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Abstract: Despite the documented efficacy and widespread clinical application of lidase magneto-
phoresis (LMP) and endonasal retinalamin electrophoresis (ERE) in Russia for the management of
retinal vein occlusion (RVO), the synergistic potential of these methods remains insufficiently stud-
ied in current literature. Purpose: To evaluate the efficacy of LMP and ERE combined with intravi-
treal ranibizumab for the management of non-ischemic superior temporal RVO by analyzing longi-
tudinal changes in central retinal thickness and total macular volume immediately post-treatment
and at a three-month follow-up. Materials and Methods: In this retrospective, single-center, three-
arm cohort study, we analyzed the clinical records of patients with non-ischemic superior temporal
RVO who underwent LMP and ERE in combination with anti-VEGF therapy. In the final analysis
were included 71 patients who underwent anti-VEGF monotherapy (control group). Additional to
anti-VEGF therapy 71 patients passed LMP (LMP group) and 72 patients completed LMP and ERE
(LMP + ERE group). Central retinal thickness and total macular volume were measured using opti-
cal coherence tomography at baseline, at one- and three-months post-treatment, and at the end of
the follow-up period. Best-corrected visual acuity was evaluated at the same intervals. Results: A
comparative analysis with anti-VEGF monotherapy revealed that combined application of ERE and
LMP offers superior efficacy in reducing central retinal thickness by an additional 12.2% (t =4.21,
p-value = 0.0001, Cohen's d = 0.72) and total macular volume by 13.3% (t = 4.31, p-value = 0.0001,
Cohen's d = 0.76) and in im-proving visual function by 66.7 (t = 30.2, p-value = 0.0001, Cohen's d =
6.5). Conclusions: Innovative complex use of ERE and LMP in the second month after the start of
treatment with intravitreal anti-VEGF therapy enhances the protective and regenerative effect of
anti-VEGF therapy. Application of this method leads to a more rapid reduction in central retinal
thickness and total macular volume, which is critical for preventing permanent vision loss, scotoma,
and optic nerve atrophy in patients following RVO.

Keywords: retinal vein occlusion; lidase magnetophoresis; Endonasal retinalamin electrophoresis; anti-
VEGEF therapy; central retinal thickness; total macular volume; best-corrected visual acuity; SAN-question-
naire.
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1. INTRODUCTION

Retinal vein occlusion (RVO) represents a significant vascular pathology characterized by the partial or complete
thrombotic blockage of the central retinal vein or its tributaries. This obstruction typically results in intraretinal hemor-
rhages and macular edema [1,2]. Globally, RVO is recognized as the second most prevalent retinal vascular disorder,
surpassed only by diabetic retinopathy [3,4]. The gender epidemiology of RVO varies significantly by ethnicity. In Eu-
rope, RVO is approximately 1.7 times more common in men [5,6], whereas in Korea, the prevalence of this disease
among women is 1.2 times higher [7,8]. In addition, there is a significant difference in the age of onset of the disease: in
men, the pathology usually develops earlier, on average at the age of 48 years, while in women it develops at the age of
54 years [9]. According to some data, there are no significant differences between the sexes in the development of RVO
[10]. Patients with RVO typically experience a sudden and painless onset of visual impairment. The degree of vision
loss is dictated by the specific site of the occlusion and the severity of the resulting ischemia [11,12]. Common compli-
cations that exacerbate the clinical course include macular edema, vitreous hemorrhage, and neovascular glaucoma [13-
20]

Retinal ischemia represents the most critical complication of RVO. It serves as a significant risk factor for the de-
velopment of pathological neovascularization of the iris and retina, which frequently results in irreversible and critical
acuity loss [21-27]. Although Fluorescein Angiography (FA) is still considered the gold standard for assessing capillary
nonperfusion [28], Wide-Field OCT-Angiography has emerged as a vital non-invasive diagnostic method for detecting
early ischemic signals [29,30]. Optical coherence tomography (OCT) allows for the identification of three unique mor-
phological patterns of macular edema resulting from RVO [31,32,33]: diffuse retinal thickening [34], cystoid Macular
Edema [35] and exudative retinal detachment [37,38]. Distinguishing between these patterns is essential, as they serve
as key indicators for predicting visual outcomes and tailoring the aggressiveness of the therapeutic approach.

1.1. Anti-VEGF Therapy

In alignment with the European Society of Retina Specialists (EURETINA) and Royal College of Ophthalmologists'
standards, intravitreal anti-VEGF agents (aflibercept, ranibizumab, bevacizumab) are strongly recommended as first-
line treatment and the gold standard for reducing leakage and rapidly improving vision [15,16]. Overlapping pathobi-
ological pathways in RVO indicate that targeting vascular stability beyond VEGF inhibition can improve treatment
durability. Faricimab, a bispecific antibody that simultaneously targets VEGF and Angiopoietin-2, was approved by the
U.S. Food and Drug Administration (FDA) in 2022. It is the first injectable RVO therapy to demonstrate 16-week dosing
intervals in Phase 3 trials, showing a significant positive effect on RVO treatment [39,40,41]. The pathological sequelae
following RVO are characterized by concurrent macular edema and neurosensory impairment. The multifactorial na-
ture of this condition necessitates the development of innovative therapeutic strategies to potentiate the clinical out-
comes of standard anti-VEGF therapy. These therapeutic modalities should provide protective, anti-inflammatory, and
regenerative effects to accelerate the functional recovery of the retinal layers, photoreceptors, and nerve fibers. Conse-
quently, innovative medical interventions have been developed in Russian ophthalmology to synergistically enhance
the efficacy of anti-VEGF therapy in RVO management.

1.2. Endonasal Retinalamin Electrophoresis

Electrophoresis (also referred to as iontophoresis) is a non-invasive drug delivery modality that utilizes low-inten-
sity electric current to facilitate the targeted migration of therapeutic agents across biological membranes, such as the
skin or mucous mem-branes [42,43,44]. One of the earliest medical applications was documented in 1740 by Pivati for
the treatment of arthritis [45]. The delivery process is primarily driven by two biophysical mechanisms: electromigration
(the movement of charged ions) and electro-osmosis (convective solvent flow) [46, 47]. This method is particularly ef-
fective for the transport of hydrophilic and larger water-soluble molecules —including peptides and small proteins —
which other-wise cannot penetrate biological barriers such as the blood-ocular barrier [48,49].

Extensive in vitro and in vivo research has demonstrated that charged and labeled compounds can migrate within
a direct current field at rates of 2-10 mm/h along nerve fibers [50,51,52]. These findings suggest that electrical stimula-
tion enhances in-tra-axonal transport between the cathode and anode, thereby promoting neuroregenerative processes
within nerve fibers. Furthermore, iontophoresis applied along the cell surface can induce receptor aggregation (such as
acetylcholine receptors) toward the cathodal pole within 30 minutes [53,54]. Emerging evidence also suggests a potential
modulatory effect on receptors for transforming growth factor beta and fibroblast growth factor [55].
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Given its long-standing history, this modality remains a vital tool in various medical fields, including contempo-
rary ophthalmology. Besides its electrotherapeutic im-pact, electrophoresis exerts a dual action by incorporating a phar-
macological component. By facilitating the iontophoresis of charged particles, this method effectively by-passes the
inner blood-retinal barrier to deliver therapeutic agents directly to the neu-ral retina [56,57,58]. The resulting accumu-
lation of Retinalamin —a bovine-derived complex of low-molecular-weight polypeptide fractions —enhances functional
out-comes by stimulating photoreceptor activity and modulating vascular permeability [56,57,58,59]. Since 1988, re-
search in laboratory animal models has elucidated the primary therapeutic effects of Retinalamin, which are driven by
its neural and retinal regenerative and protective activities [60, 61]. Retinalamin is primarily authorized for use in Russia
and several Commonwealth of Independent States countries, where it is manufactured by Geropharm and listed in
national medicine registers.

1.3. Lidase Magnephoresis

Experimental and clinical evidence identifies external magnetic field therapy as a potent modulator of neural
repair and survival, enhancing the regeneration of the op-tic nerve and retinal ganglion cells, accelerating synaptogen-
esis and increasing plasticity [62]. Other studies demonstrate that magnetic stimulation can stimulate nerve cell prolif-
eration and differentiation by activating extracellular signal-regulated kinase and c-Jun N-terminal Kinase signaling
pathways [63]. In addition, the restorative effect of magnetic stimulation has been experimentally proven, manifested
in an in-crease in the function and resistance of cells due to the activation of Ca2+ and Na+/K+ channels in the cell
membrane [64]. Additionally, external magnetic field therapy is used clinically to facilitate thrombolysis, enhance tar-
geted drug delivery, and attenuate inflammatory responses within the retinal microenvironmen [65,66,67,68]. Beyond
structural repair, external magnetic field therapy can potentiate the functional recovery of neuronal responses in the
visual cortex [60]. Magnetophoresis is a physical phenomenon concerning the motion of magnetic particles in response
to an external magnetic field by two mechanisms: magnetokinesis and alteration of barrier property of skin [69]. Con-
currently with electrophoresis, magnetophoresis represents a sophisticated, non-invasive approach that leverages ex-
ternal magnetic field gradients to direct therapeutic agents, such as hyaluronidase (Lidase), toward occluded retinal
vessels by penetrating the inner blood-retinal barrier. Recently, numerous experimental and clinical studies have vali-
dated the therapeutic potential of lidase magnetophoresis (LMP) following intravitreal anti-VEGF therapy in the treat-
ment of RVO, demonstrating potent anti-inflammatory and anti-neovascularization effects [58].

Despite the documented high efficacy and widespread clinical adoption of these modalities in Russia for patients
with retinopathy after RVO, there is a notable lack of publications evaluating their relative effectiveness or the extent of
their synergistic potential when used in combination. To fill this knowledge gap, we conducted a retrospective study
to evaluate the efficacy of LMP and endonasal retinalamin electrophoresis (ERE) combined with intravitreal ranibi-
zumab for the management of non-ischemic superior temporal RVO by analyzing longitudinal changes in central retinal
thickness and total macular volume immediately post-treatment and at a three-month follow-up.

2. MATERIALS AND METHODS

2.1 Study Design and Participants

In this retrospective, single-center three-arm cohort study we performed a retrospective analysis of clinical records
for patients with RVO who underwent LMP and ERE in combination with anti-VEGF therapy between 2020 and 2024
in the ophthalmology department of the Rostov Regional Clinical hospital. This study is a part of the official scientific
program of the Department of Sports Medicine and Medical Rehabilitation at Sechenov University.

2.1.1 Grouping Methodology

Eligibility Screening: A total of 526 medical records of patients with RVO who received anti-VEGF therapy, either
alone or in combination with LMP and ERE, were initially screened. 111 records were excluded for failing to meet the
predefined inclusion criteria.

Group Allocation: Propensity Score Matching method was applied to 415 patients, excluding 196 patients to obtain
3 matched groups by age, gender, central retinal thickness, and total macular volume. Of the remaining 219 patients 73
patients received only anti-VEGF therapy (control group). Additional to anti-VEGF therapy 72 patients under went
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LMP (LMP group) and 74 patients completed combined LMP and ERE treatment (LMP + ERE group) (Figure 1). At the
end of follow-up 5 patients were excluded from final analysis due to incomplete follow-up data. Consequently, the final
analysis comprised 71 patients in the control group, 71 patients in the LMP group, and 72 patients in the LMP + ERE

group.
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(n=526)
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2
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Figure 1. The CONSORT flow diagram. Note: LMP —lidase magnetophoresis, ERE — endonasal retinalamin electrophoresis.

2.1.2. Participant Selection Criteria
Inclusion criteria:

1. Europeans;
2. men and women from 40 to 70 years old;
3. central retinal thickness less than 550 pm;
4. total macular volume less than 16 mm3.
Exclusion criteria:
1. mental disorders;
2. thrombophilic disorders;
3. history of previously administered antiangiogenic therapy for the current condition;
4. non-compliance with follow-up protocols.

2.1.3. Consent to Participate
All study participants received a comprehensive explanation of the diagnostic and therapeutic procedures and

provided documented consent for the medical interventions performed during their hospital stay. All study participants
gave their documented, written informed consent to be included in this research. Additionally, they provided specific
approval for their data and the study's conclusions to be published after personally reviewing the final manuscript.
Neither the patients nor the researchers were given any form of financial payment for their involvement in the study.
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2.1.4. Ethical Consideration

Ethical approval and a waiver of informed consent for this research were granted by the Institutional Review Board
of Sechnov University (Moscow, Russia), as documented in Protocol No. 06-24 on March 14, 2024. All research protocols
complied with the ethical principles set out in the 1984 Helsinki Declaration and its subsequent amendments.

2.2 Sample Size Calculation

An a priori power analysis performed with G*Power (version 3.1.9.4) determined that a minimum of 59 partici-
pants was necessary to achieve a statistical power of 0.95. This calculation was based on an effect size of 0.4, a signifi-
cance level of 0.05, and a Type I error rate of 0.01. These parameters resulted in a noncentrality parameter of 3.35 and a
critical t-value of 1.62.

2.3 Clinical Examination and Outcomes Evaluation

All participants received a comprehensive diagnostic protocol, which included uncorrected and best-corrected vis-
ual acuity measurement, anterior segment evaluation via slit-lamp biomicroscopy, fluorescein angiography and auto-
mated static perimetry for visual field mapping. The posterior segment was thoroughly assessed using funduscopy
with a Goldmann three-mirror contact lens, supplemented by B-scan ultrasonography and high-resolution Optical Co-
herence Tomography (OCT).

2.3.1. Primary endpoints

Central retinal thicknessCentral retinal thickness is defined as the distance between the internal limiting membrane
and the retinal pigment epithelium at the foveal center. Central retinal thickness refers to the central 1-mm subfield
when using the Heidelberg Spectralis OCT. Central retinal thickness remains the definitive metric for diagnosing and
monitoring RVO-associated macular edema [70]. While reductions in central retinal thickness over time are a positive
sign, persistent or fluctuating thickness often predicts poorer long-term visual outcomes [71-76]. Quantitative central
retinal thickness was obtained using a Heidelberg Spectralis OCT device (Heidelberg Engineering GmbH, Germany),
which has been officially registered for medical practice in Russia since 2016 (Registration No. FSZ 2009/05829). OCT
examination was performed before the start of therapy and repeated monthly for six months.

Total macular volume is the quantitative measurement of the entire neural retina's thickness within the central
6mm area of the macula, calculated by summing volumes from segmented sections (like the inner 3mm and outer 3-
6mm rings) and is a key measurement of the macula's thickness and structure. For calculating total macular volume
OCTis used [77,78,79]. In our study were included only patients with total macular volume of 9 -15 mm3. Total macular
volume was assessed before treatment and repeated monthly for six months after treatment using a Heidelberg
Spectralis OCT system (Registration No. FSZ 2009/05829).

2.3.2. Secondary Endpoints

Visual function was evaluated using Best Corrected Visual Acuity (BCVA), defined as the maximum resolution
attainable with optimal refractive correction. BCVA assessments were conducted at baseline and subsequently repeated
at monthly intervals for six months following the initiation of therapy

Well-being, Activity, and Mood (SAN) questionnaire was designed to assess both the physical and psychological
dimensions of quality of life in both clinical and healthy populations. This instrument provides a differentiated self-
assessment of an individual's functional status by measuring three core states: well-being, activity, and mood [80,81,82].
The SAN questionnaire is widely used in Russia to evaluate mental health and physical activity of patients after RVO
[58,66].

2.4 Treatment Protocols

2.4.1. Anti-VEGEF therapy

Patients received a 0.5 mg dose of ranibizumab via intravitreal injection, per-formed under strict aseptic conditions
in an operating suite. Topical anesthesia was provided using 0.4% oxybuprocaine (Inocaine) drops. The medication was
delivered into the vitreous cavity through a transscleral approach using a 30 G needle, with the entry point positioned
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3.5 to 4 mm posterior to the limbus. A total of three doses were administered, with a 30-day interval between each
session.

2.4.2. Lidase magnetophoresis

The patient received a course of magnetophoresis using a contact ophthalmic emitter while in a prone position. A
gasket saturated with 64 units of Lidase solution was applied to the closed, affected eye. The therapy utilized a contin-
uous, clockwise running magnetic field with an induction of 6 mT and a frequency of 12 Hz. Treatment sessions lasted
20 minutes and were administered on alternate days for a total of 15 procedures. The LMP procedures were initiated
one month after the first ranibizumab injection and continued for a one-month duration. The procedures were per-
formed using the POLIMAG-02 magnetic therapy device. The device was manufactured by JSC 'GPZ'in Ryazan region,
Russia, registration number RZN 2017/6315 dated 03/10/2017. Lidase is a specific brand of hyaluronidase, an enzyme
used to increase the ab-sorption and dispersion of other injected drugs. Hyaluronidase is approved by both the FDA
and EMA under various brand names and in co-formulations.

2.4.3. Endonasal Retinalamin Electrophoresis

A 15-day regimen of retinalamin-mediated iontophoresis was performed using a bi-furcated endonasal anode. The
procedure utilized a 0.25% peptide solution delivered via the nasal mucosa toward the ophthalmic structures, with a
secondary 8 x 10 cm cathode placed at the upper cervical spine. Sessions lasted 15 minutes each with a tolerated current
range of 0.6 to 1 mA. The endonasal electrophoresis sessions were ad-ministered immediately following the completion
of the LMP procedure. The proce-dures were performed on alternate days. LMP and ERE protocols were started one
month after the first ranibizumab injection and lasted for one month (Figure 2). Electrophoresis was performed using
the Potok-1 (manufactured by EMA Plant CJSC, Yekaterinburg, Russia). The device holds a valid medical registration
(No. FSR 2010/09713 dated 12/30/2010) for delivering galvanic current in clinical settings. Retinalamin primarily ap-
proved and manufactured in Russia by Geropharm (registration number LC-000684 — 07.07.2010) and is available in
some neighboring Common-wealth of Independent States countries. Retinalamin is not U.S. Food and Drug Ad-min-
istration (FDA) or the European Medicines Agency (EMA) approved. Discussions of its efficacy can be framed as "ex-
perimental” or "region-specific" to maintain scientific rigor.

Figure 2. Technique of endonasal retinalamin electrophoresis application
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2.5. Statistical Analysis

In this retrospective, single-center, three-arms cohort study, patients were divided into three comparable groups
using SPSS for Windows (version 20) software. The primary endpoints in this research are the central retinal thickness
and total macular volume. The secondary endpoints were best corrected visual acuity and quality of life. To negotiate
differences, in baseline values between groups, Propensity Score Matching method were performed. To assess signifi-
cant differences between groups, data were summarized as mean (M) and standard deviation (SD). Inter-group com-
parisons were performed using Student's t-test, with statistical significance defined at p-value < 0.05. Furthermore, effect
sizes were calculated using Cohen’s d to quantify the magnitude of the observed differences. Data normality was as-
sessed using the Shapiro-Wilk test. The equality of variances of two or more groups was determined using the Levene
test. To minimize the risk of TypeI errors during simultaneous hypothesis testing, the Bonferroni correction was applied
to adjust for multiple comparisons. In our study, comparative analysis was conducted only between two groups for one
specific symptom. To compare the mean pre-treatment values of a four groups analysis of variance (ANOVA) was used.

3. RESULTS

3.1. Patient Demographics and Characteristics

Mean age of the participants was 55.4 + 9.1 years. Mean duration of RVO symptoms was 8.45 + 3.20 days. Data
from optical coherence tomography (OCT) indicated an increase in central retinal thickness averaging 419 + 50.5 pm,
alongside an elevated total macular volume of 12.4 + 2.30 mm? (Table 1).

Table 1. Characteristics of the participants

Characteristic Control group LMP LMP+ ERE F* P-
group group value**
Number of the participants, n 71 71 72

Male/Female 39/32 38/33 39/33 0.028# 0.98
Age (year) 55.4 +9.22 55.1 +9.5 55.9 +10.1 0.125  0.88
Duration of symptoms (days) 8.80 +3.58 8.45 +3.87 8.25+3.41 0.41  0.66
Central retinal thickness (mm) 426 + 56 416 + 61 415 + 64 0.72  0.49
Total macular volume (mm? 12.4 +2.20 12.5 + 2.60 12.2 +2.41 0.28  0.75

Note: LMP — lidase magnetophoresis, ERE — endonasal retinalamin electrophoresis, Mean + Standard deviation (SD), * F — F-value by ANOVA
test, ** p-value by ANOVA test. #- chi-square statistic.

In our study were included only patients with non-ischemic superior temporal RVO with development of su-
perotemporal quadrant (upper-outer section) edema. All patients showed foveal involvement, with 93.9% (n = 214)
exhibiting additional spread into the inferior macular region. Morphometric analysis identified that isolated cystoid
macular edema occurred in 38.8% of cases, while isolated diffuse retinal thickening was the least frequent pattern at
6.1%. A combined pattern of cystoid macular edema and diffuse retinal thickening (mixed-type) was the dominant type,
occurring in 55.1% of patients. Further subgroup analysis, as shown in Figure 3, confirmed that this pr-portional distri-
bution remained consistent across all patient categories (chi-square statistic = 1.1005, p-value = 0.8942).

3.2. Primary Clinical Outcomes

3.2.1. Central Retinal Thickness

At baseline, central retinal thickness ranged from 350 to 500 pum, with a mean of 419 + 50.5 pm. No statistically
significant differences were observed across the study groups at baseline (F = 0.72, p-value = 0.49). Following the first
month of anti-VEGF monotherapy, a significant reduction in central retinal thickness was observed in control group,
LMP group and LMP+ERE group by 20.4%, 18.0% and 19.3%, respectively.

After the application of LMP and ERE was found more decrease of this thickness by 12.9% after LMP and by 16.4%
following LMP+ERE treatment and only by 5.89% in control group. At the end of treatment both LMP and LMP+ERE
groups demonstrated statistical superiority over the control group in reducing central retinal thickness by 6.89% and
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12.3%, respectively. At the end of the follow-up, a mild continued decrease in central retinal thickness by 5.37% was
observed in LMP+ERE group, but not in the control and LMP groups (Figure 4).
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Figure 3. The relative distribution of morphometric variations in macular edema across the analyzed groups.
Note: LMP —lidase magnetophoresis, ERE — endonasal retinalamin electrophoresis.
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Figure 4. Dynamics if central retinal thickness in the observed groups in pm.
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3.2.2. Total Macular Volume

Prior to treatment, all study groups exhibited elevated total macular volume, with an overall mean of 12.4 + 2.30
mm?. Statistical analysis con-firmed that the studied groups were homogeneous at baseline, with no significant inter-
group differences detected (F =0.28, p-value = 0.75).

After the first month of treatment by anti-VEGF monotherapy the decrease of this anatomical value was detected
in control group by 12.1%, in LMP group by 16.0% and in LMP+ERE group by 13.1%. The application of LMP and ERE
led to an additional significant decrease in total macular volume by 13.3% in the LMP group and 19.8% in the LMP+ERE
group. In contrast, the control group exhibited a more modest decrease of 10.1%. Meanwhile, LMP and LMP+ERE
groups showed superior efficacy over control group, reducing total macular volume by 7.14% and 13.3%. At the end of
the follow-up period, the improvement achieved was maintained without negative dynamics (Figure 5).
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3.3. Secondary Clinical Outcomes

3.3.1. Best Corrected Visual Acuity

At baseline, visual function was significantly impaired across all participants, with a mean BCVA of 0.17 + 0.08.
The study groups were well-matched, with no significant differences detected (F =2.19, p-value = 0.11) (Figure 6).

Following the initial anti-VEGF monotherapy all groups showed significant improvement in BCVA. The average
improvement rate was 93.7% in the control group, 84.2% in the LMP group, and 88.9% in the LMP+ERE group. After
the application of LMP and LMP+ERE treatment BCVA improvements were recorded by 57.1% in the LMP group and
91.2% in the LMP+ERE group, while the control group improved by only 10.7%. Consequently, treatment efficacy in
the LMP and LMP+ERE groups exceeded that of the control group by 41% and 67%, respectively. At the end of follow-
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up compared to the results obtained after 3 months of treatment continuing improvement was observed in LMP group
by 15.4%, in LMP+ERE group by 23.6%. This positive decline in BCVA was higher than in control group by 51.1 % in
LMP group and by 80% % in LMP+ERE group. By the end of the follow-up period, the LMP group showed an additional
15.4% improvement, while the LMP+ERE group demonstrated significant improvement of 24.6%. This continued pro-
gress significantly exceeded that of the control group, by 51.1% in LMP group and by 80% in LMP+ERE group.
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Figure 6. Dynamics of best corrected visual acuity in the observed groups in points.
Notes: LMP — lidase magnetophoresis, ERE —endonasal retinalamin electrophoresis, ** - p-value < 0.01.

3.3.2. Quality of Life

Well-being Aspect: The baseline mean for well-being was 3.04 + 0.6 points, with no significant intergroup differ-
ences observed (F = 0.58; p-value = 0.56). By the end of the follow-up period, well-being scores had improved by 12.1%
in the control group, 38.9% in the LMP group, and 51.1% in the LMP+ERE group. Compared to the control group, these
improvements were significantly higher in the LMP group by 21.1% and the LMP+ERE group by 37.4% (Figure 7).

Activity Aspect: The average pretreatment activity score was 2.16 + 0.5 points, with statistical homogeneity across
study groups (F =0.81; p-value = 0.44). Post-treatment analysis revealed positive dynamics of 46.4% in the control group,
76.4% in the LMP group, and 97.2% in the LMP+ERE group. In comparison to the control group, the improvement in
activity was significantly greater in the LMP group by 27.4% and in the LMP+ERE group by 40.5%.

Mood Aspect: Prior to treatment, mood indicators were uniformly reduced across all groups, averaging 2.57 + 0.5
(F =0.46; p-value = 0.63). Post-treatment results demonstrated significant improvements in all groups, most notably in
the LMP and LMP+ERE groups, which exhibited increases of 42.9% and 70%, respectively. In contrast, the control
group’s improvement remained below 17%. When compared directly to the control group, the efficacy of the LMP and
LMP+ERE interventions were 26% and 49.1% higher, respectively.
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3.4. Side Effects
No side effects were observed after LMP and ERE procedures.

4. DISCUSSION

This large-scale retrospective study investigated the efficacy of combining novel physical therapy techniques with
anti-VEGF therapy for patients with RVO. Existing literature on the efficacy of LMP and ERE in ophthalmology is
sparse. Available studies are predominantly published in Russian and limited by small sample sizes. Additionally, there
is a lack of research comparing these two methods or investigating their potential clinical benefits when used in combi-
nation. Accordingly, the objective of this study was to evaluate the efficacy of LMP and ERE combined with intravitreal
ranibizumab for the management of non-ischemic superior temporal RVO by analyzing longitudinal changes in central
retinal thickness and total macular volume immediately post-treatment and at a three-month follow-up.

In this study, we performed a retrospective review of medical records for patients with non-ischemic superior
temporal RVO. The analysis included patients who had received anti-VEGF therapy, either as a monotherapy or in
combination with LMT or ERE. Anti-VEGF therapy consisted of three monthly intravitreal ranibizumab injection. The
LMT and ERE protocols were initiated one month after the first injection and continued for a one-month duration.

4.1. Anti-VEGF Therapy

The control group received anti-VEGF monotherapy, as did the other groups during the first month of treatment
before the inclusion of LMP and ERE methods. Reductions in central retinal thickness and total macular volume were
noticeable after the first injection, with a gradual decrease in these values after each subsequent injection. Regression of
anatomical abnormalities was accompanied by a significant improvement in BCVA and quality of life. While the effec-
tiveness of anti-VEGF therapy is well-established, clinical success remains variable, depending on the choice of drug,
total treatment duration, and the severity of baseline ischemic conditions [82-86].
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4.2. Lidase Magnetophoresis

Our findings demonstrate that the combined use of LMP significantly potentiates the efficacy of anti-VEGF ther-
apy, resulting in a more pronounced reduction in both central retinal thickness and total macular volume. Significantly,
the recovery of BCVA following LMP therapy far exceeded the degree of anatomical restoration. This disparity suggests
that LMP potentiates visual function not only through retinal recovery effect but also via direct neuromodulation of the
optic nerve fibers, retinal receptors, and the visual cortex [60,62]. Comparative analysis with other published results is
limited by the novelty of this treatment protocol in clinical practice. While previous studies have explored magnetic
stimulation, they are largely focused on other ophthalmological disorders, leaving a significant gap in research regard-
ing its effectiveness for RVO [87,88,89,90,91]. Nevertheless, several clinical studies focusing on the management of RVO
have recently been published. These investigations demonstrate the high efficacy of combining LMP with anti-VEGF
therapy in promoting retinal regeneration and the regression of central retinal thickness and total macular volume
[58,65,66,67].

The primary advantage of LMP lies in its dual therapeutic effect: first, the beneficial regenerative and neuropro-
tective impact of the magnetic field on the retina and optic nerve; and second, the potentiation of the drug's pharmaco-
logical activity. By establishing a stable magnetic field, this method facilitates the targeted movement of charged lidase
particles, enabling them to penetrate the inner blood-retinal barrier and reach otherwise inaccessible areas of retinal
ischemia and damage [58,67]. Lidase in addition to enhancing fluid resorption and structural stabilization, promotes
an-ti-inflammatory activity, facilitates tissue recovery, and improves the transretinal penetration of concomitant phar-
macological agents [92].

4.3. Combined Application of Endonasal Retinalamin Electrophoresis with Lidase Magnetophoresis

The evidence from our study clarifies that the combined application of ERE with LMP demonstrated superior effi-
cacy in enhancing the positive results achieved with the complex use of LMP and anti-VEGF therapy in reducing central
retinal thickness by 5.72% (t = 2.02, p-value = 0.04, Cohen's d = 0.34) and total macular volume by 6.6% (t = 2.04,
p-value = 0.04, Cohen's d = 0.33). Nevertheless, the effect size remains below 0.5, suggesting that while a measurable
difference exists between the groups, its clinical significance is marginal.

Of particular note, a comparative analysis with anti-VEGF monotherapy revealed that combined application of
ERE with LMP offers superior efficacy in promoting the regression of anatomical abnormalities. Specifically, this
method outperformed anti-VEGF monotherapy by reducing central retinal thickness by an additional 12.2% (t = 4.21,
p-value = 0.0001, Cohen's d = 0.72) and total macular volume by 13.3% (t = 4.31, p-value =0.0001, Cohen's d =0.76), with
both outcomes exhibiting a strong effect size.

Notably, the improvement in visual function achieved with this method exceeded the effectiveness of LMP by
18,8% (t = 12.3, p-value = 0.0001, Cohen's d = 2.2) and the effectiveness of anti-VEGF monotherapy by 66.7 % (t = 30.2,
p-value = 0.0001, Cohen's d = 6.5).

The use of electrophoresis in ophthalmology is an innovative and understudied scientific field. However, its effec-
tiveness has been proven in improving clinical and electrophysiological parameters of optic nerve function and bulbar
microcirculation [58,65,66,67,93].

In addition to the inherent benefits of electrical stimulation ERE operates through a second mechanism involving
the targeted transport of retinalamin to the retina, effectively bypassing the inner blood-retinal barrier [58,65,66,67].
Retinalamin is a pharmacotherapeutic agent composed of a standardized complex of water-soluble polypeptide frac-
tions, with a low molecular weight profile under 10,000 Da. Typically administered via intramuscular injection, it is
used to decrease degenerative processes and accelerate tissue repair within the retina. These clinical benefits are
achieved through a multifaceted metabolic mechanism that activates retinal metabolism, enhances intracellular protein
synthesis, and regulates lipid peroxidation. Beyond its antioxidant properties, retinalamin enhances the homeostatic
relationship between the retinal pigment epithelium and photoreceptor outer segments [61].

The observed improvement in quality of life across all treatment groups was most pronounced with the combined
use of ERE, LMP, and anti-VEGF therapy, which showed a 2 times greater improvement than anti-VEGF monotherapy
and 38% superiority compared to the LMP and anti-VEGF combination. This result correlates directly with the anatom-
ical and functional advantages recorded for the combined ERE, LMP, and anti-VEGF therapy.

Thus, the complex application of LMP and ERE demonstrates a pronounced quadruple synergistic effect, which
combines the distinct mechanisms of action of both LMP and ERE. This multifactorial strategy significantly potentiates
the efficacy of anti-VEGF therapy and accelerates the achievement of clinical outcomes.
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5. LIMITATIONS

This study is not without limitations. The first limitation is that his study did not include a placebo-only group, as
withholding established effective treatment for retinal vein occlusion during the acute phase would be ethically imper-
missible. Addition-ally, we also could not conduct a comparative analysis between LMP and ERE separately because
this study is retrospective and the number of patients who underwent ERE in combination with anti-VGEF therapy
without LMP is too small to constitute a separate comparable group. An important limitation of our study is the scarce
nature of the procedures and substances used, specifically Retinalamin, which is primarily used in Russia and a limited
number of other countries. Additionally, it must be noted that our results are viable only in the Caucasian population
and specifically for non-ischemic branch retinal vein occlusion; therefore, these findings should not be generalized to
central retinal vein occlusion or ischemic branch retinal vein occlusion.

6. CONCLUSIONS

Innovative complex use of ERE and LMP in the second month after the start of treatment with intravitreal anti-
VEGEF therapy enhances the protective and regenerative effect of anti-VEGF therapy. Application of this method lead
to an earlier reduction in central retinal thickness and decrease in total macular volume, which is important for the
prevention of the development of permanent vision loss, scotoma and optic nerve atrophy in patients after RVO. More-
over, this method directly and simul-taneously impacts photoreceptors, the optic nerve, and the visual cortex, which
significantly accelerate vision recovery and markedly improve patients' psychological and physical quality of life.
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