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Aim and Scope

The BEYOGLU EYE JOURNAL is an international periodical published triannually based on
independent, unbiased, double-blinded and peer-review principles. Four issues are released every
year in March, June, September, and December. The language of publication is English.

The BEYOGLU EYE JOURNAL aims to publish qualified and original clinical, experimental and
basic research on ophthalmology at the international level. The journal’s scope also covers editorial
comments, reviews of innovations in medical education and practice, case reports, scientific letters,
educational articles, letters to the editor, articles on publication ethics, technical notes, and reviews.

The target readership includes academic members, specialists, residents, and general practitioners
working in the field of ophthalmology.

The editorial and publication processes of the journal are conducted in accordance with the
guidelines of the International Committee of Medical Journal Editors (ICMJE), the World Association
of Medical Editors (WAME), the Council of Science Editors (CSE), the European Association of
Science Editors (EASE), and the Committee on Publication Ethics (COPE).

Beyoglu Eye Journal is indexed in TUBITAK TR Index (2016), Turk Medline (2017), Turkiye Citation
Index (2017), EBSCO (2018), PubMed (2019), PubMed Central (2019), ProQuest (2020), DOAJ (2020),
Research4Life (2020), Hinari (2020), Scope Database (2021), Scopus (January 2023), GALE (June 2023),
Idealonline index (2024) and Asian Science Citation Index (ASCI)(2024), ]-Gate (2025).

It is the goal of the BEYOGLU EYE JOURNAL to be indexed in the Web of Science, SCI-Expended
and Index Medicus.

The requirements for submission of manuscripts and detailed information about the evaluation
process are available in the published journal and also as ‘Instructions for Authors’ on the website
(www.beyoglueye.com).

Statements and opinions expressed in the BEYOGLU EYE JOURNAL reflect the views of the
author(s). All liability for the advertisements rests with the appropriate organization(s). The Beyoglu
Eye Training and Research Hospital, the editor-in-chief and KARE PUBLISHING do not accept any
responsibility for these articles and advertisements.

Subscriptions
Applications for subscriptions should be made to the editorial office.
Financial support and advertising

The revenue of the BEYOGLU EYE JOURNAL is derived from subscription charges and
advertisements. Institutions wishing to place an advertisement in the printed version of the journal
or on the webpage should contact KARE PUBLISHING.
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Instructions for Authors

Submission of Manuscripts

This journal uses JournalAgent to peer-review manuscript submissions.
Please read the guide for JournalAgent authors before making a submission.
Complete guidelines for preparing and submitting your manuscript to this
journal are provided below. (https://www.journalagent.com/beyoglu/)

All authors’ ORCID numbers need to be submitted when creating an
account for correspondence. To obtain an ORCID number, please visit:
https://orcid.org/

Manuscripts must be submitted through the journal’s website http://www.
journalagent.com/beyoglu/. Paper manuscript submissions are not accepted.
Full-length papers comprise the major part of each issue. Reviews are
accepted for publication only at the invitation of the Editors.

It is the responsibility of the authors to ensure that the English used in
their manuscript is correct, both grammatically and stylistically, before
submission.

Beyoglu Eye Journal strives to publish papers of high quality regarding clinical
research, epidemiology, anatomy, biophysics, biochemistry, developmental
biology, microbiology, and immunology related to the eye and vision.

Publishing Ethics

The Editors and Kare Publishing are committed to upholding the highest
academic, professional, legal, and ethical standards in the publication of
this journal. To this end, we have adopted a set of guidelines, to which all
submitting authors are expected to adhere, to assure integrity and ethical
publishing for authors, reviewers, and editors.

The publisher, Kare Publishing, is a member of the Committee of
Publications Ethics (COPE). COPE aims to provide a forum for publishers
and editors of scientific journals to discuss issues related to the integrity
of their work, including conflicts of interest, falsification and fabrication of
data, ethical misconduct, unethical experimentation, inadequate patient
consent, and authorship disputes. For more information on COPE please
visit http://publicationethics.org.

Fees
There is no fee for article submission, article processing or publication.
Policy of Screening for Plagiarism

The manuscripts are scanned by the Publisher’s Office using the iThenticate
program for determination of plagiarism and non-ethical situations.

Open Access

Beyoglu Eye Journal is an open access journal which means that all content
is freely available without charge to the user or his/her institution. Users
are allowed to read, download, copy, distribute, print, search, or link to
the full texts of the articles, or use them for any other lawful purpose,
without asking prior permission from the publisher or the author. This is in
accordance with the BOAI definition of open access.

Commons User Licenses

Creative Commons Attribution-NonCommercial (CC BY-NC) For non-
commercial purposes, lets others distribute and copy the article, and
to include in a collective work, as long as they credit the author(s) and
provided they do not alter or modify the article.

Length of Manuscripts: The maximum word count and illustrations including
tables is:

Full Papers: 5000 words, 8 illustrations / tables

Case Reports: 3500 words, 5 illustrations / tables, max 6 authors

Short Communications: 1500 words, 4 illustrations / tables, max 2 authors
Reviews: 7000 words, 10 illustrations / tables

Case Reports: 4000 words, 8 illustrations / tables

Surgical Techniques: 4000 words, 8 illustrations / tables, max 3 authors

Authors who wish to contribute a review should first contact one of the
editors-in-chief, Muhittin Taskapili (mutaskapili@gmail.com).

The journal accepts letters (not to exceed 750 words) only if they concern
articles already published in Beyoglu Eye Journal. (max 2 authors)

Announcements of forthcoming meetings, courses, etc., may be published.
The editors will also consider special issues containing papers on topics of
focus or from a conference.

Each manuscript must be accompanied by a statement indicating that it
has not been published elsewhere and that it has not been submitted
simultaneously for publication elsewhere. Beyoglu Eye Journal follows the
guidelines of the International Committee of Medical Journal Editors, which
generally prohibits duplicate publication (http://www.icmje.org/). It is also
the responsibility of the lead or corresponding author to indicate on the
manuscript title page whether a commercial relationship existed in the form
of financial support or personal financial interest. Financial support includes
support from a for-profit company in the form of research funding.

Authors are responsible for obtaining permission to reproduce copyrighted
material from other sources and are required to sign an agreement for the
transfer of copyright to the publisher. As an author, you are required to
secure permission if you want to reproduce any figure, table, or extract
text from any other source. This applies to direct reproduction as well as
"derivative reproduction” (such as when you have created a new figure or
table which is derived substantially from a copyrighted source).

All accepted manuscripts, artwork, and photographs become the property
of the publisher. All parts of the manuscript should be written in a clear
font, such as Times New Roman or Arial, double-spaced, with margins of at
least one inch on all sides. The main text and tables should be uploaded as
Word documents. Do not include line numbers. Manuscript pages should
be numbered consecutively throughout the paper.

Authors should provide a cover letter that includes the contact details of
the corresponding author. Authors should briefly explain why their work is
appropriate for Beyoglu Eye Journal.

Manuscript Structure

Submissions need to be of sufficient editing quality that they will be easily
interpreted by the readership of the Journal. If submitted work does not
meet this standard, it will be returned to the authors. The Journal follows
the AMA Manual of Style for manuscripts submitted to biomedical journals.

Set your document as A4 paper, use double line spacing, Times font size
12, number all pages, do not justify the right margin, and do not use line
numbers. Save your manuscript as a Word document (.doc, .docx, or
previous).

Structure your manuscript file as follows: Title page, Abstract and key
words, Text, Acknowledgments, References, Tables, Figure legends.

Title page. The first page (title page) of your manuscript file must include the
following information:

* Full title (max 150 characters including letters and spaces), which must
be concise and informative.

» Short title (max 75 characters, including letters and spaces).

* All authors listed as first name, initials, and last name (i.e., Zeynep Alkin,
MD) with highest academic or medical degree first.

* Institutional affiliation of each author, using superscripts and not symbols
(e.g., Alper Agcal).

* Corresponding author’s information (full mailing address, phone and fax
numbers, email address); this is usually the submitting author-.

* Clinical trial protocol number when submitting a clinical trial protocol.

* Online-only supplementary material, with a short description.



Abstract. A structured abstract of no more than 350 words is to be provided,
divided into the following sections: Objectives, Methods, Results, and
Conclusion. Avoid abbreviations, diagrams, and reference to the text in the
abstract. At least three and maximum of six key words should be identified
for indexing. List the key words beneath the abstract in alphabetical order.
Use terms from the Medical Subject Headings list from Index Medicus
whenever possible. A library of terms is available at http://www.nlm.nih.
gov/mesh/meshhome.html.

Main Text. Divide the text into the following sections: Introduction,
Methods, Results, Discussion and Conclusion. Use commas (,) to separate
thousands and full stop (.) for decimals (e.g. 12,354.55). Include tables in
the manuscript file, after the references. Number all figures (graphs, charts,
photographs, and illustrations) in the order of their citation in the text.
Figures must be submitted as separate files and not embedded in the Word
document.

Funding. List all sources of funding for the research.

Declaration of Interests. Declare any competing interests for each author. All
authors must disclose any financial and personal relationships with other
people or organizations that could inappropriately influence (bias) their
work. It is the sole responsibility of authors to disclose any affiliation with
any organization with a financial interest, direct or indirect, in the subject
matter or materials discussed in the manuscript (such as consultancies,
employment, paid expert testimony, honoraria, speakers bureaus, retainers,
stock options or ownership, patents or patent applications or travel grants)
that may affect the conduct or reporting of the work submitted. All sources
of funding for research are to be explicitly stated. If uncertain as to what
might be considered a potential conflict of interest, authors should err on
the side of full disclosure.

All submissions to the journal must include full disclosure of all relationships
that could be viewed as presenting a potential conflict of interest. If there
are no conflicts of interest, authors should state that there are none. This
must be stated at the point of submission (within the manuscript after the
main text under a subheading "Declaration of interest" and where available
within the appropriate field on the journal’s Manuscript Central site). This
may be made available to reviewers and will appear in the published article
at the discretion of the Editors or Publisher.

If no conflict is declared, the following statement will be attached to all
articles: Declaration of interest. The authors report no conflicts of interest.
The authors alone are responsible for the content and writing of the paper.

The intent of this policy is not to prevent authors with these relationships
from publishing work, but rather to adopt transparency such that readers
can make objective judgments on conclusions drawn.

Acknowledgments.

List in this section:

* Any substantial contribution provided by a person other than the author
and who does not fulfill authorship criteria

* The assistance of medical writing experts

» All participating group authors who do not meet the full authorship
criteria

* All sources of funding for the manuscript and the financial disclosures for
all authors

Written permission must be obtained to include the names of all individuals
included in the Acknowledgments section.

If the manuscript has been presented at a meeting, please indicate in this
section name, location, and date of event.

References. References should be identified in the text with Arabic numerals
and numbered in the order cited. All references should be compiled at the
end of the article in the Vancouver style.

Authors are responsible for the accuracy and completeness of their
references and for correct text citation. Personal communications,

unpublished data, abstracts, and oral or poster presentations should be
limited and incorporated in parentheses within the text without a reference
number. Signed permission should be included from each individual
identified in a personal communication or as a source for unpublished data,
as well as the date of communication.

Authors are responsible for the accuracy and completeness of their
references and for correct text citation. Personal communications,
unpublished data, abstracts, and oral or poster presentations should be
limited and incorporated in parentheses within the text without a reference
number. A signed permission should be included from each individual
identified in a personal communication or as a source for unpublished data,
as well as the date of communication.

* References should follow the text and begin on a separate page.

* References must be double line spaced and numbered consecutively
in order of appearance within the text, using the Word automated
numbering tool.

* Identify references in text, tables, and legends with Arabic numerals in
parentheses, i.e., (5).

« List all authors when six or fewer; when seven or more, list only the first
three and add et al.

» References used within tables or figure legends should be included in the
reference list and numbered in consecutive order according to the table/
figure citation in the text.

* Journal names should be abbreviated according to Index Medicus/
Medline. If there is any doubt about abbreviation of a journal name, it
should be spelled out completely.

* Any references to studies (including books or articles) that have been
accepted for publication but are not yet published should indicate where
they will be published and have the term “in press” in the reference in
place of volume and page numbers. These must be updated prior to
publication, if possible.

Examples.

Journal article (print): Erdogan G, Unlu C, Gunay BO, Kardes E, Ergin
A.Implantation of foldable posterior chamber intraocular lens in aphakic
vitrectomized eyes without capsular support. Arq Bras Oftalmol
2016;79:159-62.

Journal article (print, more than six authors): Ozkaya A, Alagoz C, Garip R,
et al. The role of indocyanine angiography imaging in further differential
diagnosis of patients with nAMD who are morphologically poor responders
to ranibizumab in a real-life setting. Eye (Lond) 2016;30:958-65.

Book: Bill A, Maepea O. Mechanisms and Routes of Aqueous Humor
Drainage. Philadelphia: WB Saunders; 1975.

Contribution to a Book: Farris RL. Abnormalities of the tears and treatment
of dry eyes. In: Kaufman HE, Barron BA, McDonald MB, editors. The
Cornea. 2nd ed. Boston, MA: Butterworth-Heinemann; 1998.

Tables and Figures. Tables and figures should not be embedded in the text,
but should be included as separate sheets or files. A short descriptive title
should appear above each table with a clear legend and any footnotes
suitably identified below. All units must be included. Figures should be
completely labeled, taking into account necessary size reduction.

Captions should be typed, double-spaced, on a separate sheet. All original
figures should be clearly marked with the number, author’s name, and top
edge indicated.

lllustrations. lllustrations submitted should be clean originals or digital files.
Digital files are recommended for highest quality reproduction and should
follow these guidelines:

300 dpi or higher sized to fit on journal page EPS, TIFF, or PSD format only
submitted as separate files, not embedded in text files

Page Proofs: All proofs must be corrected and returned to the publisher
within 48 hours of receipt. If the manuscript is not returned within the
allotted time, the editor will proofread the article and it will be printed per
the editor’s instruction.



Ethics and Policies

Ethical Responsibilities and Policies
Publication Ethics

The Beyoglu Eye Journal applies standards throughout the publication
process to further our goal of sharing high-quality, objective, reliable, and
useful information. We implement these processes to ensure appropriate
support for our authors and their institutions, as well as our readers.
It is crucial that all of the stakeholders in the process (authors, readers
and researchers, publishers, reviewers, and editors) comply with ethical
principles.

The Beyoglu Eye Journal is an open access publication and follows the
guidelines and policies published by the Committee on Publication Ethics
(COPE) (https://publicationethics.org). We expect all participants to
observe the ethical responsibilities presented below.

Author’s Responsibilities

¢ Studies submitted for publication must be original works of the author.
References to other studies must be cited and/or quoted completely and
accurately;

® Only those who provide a substantial intellectual contribution to the
content of the work may be cited as an author. Other contributors may
be recognized with acknowledgements at the conclusion of the article;

® Competing interests or relationships that may constitute a conflict of
interest must be declared and explained in all studies submitted for
publication;

¢ Authors must be able to provide documentation showing that they have
the right to use the data analyzed, the necessary permissions related to
the research, and any appropriate consent;

® Raw data used in the article must be available and may be requested from
the author(s) within the framework of the evaluation process;

® In the event the author(s) notice an error at any point in the publication

process or after publication, they have the obligation to inform the

journal editor or publisher and cooperate in appropriate corrective

action;

Authors may not submit their article for publication to more than one

journal simultaneously. Each application must be initiated following the

completion of any previous effort. The Beyoglu Eye Journal will not

accept previously published articles;

® Changes in authorship designation (such as adding authors, changing the
printed order of the authors, removing an author) once the evaluation
process has begun will not be accepted in order to protect all parties
involved.

Editor’s Role and Responsibilities

General Duties

The editor is responsible for everything published in the journal. In the
context of this responsibility, editors have the following duties and
obligations:

® Endeavor to meet the needs of readers and authors;

® Maintain continuous development to improve the quality of the journal;

¢ Consistently work to ensure quality;

¢ Support freedom of thought;

¢ Ensure academic integrity;

® Prevent business needs from compromising intellectual and ethical
standards;

® Demonstrate clarity and transparency with any necessary corrections or
explanations.

Reader Relationship
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Original Article

Swept-Source Optical Coherence Tomography and
Optical Coherence Tomography Angiography Findings
in Patients with Solar Retinopathy

Erkut Kucuk, © Huseyin Yesilyurt, ©© Kursad Ramazan Zor, ©© Omer Ozer, ©© Muge Coban Karatas

Department of Ophthalmology, Nigde Omer Halisdemir University, Faculty of Medicine, Nigde, Turkiye

Abstract

Objectives: Solar retinopathy is a retinal disease caused by exposure to ultraviolet radiation from sunlight, primarily
affecting the outer retinal layers, including photoreceptors and the retinal pigment epithelium. This cross-sectional study
aimed to present the optical coherence tomography (OCT) and OCT angiography (OCTA) findings in patients with solar
retinopathy.

Methods: Fourteen eyes from || patients with a history of solar exposure during a partial solar eclipse were included.
OCT and OCTA were performed and parameters including central macular and choroidal thickness, outer retinal defect
thickness, retinal pigment epithelium (RPE)-Bruch membrane thickness, outer retinal defect area on en face OCT, OCTA
foveal avascular zone area, and vessel density in the central fovea were measured. Their correlation with the visual acuity
(VA) was investigated.

Results: Hyporeflective outer retinal defects including the ellipsoid and interdigitation zones were observed in all eyes in
B scan and en face structural OCT. OCTA indicated a normal vascular pattern with no choriocapillaris flow deficits corre-
sponding to the outer retinal defects. A significant positive correlation was found between VA and RPE-Bruch membrane
thickness under the outer retinal defect. There was no significant relationship between VA and other OCT and OCTA
parameters.

Conclusion: The outer retina is affected in solar retinopathy. En face structural OCT enables the measurement of the
area of outer retinal defect. The significant relationship between VA and RPE-Bruch membrane thickness suggests that
this may be an indicator of severity.

Keywords: Optical coherence tomography angiography, optical coherence tomography, solar retinopathy

Introduction

The detrimental effects of staring at the sun have been ac-
knowledged for a long time. The term used to characterize
the retinal damage due to exposure to ultraviolet (UV) from
solar radiation referred to as solar retinopathy (I). Evaluat-

ing solar retinopathy prevalence is not easy because many
individuals who engage in unprotected sun viewing do not
seek medical attention. Also diagnosing a patient with this
pathology in the chronic phase proves challenging even eval-
uated by an ophthalmologist (1,2). The outer retinal layers
including photoreceptors and the retinal pigment epithe-
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lium (RPE) are especially susceptible to the toxicity of UV
radiation from sunlight (3). UV radiation primarily induces
damage to the retina through the photochemical pathway
(4). In the photochemical pathway, chemical damage occurs
through various mechanisms, including the generation of re-
active oxygen species and oxygen-dependent toxicity (1,2,4).
Generation of free radicals results in lipid peroxidation and
damage to tissues. The prognosis for solar retinopathy is
generally positive, with most cases experiencing full recov-
ery. Nonetheless, a notable proportion of patients may en-
counter persistent consequences, such as diminished visual
acuity (VA) and lifelong central/paracentral scotomas. De-
spite the subjective improvement observed, there are irre-
versible changes in the external retina that can be demon-
strated through retinal imaging in the majority of cases (2,5).
Optical coherence tomography (OCT) has emerged as
a cornerstone in the diagnosis of various retinal disorders
including solar retinopathy, offering high-resolution cross-
sectional images that reveal alterations in the retinal layers
and the RPE. This modality is very useful in detecting subtle
retinal changes in solar retinopathy (6,7). OCT imaging stud-
ies mostly report defects in the outer retinal layers, mostly
in photoreceptor and RPE cells (8,9). The abnormalities ob-
served in the ellipsoid zone (EZ) and interdigitation zone
(IZ) are occasionally referred to as outer retinal holes or
defects (5,9). The studies reported a discrepancy between
OCT findings and VA in patients with solar retinopathy, and
the features detected through OCT demonstrated only a
limited correlation with VA (5,9). OCT angiography (OCTA)
is a valuable non-invasive imaging technique for identifying
vascular abnormalities in retinal diseases, offering detailed
insights into the retinal vasculature. There is a limited body
of research on OCTA findings in patients with solar retinopa-
thy (10). This study aims to present the OCT and OCTA
findings in patients with solar retinopathy and explore the
relationship between OCT and OCTA parameters and VA.

Methods

This cross-sectional study was conducted at the Ophthal-
mology Department of Nigde Omer Halisdemir University
Training and Research Hospital. The study was conducted
in alignment with the principles set forth in the Declaration
of Helsinki. The Non-Interventional Clinical Research Ethics
Committee of Nigde Omer Halisdemir University granted
approval for the research (No: 2023/84). Comprehensive
details regarding the procedures were communicated to all
participants or their parents/legal representatives, and in-
formed consent was obtained through written documenta-
tion as well as verbal communication.

The clinical identification of solar retinopathy was based
on a patient’s reported history of direct sunlight exposure

during eclipse without eye protection, coupled with the sub-
sequent onset of symptoms like a scotoma in the visual field
or a discernible decline in VA. The diagnostic confirmation
involved the utilization of OCT to visualize the presence of
outer retinal damage in the affected eyes. Individuals with
pre-existing retinal conditions or a history of retinal surgeries
were excluded from the study. All participants underwent a
comprehensive ophthalmologic assessment, encompassing
the evaluation of best-corrected VA, biomicroscopic exami-
nation of the anterior segment, measurement of intraocular
pressure, and examination of the fundus. For retinal imaging,
color fundus photography was performed using TRC-50DX
retinal camera (Topcon Corporation, Tokyo, Japan). OCT
and OCTA imaging were performed using Triton™ DRI
swept-source OCT (Topcon Corporation, Tokyo, Japan).

Analysis of OCT and OCTA Images

For OCT imaging, a radial macular scan was conducted us-
ing a 1,024 x |2 scan protocol, incorporating 12 radial scan
lines centered on the fovea. Each of these lines comprised
1,024 A-scans, each with a length of 6 mm. IMAGEnet 6
software (Topcon Medical Systems, Inc.) was used for analy-
sis. The software can produce thickness maps based on the
conventional early treatment diabetic retinopathy study grid.
This grid comprises inner and outer rings with diameters of
-3 mm and 3-6 mm, respectively, producing nine sectors
that include inner and outer sectors for each of the tempo-
ral, superior, inferior, and nasal regions, along with a central
sector. Macular and choroidal thickness values were derived
from the measurements obtained in the central sector of
the thickness maps. The thickness of outer retinal defects
(vertical depth) and the thickness of the RPE-Bruch mem-
brane were also measured from OCT scans passing through
the fovea. The OCT device’s internal software measurement
tool was used for these measurements.

Patients underwent OCTA imaging with a volume scan
pattern of 3 mm %X 3 mm, centered on the fovea. Automated
segmentation of the device was employed to delineate spe-
cific retinal and choroidal layers, including the superficial cap-
illary plexus (SCP) (from the internal limiting membrane to
I5.6 pm below the junction between the inner plexiform and
inner nuclear layers, IPL/INL), the deep plexus (from 15.6
pm below IPL/INL to 70.2 pm below IPL/INL), the outer
retina (extending from 70.2 um below IPL/INL to the Bruch
membrane, BM), and the choriocapillaris (from BM to 20.8
pm below BM). The SCP and deep capillary plexus (DCP)
slabs of each eye were analyzed using open-access software
Image)/Fiji (I1). The area of the foveal avascular zone (FAZ)
was manually measured in square millimeters for the super-
ficial (SCP) and DCP using the freehand tool in Image]. This
involved connecting points along the edge of the capillary
network in the foveal area. The vascular density (VD) of the
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SCP was automatically measured using IMAGEnet 6 soft-
ware (Topcon Medical Systems, Inc.). The software gener-
ates a VD map featuring a central region enclosed by a | mm
diameter circle, surrounded by a ring with diameters of | to
2.5 mm. For our analysis, we focused on the vessel density
within the central area. Vessel density values were deter-
mined as the ratio of the angiography signal to the total area
in this specified region.

Structural en face OCT images of the outer retina were
examined and the area of the hyporeflectivity seen in the
outer retina was measured using OCT device’s internal soft-
ware measure tool.

Statistical Analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences version 20.0 (IBM Corpo-
ration, Armonk, NY). Descriptive statistics for quantitative
data were expressed as meanststandard deviations, and
qualitative data were presented as percentages. Spearman’s
correlation analysis was employed to evaluate the associa-
tion between VA and the measured parameters obtained
from OCT and OCTA. Statistical significance was defined
as p<0.05.

Results

Individuals with a prior experience of observing the partial
solar eclipse on October 25, 2022, and subsequently report-
ing issues such as scotoma in the visual field or reduced VA
were subjected to evaluation upon presenting to the oph-
thalmology department. The study comprised 14 eyes from
I'l patients (7 males and 4 females), who had examination
and imaging results consistent with solar retinopathy. The
average age of the study participants was 30.4+16.2 years,
with a range from 13 to 55 years. The mean duration from

solar exposure to presentation was 60.8+35.5 days, ranging
from 21 to 135 days. Three cases exhibited bilateral solar
retinopathy, while in 8 cases, unilateral solar retinopathy was
present. The anterior segment examination revealed nor-
mal findings in all eyes. Fundus examination disclosed the
absence of foveal reflex in four eyes, while the remaining
eyes exhibited no abnormalities. The VA in the || affected
eyes varied between 20/80 and 20/20, with five eyes having a
Snellen VA of 20/20.

All eyes exhibited a focal outer retinal defect on B-scan
SS-OCT, characterized by the absence of the EZ and inter-
digitation zone in the fovea (Fig. I). The external limiting
membrane anterior to the lesion displayed mild hyperreflec-
tivity. There were no abnormalities detected in the inner
retinal structures within the fovea. The mean vertical depth
of the outer retinal defect was 54.2+8.5 um, with a range ex-
tending from 33 to 65.0 pm, and the mean thickness of the
RPE-Bruch membrane was 37.4+5.4 um ranging from 26.0 to
49.0 pm (Fig. 2). In en face structural OCT, a focal defect in
the outer retina was present in all affected eyes. The shape
of this defect differed among the eyes affected. The mean
area of the defect was 13.14+6.24 pm? ranging from 3.51 to
22.59 pm? (Fig. 3). The mean central macular thickness was
219.9£17.48 pm and the mean central choroidal thickness
was 329.4+£74.0 um.

The OCTA results indicated a typical normal vascular
pattern in the retinal layers. The superficial and deep cap-
illary plexi showed no signs of non-perfusion or dilatation,
and there were no observed flow deficits corresponding to
the outer retinal defects in the choriocapillaris (Fig. 4). The
mean superficial FAZ area was 0.341+0.137 mm? and the
mean deep FAZ area was 0.437+0.136 mm? The mean vessel
density in the central fovea for the superficial retinal layer
was 18.3+6.1%.

Figure |. Optical coherence tomography image of a patient showing a focal outer retinal defect (black

arrow) and mild hyperreflectivity of the external limiting membrane anterior to the defect (white arrow).
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Figure 2. This optical coherence tomography image illustrates the measurement of the vertical depth

of the outer retinal defect and the thickness of the retinal pigment epithelium-Bruch membrane under

the defect.

Figure 3. En face structural optical coherence tomography of a patient showing a focal defect in the

outer retina accompanied by measurement of the defect area.

Spearman’s correlation analysis was performed to as-
sess the relationship between VA (logMAR) and the mea-
sured parameters from OCT and OCTA (Table I). The
results revealed a significant moderate positive correla-
tion between VA and RPE-Bruch membrane thickness (rs
[12] = 0.57, p=0.032). However, no significant relationship
was observed between VA and the other evaluated pa-
rameters.

Discussion

In this study, we presented the clinical and structural findings
observed in a group of individuals with solar maculopathy.
Outer retinal defects were observed in all affected eyes, as
indicated by both B-scan and en face OCT. The defects in-
cluded the EZ and interdigitation zone in the outer retina.
Previous studies (5,12,13) also reported that the outer reti-
nal layers were mostly affected by solar retinopathy. Mild
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c) Outer retina d) Choriocapillaris

Figure 4. En face optical coherence tomography angiography images of a patient showing a typical nor-

mal vascular pattern in the retinal layers. Superficial capillary plexus (a), deep capillary plexus (b), outer

retina (c), choriocapillaris (d).

Table |. Spearman rank correlations for visual acuity and OCT-

OCTA parameters

OCT and OCTA parameters Correlation p
coefficient

Central macular thickness (um) -0.23 0.427
Central choroidal thickness (um) -0.25 0.382
Outer retinal defect thickness (um) -0.19 0.518
RPE-Bruch membrane thickness (um) 0.57 0.032
Defect area on en face OCT (um?) 0.03 0.925
OCTA FAZ area (SCP) (mm?) 0.31 0.283
OCTA FAZ area (DCP) (mm?) 0.28 0.334
Vessel density in the central fovea -0.33 0.257

RPE: Retinal pigment epithelium; FAZ: Foveal avascular zone; SCP: Superficial

capillary plexus; DCP: Deep capillary plexus; OCT: Optical coherence
tomography; OCTA: Optical coherence tomography angiography.

hyperreflectivity of the external limiting membrane was also
present in the affected eyes in our study. This finding was also
reported by Chen et al. (14) We did not observe changes in
the inner retinal layers in the current study. While certain
studies did not detect inner retinal injury, others reported
damage to the inner retinal layer at a lower rate in cases of
solar retinopathy (5,6). Damage to the inner retinal layers
was also proposed as a risk factor for poorer VA in patients
with solar retinopathy (12).

We used en face structural OCT to identify and measure
the area of the outer retinal defect. The study eyes exhibited
hyporeflective outer retinal defects of varying sizes. Several
other studies, (8,15) primarily comprising case reports, sim-
ilarly described hyporeflective circular focal defects in the
outer retina in en face OCT images. En face OCT imaging
is suggested as a more effective imaging technique, given its
comprehensive coverage of the macular region, thereby min-
imizing the risk of overlooking macular lesions. It has the
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capability to confirm the existence of outer retina defects in
solar retinopathy, even in cases where the B-scan OCT scan
fails to traverse the foveal defect (I5). It was proposed as a
sensitive means to measure the extent of EZ loss, allowing
for longitudinal tracking (8). In a case study, Wu et al. (16)
described a circular zone of hyperreflectivity in the en face
OCT image of the outer retina, along with central hypore-
flectivity in a patient with acute solar retinopathy. In addition,
a corresponding change was noted in the choriocapillaris re-
gion, appearing as a hyporeflective area. These observations
were not evident in our case series. The disparity may stem
from the acute nature of their case, contrasting with our
series that comprised patients with a minimum of 3 weeks
since solar exposure.

OCTA imaging indicated a typical normal vascular pattern
in the retinal vascular layers, with no flow deficits corre-
sponding to the outer retinal defects observed in the chori-
ocapillaris layer in this study. There is limited research em-
ploying OCTA in individuals with solar retinopathy, and the
available studies predominantly consist of case reports ().
In a case of acute solar retinopathy, Wu et al., (16) reported
that OCTA images of the patient were normal. In a patient
with chronic solar retinopathy, Goduni et al. (8) observed
relatively symmetrical FAZs and slight vessel tortuosity using
OCTA, with the superficial and DCP appearing normal. In a
case of acute photic retinopathy induced by a laser pointer,
Tabatabaei et al., (17) noted that OCTA revealed a typical
vascular pattern in retinal layers but exhibited a distinct
low-signal area in the choriocapillaris layer. The difference in
OCTA findings between our findings and this laser-induced
maculopathy case may be due to lasers’ higher energy lev-
els, potentially causing thermal or disruptive damage. Solar
maculopathy, on the other hand primarily caused by photo-
chemical damage, involves cellular harm from reactive oxy-
gen species, with the local temperature increase insufficient
to induce thermal damage (1,18,19). The reports also indi-
cate that the damage induced by lasers is more severe and
thermal effects may extend beyond the RPE to involve the
choriocapillaris (20,21).

We calculated Spearman rank correlations to examine the
correlations between VA and OCT-OCTA parameters. In the
correlation analysis, the only parameter with a statistically sig-
nificant correlation with VA was the RPE-Bruch membrane
thickness under the outer retinal defect. No significant re-
lationships were observed between VA and the other evalu-
ated parameters. Some of the previous studies have reported
a correlation between VA and foveal thickness (6,22). Other
research has indicated that visual symptoms may not con-
sistently align with findings observed through OCT (9). In a
study involving patients with photic retinopathy caused by sun
gazing and welding, Kumar et al. (5) found a weak correlation

between the thickness and horizontal dimensions of the outer
retinal defect and VA. Their conclusion was that ultrastruc-
tural features assessed through OCT have limited correlation
with either initial or eventual VA. We also assessed central
macular thickness, central choroidal thickness, outer retinal
defect thickness, and defect area, finding no correlation with
VA. OCTA superficial and deep FAZ area and vascularity were
also not correlated with VA. Regarding RPE, it was suggested
that in cases of severe photochemical damage extending to
the RPE, the probability of recovery decreases, and a ten-
dency for progressive RPE remodeling may emerge (8). The
observed correlation between the thinning of the RPE-Bruch
membrane and reduced VA in our study suggests that it may
indicate more severe damage resulting from solar retinopathy,
leading to lower VA.

There are some limitations and strengths of the study.
First, the study involved a relatively small sample size, com-
prising 14 eyes from || patients. A larger cohort might en-
hance the generalizability of the findings and provide a more
comprehensive understanding of solar retinopathy but it is
crucial to note that solar retinopathy is relatively rare, mak-
ing it challenging to gather a larger cohort. Second, the study
design is cross-sectional, limiting the ability to establish cau-
sation or explore changes over time. Longitudinal studies
would be valuable in tracking the progression or resolution
of structural changes. Another limitation of our study is that
FAZ measurements for both the superficial and deep capil-
lary plexuses were performed manually using the freehand
tool in Image]. Although automated methods are available,
we chose manual measurement to ensure greater control
over FAZ boundary delineation and to overcome potential
segmentation artifacts. Nevertheless, manual tracing may
introduce observer-dependent variability. In addition, the
vertical measurement of outer retinal defect thickness en-
compassed multiple microstructural components — such as
the EZ, interdigitation zone, myoid zone, and photoreceptor
outer segments — which may limit the ability to interpret the
specific contribution of each individual layer. The strengths
of the study include the comprehensive approach used in the
study, combining clinical examination with OCT and OCTA
to provide a thorough evaluation of solar maculopathy. In
addition, our study focused exclusively on solar retinopathy
cases, excluding other causes of photic retinopathy, which
adds specificity to our research.

Conclusion

In conclusion, our study assesses clinical and structural find-
ings in solar maculopathy, revealing consistent outer retinal
defects, especially in the ellipsoid and interdigitation zones.
En face structural OCT proves valuable for precise evalu-
ation, offering advantages over traditional B-scan OCT ca-
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pabilities. OCTA showed a normal vascular pattern with
no choriocapillaris flow deficit corresponding to the outer
retina defects. The correlation analysis indicates a significant
link between VA and RPE-Bruch membrane thickness under
the outer retinal defect, suggesting its potential as an indi-
cator of severity. At present, no proven treatment exists,
making prevention of solar retinopathy the most effective
strategy. Further research is needed to understand long-
term effects and refine diagnostic and management strate-
gies for solar retinopathy.
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Abstract

Objectives: This study aimed to evaluate the outcomes of laser hyaloidotomy (LH) in treating premacular hemorrhage
(PMH) and identify factors influencing treatment success.

Methods: In this retrospective cohort study, patients with PMH of any etiology treated with LH were included. Patient
demographics and PMH characteristics were documented. Treatment efficacy was assessed based on successful hyaloid
puncture, blood drainage into the vitreous cavity, and the need for pars plana vitrectomy (PPV).

Results: A total of 56 eyes from 51 patients (36 males, |5 females; mean age: 46.32+15.07 years) underwent LH for PMH
(all cases had subhyaloid hemorrhage). The median symptom duration was two days (range: 0-30 days). The mean time in-
terval between advising and performing LH was 4.92+12.82 days. Pretreatment visual acuity ranged from counting fingers
to 6/36. LH was successful in 14 eyes (25%), while 42 eyes (75%) failed, primarily due to non-drainage of PMH (32 eyes,
76%) or persistent vitreous hemorrhage (10 eyes, 24%). PMH secondary to proliferative diseases universally requires PPV.
PMH located within the retinal arcades or closer to the presumed fovea was more likely to necessitate PPV (p=0.001).
Conclusion: LH demonstrated limited efficacy, particularly in PMH associated with proliferative diseases or in those
confined within the inferior retinal arcade. These cases frequently required early PPV. Incorporating vitrectomy into the

initial treatment strategy may optimize outcomes for specific PMH subgroups.
Keywords: Hyaloidotomy, laser; outcomes, premacular hemorrhage, vitrectomy

Introduction

Premacular hemorrhage (PMH) causes profound vision loss
and is defined as blood accumulation beneath the posterior
hyaloid (subhyaloid) space or beneath the internal limiting
membrane (ILM) (sub-ILM) space in the macular region, in-
cluding the fovea (1,2). It can be caused by several factors, in-
cluding proliferative retinal vascular diseases such as prolifer-
ative diabetic retinopathy and retinal vein occlusions, as well

as non-proliferative retinal or choroidal vascular diseases
such as rupture of retinal artery macroaneurysm and poly-
poidal choroidal vasculopathy, arteriovenous communication
of the retina, and blood dyscrasias (3-5). Non-vascular disor-
ders that cause premacular bleed include trauma, laser in situ
keratomileusis, Valsalva, Terson’s syndrome, and Purtscher’s
retinopathy (6-10). The distinction between subhyaloid hem-
orrhage (SHH) and sub-ILM hemorrhage is crucial in clinical
practice, as these entities differ in both clinical presentation
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and optical coherence tomography characteristics. Recogniz-
ing these differences is essential, as the underlying etiologies
and management strategies vary significantly between the
two conditions (I 1).

Various treatment modalities for PMH have been described,
with the primary goal of clearing the hemorrhage from the
foveal region and improving visual acuity. Observation, laser
hyaloidotomy (LH), pneumatic displacement of hemorrhage
by intravitreal injection of gas and tissue plasminogen activa-
tor, and pars plana vitrectomy (PPV) are some of the proce-
dures currently available (12-14). When planning treatment
for a PMH, several factors are usually taken into consideration.
These include the patient’s presenting visual acuity, the level of
the PMH (sub-hyaloid or sub-ILM), obscuration of the fovea,
the cause of the hemorrhage (proliferative or non-prolifera-
tive), the extent of the hemorrhage (> or <3DD), the height of
the hemorrhage, and finally, the patient’s single-eyed status (3-
5). Though spontaneous resolution of the PMH is possible in
most cases, it can take several weeks or months depending on
the dimensions and total volume of blood present, which can
be incapacitating to the patient when it occurs bilaterally or
in single-eyed patients. Furthermore, prolonged contact with
hemoglobin and iron may result in poor visual outcomes due
to pigmentary macular changes or the formation of epiretinal
membranes, as well as toxic damage to the retina (13). As a
result, observation as a form of treatment is usually reserved
for cases with a small amount of blood (<3DD) or pure sub-
ILM bleed (I5). Active non-surgical interventions such as LH
or pneumatic displacement with gas injection are planned to
rapidly clear or displace preretinal blood from the foveal re-
gion, prevent secondary retinal damage due to the presence
of long-standing blood, improve visual acuity, and eliminate the
need for PPV. There are numerous papers in the literature
(anecdotal case reports and case series) that discuss the utility
and outcomes of neodymium-doped yttrium aluminum garnet
LH for various etiologies (3-5,14). These studies, however, do
not give readers specific guidelines on when to consider LH or
other treatment options for the initial management of PMH.

In this study, we will review our series of PMH cases
treated with LH and identify the key factors that may influ-
ence the outcome of this treatment modality.

Methods

Patients above |8 years, with recently diagnosed (<I-month
duration) PMH and without significant vitreous hemorrhage
of any etiology, attending the retina clinic of a tertiary eye
care hospital in South India between June 2017 and May
2024 were included in this retrospective cohort study. The
study was conducted as per the Declaration of Helsinki, and
all the necessary details related to the study were supplied
to the Institutional Review Board and Ethics committee of

Narayana Nethralaya (EC Ref. No: C/2019/03/04). Age, gen-
der, etiology, interval between symptoms and presentation
to retina clinic, and interval between presentation and active
intervention, pre- and post-treatment visual acuity, need and
reason for surgical intervention, and total follow-up duration
were all recorded. Optical coherence tomography imaging
was performed in all cases to determine the predominant
location of the PMH (subhyaloid or sub-ILM), and fundus flu-
orescence angiography was used as needed. Only eyes that
showed blood confined to the subhyaloid space—with typical
convex dome-shaped elevation, and absence of ILM draping
or cleavage lines suggestive of sub-ILM localization—were in-
cluded in the LH group. The dimensions of the hemorrhage
were measured on the color fundus photographs obtained
on the Optos® Daytona machine (UK) using the device’s
in-built calipers. The horizontal and vertical dimensions of
the hemorrhage, as well as the vertical distance from the
presumed foveal center to the inferior-most boundary of the
hemorrhage were noted.

The treating retina specialist presented the patient with
three management options for PMH: observation, LH, and
primary PPV. Observation was preferred for: (A) eyes with
hemorrhages <3-disc diameters not involving the fovea; (B)
elderly or monocular patients with guarded visual prognosis
or unfit for laser, and (C) patient refusal of laser interven-
tion. Primary PPV was considered for: (A) patients with large
dense hemorrhage (>6-disc diameters) obscuring the fovea
and located in eyes with known proliferative retinopathy or
associated traction and (B) patient preference for quicker
visual recovery. The potential risks, expected outcomes, and
subsequent steps were thoroughly discussed with the pa-
tient. Informed consent was obtained from all patients un-
dergoing LH and PPV.

For LH, a Q-switched Nd: YAG laser (Ellex Super Q,
Ellex, USA) was utilized, emitting a single laser burst through
a well-dilated pupil via a slit-lamp delivery system. A Gold-
mann three-mirror contact lens (Volk) was employed to pre-
cisely focus the laser energy on the posterior hyaloid mem-
brane. The perforation was strategically created near the
inferior and most dependent edge of the PMH while avoiding
retinal blood vessels and the fovea. Initial laser energy was
set at 2 m) and was incrementally increased by | mj, up to
a maximum of 10 mJ, as needed. The number of laser spots
applied varied from one to five, depending on the response,
to ensure effective perforation of the hyaloid and facilitate
blood drainage into the vitreous cavity.

The LH procedure was initially performed by a senior
vitreoretinal fellow (218 months of experience) and, in cases
of unsuccessful attempts, was subsequently re-attempted by
the attending faculty. Treatment success after LH was de-
fined as successful drainage of blood from the premacular
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space into the vitreous, with no subsequent requirement for
PPV. The procedure was deemed unsuccessful if a posterior
hyaloid puncture could not be created despite multiple at-
tempts or if blood failed to drain into the vitreous cavity
following a successful puncture.

PPV was performed as a primary intervention in select
cases of PMH or as a secondary procedure following LH fail-
ure. Secondary PPV was considered after a minimum of 4
weeks of follow-up post-LH, if there was: (A) Persistent non-
clearing vitreous hemorrhage; (B) recurrent hemorrhage,
and (C) failure of blood drainage into the vitreous.

The time interval between LH and subsequent PPV, when
required, was also documented.

Statistical Analysis

All data were analyzed using GraphPad Prism version 9.4.1
(681) for Windows, GraphPad Software, San Diego, Cali-
fornia, USA, www.graphpad.com. The Kolmogorov-Smirnov
normality test showed the data sets to be of the non-para-
metric variety, and hence only non-parametric statistical
tests were used in this study. Quantitative variables between
the 2 groups were analyzed using the Mann—Whitney U test,
and Chi-square test was used to compare the categorical
data between the 2 groups. P<0.05 were considered statis-
tically significant.

Results

For this study, 84 eyes of 78 patients presenting with PMH
were included. Six patients had bilateral PMH. There were
56 (72%) males and 22 (28%) females in the study. The av-
erage age of the patients was 43.68+14.08 years. Mean du-
ration of symptoms was 13.06+6.05 days. Causes of PMH at
presentation are included in Table I.

In 24 (29%) eyes, the PMH was observed at presentation.
54 (64%) eyes underwent LH, and 6 (7%) eyes underwent
PPV at the initial presentation. Eighteen of the 24 (75%) eyes
that were observed initially showed resolution of the PMH
over a period ranging from 2 to 5 months. In the remaining 6

Table |. Causes of premacular hemorrhage at presentation

Causes No. of eyes (n=84)
Proliferative diabetic retinopathy (n, %) 22 (26)
Valsalva retinopathy (n, %) 18 (21)
Trauma (n, %) 14 (17)
Branch retinal vein occlusion (n, %) I (13)
Ruptured retinal artery macroaneurysm (n, %) 8 (10)
Polypoidal choroidal vasculopathy (n, %) 5(6)

Blood dyscrasias (n, %) 5(6)

Terson’s syndrome (n, %)

1 (I

(25%) eyes, LH was attempted in 2 (33%) eyes, whereas PPV
was performed in 4 (67%) eyes for non-resolving PMH after
a median period of 3.25 weeks. In total, 56 eyes underwent
LH in the study. Analysis of these 56 eyes was performed
further in this study.

LH Group

This study included 56 eyes from 51 patients, with five pa-
tients presenting bilateral PMH. The etiologies of bilateral
PMH included proliferative diabetic retinopathy (n=3), trauma
(n=1), and Valsalva retinopathy (n=1). The cohort comprised
36 males (71%) and 15 females (29%), with a mean age of
46.32+15.07 years. The median duration of symptoms was
2 days (range: 0—30 days). The mean interval between rec-
ommending and performing LH was 4.92+12.82 days (range:
0-58 days). Pre-treatment visual acuity ranged from counting
fingers close to the face to 6/36. The mean vertical distance
between the presumed fovea and the inferior boundary of
the PMH was 5.211+2.63 mm. The mean maximum vertical
and horizontal diameters of the PMH were 10.645.171 mm
and 11.83%£6.504 mm, respectively. All eyes in this cohort
exhibited hemorrhage predominantly in the subhyaloid space
on optical coherence tomography, with no cases of sub-ILM
hemorrhage observed.

Outcomes of LH

There was no drainage of blood from the premacular space
in 32 of the 56 (57%) eyes that had LH. Ten (42%) of the
24 eyes where blood was successfully drained from the
premacular space into the vitreous required PPV later for
non-resolving vitreous hemorrhage. To summarize, 14 (25%)
eyes had treatment success after LH, while 42 (75%) eyes
had treatment failure. Following a successful LH, the visual
acuity ranged from 6/6 — 6/18. Table 2 provides information
and analysis of the factors based on whether or not blood
was successfully drained from the premacular space into the
vitreous cavity after LH. PMH >7 days duration encountered
more frequent treatment failures (p=0.001). The treatment
success did not differ significantly when LH was performed
in a young patient (<40 years) compared to an older patient
(>40 years). When all the proliferative and non-proliferative
causes of PMH were combined, and the treatment outcomes
were compared between the two groups, proliferative causes
of premacular bleeding failed to drain into the vitreous cavity
after LH (100% vs. 39%; p<0.001).

There was a requirement for performing PPV in 42 (75%)
of the 56 eyes that underwent LH. Ten (24%) eyes required
PPV for non-clearing vitreous hemorrhage, while the remain-
ing 32 (76%) eyes required PPV for failure to drain PMH into
the vitreous space and, in some cases, for the development
of additional tractional retinal detachment. PPV was required
in all cases of PMH caused by proliferative diseases. Table 3
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Table 2. Univariate analysis of factors associated with success or failure of drainage of blood into the vitreous cavity from the premacular

subhyaloid space after laser hyaloidotomy

Drainage success (n=24) (%) Drainage failure (n=32) (%) P

Duration of symptoms

<7 days 16 (67) 7 (22) 0.001

>7 days 8 (33) 25 (78)
Age

<40 years (n=30) Il (37) 19 (63) 0.565

>40 years (n=21) 10 (33) 11 (67)
Valsalva retinopathy (n=16) Il (69) 5@3I) 0.018
Proliferative diabetic retinopathy (n=10) 0 (0) 10 (100) 0.003
Trauma (n=11) 8 (63) 3(27) 0.041
Branch retinal vein occlusion (n=7) 0 (0) 7 (100) 0.016
Retinal artery macroaneurysm (n=6) 3 (50) 3 (50) >0.999
Blood dyscrasias (n=3) 2 (67) 1 (33) 0.571
Polypoidal choroidal vasculopathy (n=2) 0 (0) 2 (100) 0.501
Terson’s syndrome (n=1) 0 (0) I (100) >0.999
Non-proliferative causes (n=39) 24 (61) 15 (39) <0.001
Proliferative causes (n=17) 0 (0) 17 (100)

Table 3. Comparison of premacular dimensions between eyes that required PPV and eyes that did not require PPV after laser hyaloidotomy

Eyes where PPV not needed (n=14) Eyes where PPV needed (n=42) P
Vertical distance of the hemorrhage 9.465+4.632 4.165+1.287 0.001
from the presumed fovea to the
inferior-most boundary of the PMH (mm)
Maximum vertical dimension of 10.64+5.171 9.256+6.125 0.567
detached subhyaloid space (mm)
Maximum horizontal dimension of 12.07£7.125 11.45+6.981 0.725

detached subhyaloid space (mm)

mm: Millimetre; PPV: Pars plana vitrectomy; PMH: Premacular hemorrhage.

compares the pre-treatment dimensions of the premacular
SHH between those who required PPV and those who did
not after LH. Figure | demonstrates the case examples of
patients treated with LH for PMH and reasons for its failure,
while Figure 2 demonstrates the case examples of patients
successfully treated with LH, observation, and primary PPV
for PMH.

Complications after LH

Tractional retinal detachment occurred in 7 of 10 (70%) eyes
with proliferative diabetic retinopathy and 5 of 7 (71%) eyes
with branch retinal vein occlusion due to contraction of the
posterior hyaloid membrane and subsequent traction on the
fibrovascular membrane. PPV was used to treat these cases.

In cases where the PMH was successfully drained, no other
complications such as increased intraocular pressure, epireti-
nal membrane formation, retinal and choroidal hemorrhage,
macular hole, or retinal break formation were observed.

PPV Outcomes in Eyes Treated with LH

Out of a total of 84 eyes included in the study, 52 (62%) eyes
underwent PPV at some point during the course of treatment.
These included 42 (81%) eyes after failed LH, 6 (14%) eyes at
the initial presentation itself, and 4 (5%) eyes after an initial
period of observation. Thirty of the 42 (71%) eyes that re-
quired PPV after LH underwent surgery after a period ranging
from 2—4 months. The visual acuity of these patients by the
last follow-up visits improved to = 6/18 in 87% (n=26) eyes.
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Figure |. Reasons for treatment failure after laser hyaloidotomy (LH) for premacular subhyaloid hemorrhage (SHH) depicted with the help of
case illustrations: Row |: (a-c) Premacular SHH limited to the posterior pole within the retinal arcades demonstrated successful drainage of the
premacular blood into the vitreous cavity following LH requiring pars plana vitrectomy (PPV) for non-clearing vitreous hemorrhage. Row 2: (d-f)
After LH, premacular SHH caused by a non-proliferative superotemporal retinal artery macroaneurysm failed to drain blood into the vitreous
cavity. The failure in this case illustration was due to the inability of the laser to successfully puncture the posterior hyaloid membrane. Row 3:
(g-i) Treatment for a dense premacular bleed by LH brought on by proliferative diabetic retinopathy was unsuccessful because it was not possible
to puncture the retrohyaloid membrane. Later, PPV was performed on the patient to treat the premacular hemorrhage. Row 4: (j-1) Following
LH, premacular blood from Valsalva retinopathy with SHH restricted to the retinal arcades revealed insufficient drainage of the SHH.The patient
underwent PPV at the end and displayed improved visual acuity.

Discussion vealed five significant observations: (a) Better LH outcomes
o can be achieved if symptoms last for <| week; (b) patient’s
age has no bearing on the success of LH; (c) higher chances
from various causes and identified factors that can help a2 of treatment failure in eyes with PMH secondary to prolifer-
clinician predict success or failure after LH. The study re- ative diseases; (d) localized PMH confined within the retinal

This study examined the outcomes of LH in eyes with PMH
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Figure 2. Case illustrations depicting successful management of prem-
acular bleed following laser hyaloidotomy (LH), observation, and primary
pars plana vitrectomy (PPV): Row I: (a, b) Successful management of
dense premacular bleed secondary to Valsalva retinopathy treated with
yag-LH. Row 2: (¢, d) Complete resolution of premacular bleed, sparing
the foveal center in a patient with proliferative diabetic retinopathy with
no active management. Row 3: (e, f) Successful management of dense
premacular bleed secondary toValsalva retinopathy treated with primary
PPV. Patient achieved early visual rehabilitation following surgery.

arcades required more PPV after LH; and (e) improved visual
outcomes after PPV. According to the findings, non-invasive
LH has a limited role in the management of PMH in the cur-
rent era when compared to a safer microincision PPV.

Blood located in the subhyaloid space typically lacks clot-
ting factors (13). The presence of blood in this space pro-
duces a characteristic boat-shaped configuration due to the
red blood cell sedimentation in the most dependent inferior
portion of the detached posterior hyaloid (16). Conversely,
a PMH with blood located in the sub-ILM space remains con-
fined, limiting displacement and increasing the risk of direct
retinal damage by the laser itself. Therefore, these cases are
less amenable to laser treatment. The most common rea-
sons for the failure of PMH following LH include the sub-ILM
heme and clogging of the puncture site by sedimented red
blood cells (3-5,17).

On the other hand, vitreous hemorrhage differs from
SHH in several aspects, including rapid clot formation,

slower clot lysis, red blood cell hemolysis, prolonged persis-
tence of erythrocytes, and the absence of a polymorphonu-
clear response (18,19). The vitreous collagen matrix pro-
motes rapid clotting and impedes hemorrhage resolution
by preventing passive diffusion, delaying the inflammatory
cellular response. Consequently, hemolytic blood remains
in the vitreous cavity for an extended duration, leading to
compromised visual quality. Moreover, prolonged intraocu-
lar heme retention increases the risk of complications such
as proliferative vitreoretinopathy, ghost cell glaucoma, and
hemolytic glaucoma (18). Thus, despite successful drainage
of blood from the premacular space into the vitreous cav-
ity, the eye remains at an elevated risk of complications
and persistent visual impairment. Consequently, in cases of
PMH, active surgical intervention through PPV may facili-
tate faster visual recovery and reduce the risk of complica-
tions associated with long-standing, non-resolving vitreous
hemorrhage (20).

An important finding in this study was the absence of
disparity in LH outcomes between young and elderly eyes.
The outcomes are expected to differ significantly due to the
substantial variation in the clinical, histological, and ultra-
structural composition of the posterior hyaloid membrane,
which is dependent on the age of the patient (21).

One significant finding in the current study was the in-
ability of laser perforation of the posterior hyaloid mem-
brane in eyes with proliferative retinopathy, such as diabetic
retinopathy and retinal vein occlusion. Puncture of the pos-
terior hyaloid membrane, on the other hand, was successful
in eyes without proliferative diseases, such as trauma, Val-
salva retinopathy, and other non-proliferative causes. The
difference in the composition of the posterior hyaloid mem-
brane between these two groups of diseases could explain
this. Hyalocytes are sentinel macrophages that live in the
posterior vitreous cortex, just ahead of the ILM. Hyalocytes
contribute to increased cellular proliferation after abnormal
posterior vitreous detachment and vitreoschisis, which are
common in proliferative retinopathies, resulting in macular
pucker and fibrous/fibrovascular proliferations (22). In addi-
tion, in proliferative retinopathies, new vessels style on the
posterior (retinal) surface of the posterior hyaloid mem-
brane, causing changes in the posterior hyaloid membrane
itself (23,24). Furthermore, after LH in proliferative diseases,
the posterior hyaloid membrane may contract, causing in-
creased traction on the neovascular tissue and retina, lead-
ing to further bleeding, tractional retinal detachment, retinal
break formation, and combined retinal detachment (25). As
a result, it is prudent not to consider LH as a treatment
option in PMH caused by proliferative retinopathies due to
increased chances of drainage failure and increased risks of
post-laser complications.
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In our study, we assessed the vertical extent of the SHH—
measured from the presumed foveal center to its inferior
margin—as a surrogate for hemorrhage size and its potential
for spontaneous or facilitated clearance. Our findings sug-
gest that LH was more effective when the SHH extended
beyond the inferior retinal arcade, allowing the drained
blood to disperse into the larger inferior vitreous cavity.
Conversely, when the hemorrhage was confined to the mac-
ular region, particularly within the inferior retinal arcade,
the likelihood of requiring PPV remained high, even in cases
where LH technically succeeded in creating drainage. This
may be attributed to limited vitreous liquefaction and im-
paired clearance dynamics over the posterior pole, which
results in stagnation of the drained hemorrhage in the visual
axis. The persistent vitreous opacity continues to compro-
mise central vision, both in terms of acuity and subjective
visual quality.

Therefore, in cases where SHH is localized within the
macula and does not extend beyond the arcades, LH may
offer limited clinical benefit. In such scenarios, primary ob-
servation (for small, non-visually significant hemorrhages)
or early PPV (for visually disabling hemorrhages) may be
more appropriate strategies. This tailored approach may
help reduce treatment delays, avoid redundant interven-
tions, and improve both anatomical and functional out-
comes.

In the current study, PPV was used as the primary treat-
ment option for PMH in 7% of the eyes, whereas LH was
used in 64% of the eyes. Furthermore, 75% of the eyes
where LH was attempted required PPV to resolve the
PMH or non-resolving vitreous hemorrhage. All prolifer-
ative causes of PMH for which LH was initially attempted
were later treated with PPV. Furthermore, 87% of cases
improved in visual acuity (>6/18) following PPV in the study.
These findings highlight PPV’s high anatomical and func-
tional success rate in PMH management and suggest that
it be considered much earlier in the treatment algorithm,
despite being more invasive than LH. These findings are
supported by Ghali et al’s (26).

publication, which concluded that PPV was a beneficial
surgical treatment for PMH of various pathologies, ensuring
rapid visual recovery with no serious side effects.

The study has the advantage of evaluating the results of
a large number of patients treated with LH for PMH from a
single center. Furthermore, the study identified factors that
may influence treatment outcomes following LH. However,
the study is a retrospective one and does not include a head-
to-head comparison between observation, LH, and PPV for
PMH management in a prospective, randomized clinical trial
design.

Conclusion

This study provides a comprehensive analysis of key PMH
attributes that may be an important factor to consider when
managing PMH. Based on our findings, LH should be avoided
in eyes with PMH due to proliferative causes. PPV should be
included much earlier in the PMH treatment algorithm.
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Abstract

Objectives: Retinopathy of prematurity (ROP) is a multifactorial disease characterized by abnormal vascularization of the
immature retina. Although the most important risk factors are gestational age (GA) and birth weight (BW), the quality
of neonatal intensive care also affects its incidence. This study aimed to evaluate the incidence of ROP and the need for
treatment in infants screened for ROP according to the 2021 Turkish Prematurity Screening Guidelines for Retinopathy.
Methods: Records of premature babies screened for ROP at a single center between January 2021 and December 2024
were retrospectively evaluated. The results of the examinations, need for treatment, and hospital centers where prema-
ture infants were examined in accordance with the new guidelines were recorded.

Results: Between 2021 and 2024, 8,503 premature infants were screened for ROP at our clinic. A total of 1,623 infants
were diagnosed with ROP, and 147 were treated using either laser photocoagulation or intravitreal bevacizumab. The
number of babies with a BW over 1,700 g who were screened for ROP was 6,581; of these, 738 (11.21%) developed ROP,
and 28 babies (0.42%) were treated. The number of babies born at 234 weeks’ GA and who were screened for ROP was
4,029; of these, 173 (4.29%) developed ROP, and one baby (0.024%) was treated. Among the 1,623 patients diagnosed
with ROP, 147 were treated, and 1,476 had spontaneously regressed ROP.

Conclusion: Significant ROP requiring treatment may occur in infants born at >34 weeks of gestation and/or with a BW
21,700 g.

Keywords: Birth weight, gestational age, retinopathy of prematurity, screening guideline

Introduction

Retinopathy of prematurity (ROP) is a multifactorial pathol-
ogy characterized by abnormal vascularization of the imma-
ture retina and retinal vascular network of premature infants
(1). Higher rates of preterm births and limited resources in

underdeveloped and developing countries have increased
the incidence of this disease. ROP is a major cause of child-
hood blindness; therefore, timely screening and diagnosis of
premature infants are crucial for identifying those requiring
treatment (2,3).
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Advancements in assisted reproductive techniques and
perinatal care have increased the survival rates of premature
infants, thereby increasing the incidence of ROP (4). Although
low gestational age (GA) and birth weight (BW) are major risk
factors, the quality of neonatal intensive care units (NICUs)
greatly influences ROP occurrence (5). Universal criteria for
screening programs cannot be established because of varia-
tions in NICU standards among countries. Instead, guidelines
provide recommendations based on national conditions and
scientific data. Each country should develop screening guide-
lines tailored to its specific NICU standards. For example,
in low- to middle-income countries, such as India, screening
criteria (GA <34 weeks; BW <2,000 g) differ from those in
the United States (GA <30 weeks; BW <1,500 g) and the
United Kingdom (GA <3| weeks; BW <1,501 g) owing to
variations in perinatal and postnatal risk factors (6-8). In devel-
oped countries, ROP occurs primarily in preterm infants born
at <32 weeks of gestation; however, in developing countries, it
can also be observed in infants born at 234 weeks (9). There-
fore, it is crucial for each country to establish a screening pro-
tocol based on NICU standards. A retrospective analysis of
ROP cases plays a significant role in shaping these guidelines.

This study aimed to evaluate the incidence of ROP and
the need for treatment in infants according to the screening
criteria updated in the 2021 Turkish ROP Guidelines (TPRR)
(10). The study also compared treatment rates among dif-
ferent centers for infants diagnosed with ROP. The objective
was to determine the percentage of infants diagnosed with
and treated for ROP after the screening criteria were ex-
tended from GA < 32 weeks to GA <34 weeks and from
BW <1,500 g to BW <1,700 g in the 202| TPRR update. This
study highlights the significance of modifying screening cri-
teria to identify infants at risk of blindness because of ROP.

Methods

Premature infants evaluated in our ROP screening and treat-
ment center were included in this study. Medical records
of 8,503 premature infants who underwent ROP screening
between January 2021 and December 2024 were retro-
spectively reviewed. This study was approved by the Ethics
Committee of the Zeynep Kamil Maternity and Children’s
Disease Training and Research Hospital (Decision No: 91,
Date: December 25, 2024) and adhered to the principles of
the Declaration of Helsinki.

Infants included in the screening met the criteria of the 2021
TPRR update: GA <34 weeks and BW <1,700 g. In addition,
infants with GA 234 weeks or BW >1,700 g who received car-
diopulmonary support or were deemed at risk for ROP by their
primary pediatrician were included in the study. This study in-
cluded infants hospitalized in our NICU and those referred to
our hospital after follow-up in other NICUs. Infants who did

not complete screening examinations or had congenital corneal
and/or retinal abnormalities were excluded.

The GA and BW of all infants were recorded from the
patients’ files. The presence and type of treatment were also
recorded. The NICU stay at another center was also noted.
In this study, infants with type | ROP (Early Treatment for
ROP classification) were categorized into Group |, those
with aggressive ROP (A-ROP) (International Classification of
ROP, Third Edition) into Group 2, and those diagnosed with
ROP who did not receive treatment into Group 3.

As a standard, the initial screening examination was per-
formed at 4 weeks of age or corrected to 31 weeks of post-
menstrual age. Families were informed before the ROP ex-
amination. Pupils were dilated before examination using 2-3
drops of 2.5% phenylephrine and 0.5% tropicamide at 5-min
intervals. Topical proparacaine (0.5%) was applied before us-
ing the lid speculum. Indirect binocular ophthalmoscopy was
performed using 20- and 28-diopter lenses. Detailed retinal
examinations were performed with scleral indentation. The
presence of plus/preplus disease, retinal vascularization (zone),
disease stage, extent, and other findings were recorded for
each eye according to the “International Classification of ROP,
Third Edition” (I 1). Screening intervals and termination were
determined according to the 2021 TPRR update (10).

ROP was managed based on the Early Treatment for ROP
study (12). Intravitreal bevacizumab (IVB) injections (Altuzan
100 mg/4 mL vial, E Hoffmann-La Roche Ltd., Kaiseraugst,
Switzerland) and/or laser photocoagulation (LFC) were ad-
ministered for A-ROP and type | ROP requiring treatment.
The parents were informed orally and in writing, and con-
sent forms were signed before treatment.

Statistical Analysis

All analyses were conducted using Statistical Package for the
Social Sciences (SPSS) version 26.0 (SPSS, Chicago, IL, USA).
Normal distribution was evaluated using the Shapiro-Wilk
test. Descriptive statistics for normally distributed quanti-
tative data are expressed as meantstandard deviation. For
nonparametric data, the median and interquartile ranges
were used. Categorical variables (including sex) were com-
pared using Pearson’s Chi-squared or Fisher’s exact test.
Continuous variables (such as age and BW) were analyzed
using the two-sample t-test or Mann-Whitney U-test. Cor-
relations between parameters were assessed using Spear-
man’s rank correlation analysis.

Results

A total of 8,503 premature infants were screened for ROP
between January 2021 and October 2024. Among these,
1,623 infants were diagnosed with ROP and 147 were
treated with either LFC or IVB. The characteristics of each
group are presented in Table |.
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Figure I. A salmon-colored, elevated lesion involving the entire inferior fornix conjunctiva and ex-

tending to the bulbar conjunctiva.

colored conjunctival mass lesion involving the entire lower
fornix conjunctiva and extending to the bulbar conjunctiva
on the left side, with indistinct borders and minimal sur-
rounding hyperemia (Fig. 1). The other anterior segment
and fundus examinations, as well as ocular movements,
were normal bilaterally. Orbital magnetic resonance im-
aging showed no signs of orbital involvement. Due to its
salmon color and rubbery consistency, an incisional biopsy
was planned with a preliminary diagnosis of lymphopro-
liferative disease. The visible portion of the lesion along
the lower fornix was excised, and the area was primarily
closed. Histopathological evaluation revealed widespread
and dense eosinophilic material throughout the stroma
and vessel walls beneath the epithelium. An immunohis-
tochemical study showed diffuse staining with Congo red,
confirming a diagnosis of amyloidosis (Fig. 2). Figure 3 also
demonstrates staining with Congo red with apple green bi-
refringence. The patient was referred to the internal medi-
cine clinic to investigate systemic involvement. Complete
blood count (CBC), serum electrophoresis, 3-2 microglob-

ulin level, 24-h urine protein level, kidney and liver function
tests, echocardiography, and abdominal ultrasonography
were all normal, leading to a diagnosis of primary localized
conjunctival amyloidosis. At the 4-month post-operative
follow-up, there was no adhesion in the fornix, and the
cosmetic appearance was satisfactory (Fig. 4). During the
I 8-month follow-up, no recurrence was observed. Written
informed consent of the patient was taken for the publica-
tion of his clinical findings.

Discussion

Amyloidosis is a clinical condition characterized by the
extracellular accumulation of a pathological protein mate-
rial called amyloid. This material consists of amorphous,
insoluble, misfolded fibrils with a beta-sheet structure and
can accumulate in various tissues and organs. Depending
on the extent of involvement, amyloidosis is classified as
either systemic or localized. Based on the underlying eti-
ology, it is further classified as either primary or second-

ary (2).
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Figure 3. Congo red staining with apple green birefringence.
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Figure 4. 4" month follow-up after surgery.

Localized conjunctival amyloidosis is a very rare form of
the disease that can be either primary or secondary. Most
commonly, conjunctival amyloidosis presents as primary lo-
calized, typically unilateral, and rarely shows systemic involve-
ment. Secondary localized amyloidosis can develop due to
chronic inflammation or as part of systemic conditions such
as multiple myeloma, rheumatoid arthritis, leprosy, and familial
Mediterranean fever. It is characterized by the accumulation
of immunoglobulin-related protein (light chain amyloid) in the
conjunctiva (1,3,4). Conjunctival amyloidosis generally occurs
in middle-aged adults and shows no significant gender differ-
ence (2). The most common sites are the fornices (upper >
lower) and the tarsal conjunctiva (5). Patients may present
with conjunctival masses, pterygium-like lesions, or subcon-
junctival hemorrhage (1,3). Other ophthalmological involve-
ments include the eyelid and orbit. These patients may pres-
ent with blepharoptosis, entropion, eyelid masses, periorbital
ecchymosis, periorbital edema, lacrimal gland involvement, ex-

traocular muscle involvement, and proptosis (2). In this case,
because the lesion exhibited a classic appearance suggestive
of lymphoma, primary localized conjunctival amyloidosis was
not initially considered due to its extreme rarity. The deci-
sion to perform a biopsy was primarily driven by the lesion’s
rapid development and characteristic “salmon patch” mor-
phology. This case report highlights that, despite its uncom-
mon occurrence, conjunctival amyloidosis can clinically mimic
malignant lesions such as lymphoma, thereby posing a diag-
nostic challenge. Spitellie et al. (6) suspected lymphoprolifera-
tive disease in a 39-year-old female patient due to a painless,
salmon-colored mass located under the left upper eyelid and
involving the anterior orbit. The histopathological diagnosis
was consistent with amyloidosis, and no systemic involvement
was observed. In our case, only the lower fornix was involved
with no orbital involvement. The lesion exhibited a salmon-
colored appearance suggestive of lymphoproliferative disease.
Since the lesion developed over a short period of 6 months,
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orbital involvement may not yet have been observed. Cases
where localized amyloidosis progresses to systemic disease
have been reported, so this possibility should be kept in mind
when monitoring a patient presumed to have localized amyloi-
dosis (6). No systemic involvement was observed during the
I8-month follow-up of our patient. In addition, Marsh et al.
(7) reported a case of a 62-year-old patient diagnosed with lo-
calized conjunctival amyloidosis who subsequently developed
extranodal lymphoma during follow-up. Therefore, long-term
follow-up of these patients is crucial.

Histopathological evaluation is essential for diagnosis. He-
matoxylin-eosin-stained sections show nodular accumulations
of amorphous, homogeneous eosinophilic deposits in the
substantia propria. Staining with Congo red reveals brick-red
coloring, and under polarized light, amyloid deposits exhibit
apple-green birefringence (8,9). Setoguchi et al. (10) detected
low-grade B-cell lymphoma along with amyloid accumulation
in the histopathological evaluation of a conjunctival lesion af-
fecting the upper and lower eyelid fornices. They interpreted
this as lymphoma cells transforming into plasma cells that pro-
duce amyloidogenic immunoglobulin light lambda chains.

Systemic evaluation of patients diagnosed with conjunc-
tival amyloidosis is important. A comprehensive systemic
evaluation at diagnosis should include CBC, serum protein
electrophoresis with immunofixation, -2 microglobulin level
measurement, 24-h urine protein analysis, kidney and liver
function tests, serum free light chain assay, abdominal ultra-
sonography, and echocardiography to thoroughly assess po-
tential cardiac involvement. If clinically indicated, additional
investigations such as bone marrow biopsy or PET-CT may be
performed to exclude systemic or hematologic disorders (7).

Treatment options for adnexal and orbital amyloidosis
include monitoring, excision, ocular surface reconstruction
with amniotic membrane, cryotherapy, and even radiother-
apy (3,9,11). Different treatment approaches can be applied
depending on the location of the involvement, the presence
of functional defects, and cosmetic expectations. In our case,
the entire visible lesion was excised during the incisional bi-
opsy stage. The ease of closing the conjunctiva in the fornix
area allowed for ocular surface reconstruction without the
need for an amniotic membrane. Follow-up examinations
showed no recurrence or complications requiring interven-
tion, such as symblepharon.

Ophthalmologic follow-up should include systematic slit-
lamp examinations of the conjunctiva and fornices, detailed
documentation, and sequential photography of any residual
or newly developed conjunctival lesions. Evaluation should
also address potential complications such as symblepharon
or amyloid recurrence, along with assessment of intraocular
pressure and posterior segment status to rule out secondary
ocular involvement.

Importantly, conjunctival involvement may be the first
clinical manifestation of systemic amyloidosis, with the
ophthalmologist often being the first physician to recognize
the disease. Therefore, ophthalmologists play a crucial role
in initiating the diagnostic workup for this potentially sys-
temic condition. All conjunctival lesions — especially those
that mimic malignant processes or persist despite treat-
ment — should be thoroughly evaluated with a high index
of suspicion.

Conclusion

Conjunctival amyloidosis can present with various clinical
features. Although rare, it should be considered in the dif-
ferential diagnosis of all benign and malignant lesions of the
conjunctiva. Since conjunctival involvement can occasionally
be the first clue to a systemic amyloid disease, ophthalmolo-
gists have a vital role in early diagnosis. All diagnosed patients
should be evaluated for systemic involvement or accompany-
ing lymphoproliferative diseases and followed long-term.
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