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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

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;
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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. rEMS 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 (Nüve NF 1200R, Nüve
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
(MagnovisionTM, Bioretina Biyoteknoloji AŞ,
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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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 BCVAs 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:

– 5 patients: received rEMS in one eye, rEMS ?

aPRP in the other eye (total ten eyes)
– 2 patients: received rEMS in one eye (total

two eyes)
– 2 patients: 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).

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) rEMS 4/3 34.1 (15–74) 1

Group 2 (n = 7) rEMS ? aPRP 4/3 40.8 (15–76) 1

Group 3 (n = 14) No ocular treatmenta 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
a There is no local or regional treatment. If any underlying systemic disease was detected, then it was treated accordingly

Adv Ther



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

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

1 21 F Pernicious anemia R PRP ? rEMS 51.0 61.0 65 105

L rEMS 48.6 52.3 65 100

2 40 M Renal hypertension R rEMS 55.0 58.4 95 100

3 15 F Atrial septal defect R rEMS 53.3 55.5 65 95

L PRP ? rEMS 45.0 55.6 50 95

4 33 M Thoracic trauma R rEMS 53.8 58.2 105 105

L PRP ? rEMS 51.1 59.6 100 105

5 20 F Oral contraceptive R PRP ? rEMS 52.1 61.6 100 105

L rEMS 53.9 61.1 105 105

6 74 F Cardiac arrhythmia R rEMS 42.2 44.8 95 95

L PRP ? rEMS 42.8 49.2 89 95

7 36 M Head trauma R rEMS 57.2 62.3 105 105

8 47 M Retinal detachment surgery L PRP ? rEMS 39.7 52.3 50 70

9 76 M Retinal detachment surgery R PRP ? rEMS 46.9 55.9 50 65

Follow-up 1 month. Treatment group composed of groups 1 and 2, 14 eyes of 9 patients
DRCD deep retinal capillary density (%), BCVA best corrected visual acuity (ETDRS letters)
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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

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/gender Medical status Eye (n = 14) DRCD BCVA

Initial Last Initial Last

1 17 F Talassemia minor R 49.1 47.3 80 80

L 48.2 47.6 80 80

2 39 M Cardiac arrhythmia R 48.6 47.3 105 105

L 47.8 46.8 105 105

3 21 F Oral contraceptive R 56.1 47.9 74 74

L 55.3 49.8 74 74

4 75 F Hypertensive attack R 50.6 43.1 100 100

L 51.8 49.0 100 100

5 42 M Uncontrolled hypertension R 57.9 57.6 105 105

L 57.9 57.6 105 105

6 37 M Head trauma L 59.8 58.7 105 105

7 71 M Uncontrolled hypertension R 47.9 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 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)
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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 75 kDa 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].

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

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

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

Adv Ther



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.

Fig. 2 DRCD and BCVA changes before and after
combined sub-tenon PRP ? 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 corrected visual acuity changes in three groups (n = 28 eyes of 17 patients)

Group DRCD p BCVA p

Initial Last Initial Last

1 rEMS alone (n = 7) 52.0 ± 5.5 56.1 – 6.0 0.01* 90.7 ± 4.13 100.7 ± 4.5 0.14

2 rEMS ? aPRP (n = 7) 46.9 ± 4.7 56.5 – 4.6 0.01* 72.0 ± 13.6 93.6 – 13.4 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
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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

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 rEMS 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

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

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