnitude values decreased significantly at the end of
the 36th month.

In the natural course group without any treatment, all
functional and anatomical measurements deteriorated signif-
icantly with time.

Combined use of WJ-MSCs and rEMS is the most effec-
tive treatment modality to slow and maintain the retinitis
pigmentosa’s progression significantly during the 36 months,
compared to the application of only WJ-MSCs or only rEMS.
Only stem cells were more effective than the only rEMS re-
garding the slowing rate. Most of the treated patients express
improvement in daily life during the follow-up assessments,
but it has to be measured and confirmed with the “Quality
of Life Index.”

In Group 1, in which WJ-MSCs treatment was used alone,
all subjects expressed foggy vision or light flashes within the
first 3 months for a certain period of time. These complaints
were not expressed by any of the patients in the group re-
ceiving the combination of WJ-MSC and Magnovision. The
stabilization of cell membranes explains foggy vision in these
RP patients. Slow depolarization and repolarization of ion
channels lead to slower neurotransmission, delayed conduc-
tion, and hazy vision.®® Flashes of light in RP are defined
as neuronal noise caused by unnecessary excitation of ion
channels. Direct stimulation of the visual system other than
light causes phosphenes or photopsias produced by incor-
rect depolarization and repolarization of ion channels.! In
applying WJ-MSC alone, the rapid action of the released anti-
inflammatory cytokines and the cortisone-like membrane
stabilization may explain the foggy vision. Reactivation
of photoreceptors in the dormant phase but inappropriate
synaptic neurotransmission with bipolar cells may explain
light flashes. Magnovision’s excitability of ion channels with
physiological frequency may prevent fogging and flashing
complaints that develop after WJ-MSC application.*?

The research has some limitations. In some cases, the an-
atomical data and functional data were incompatible. FAF-
field, EZW, and visual field are not correlated in some cases.
In these cases, the comparison of homogeneous genetic mu-
tation types, detection of functional protein mutations, and
inflammatory mechanisms such as the complement system
should be addressed in separate research. For ethical reasons,
the worse eye is generally selected for stem cell injection.

Conclusion

Retinitis pigmentosa is a genetic and neurodegenerative dis-
ease characterized by progressive loss of photoreceptors and
outer retinal layers, eventually leading to total blindness. The
combination of Wharton’s jelly-derived mesenchymal stem
cells and Magnovision can significantly slow the progression
of the disease in comparison to natural progression rate for 3
years in appropriate cases.
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