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The Turkish Journal of Ophthalmology (TJO) is the only scientific periodical
publication of the Turkish Ophthalmological Association and has been
published since January 1929. In its early years, the journal was published
in Turkish and French. Although there were temporary inferruptions in the
publication of the journal due to various challenges, the Turkish Journal of
Ophthalmology has been published continually from 1971 to the present.

The Turkish Journal of Ophthalmology is currently published in Turkish and
English languages. TJO is an independent international periodical journal
based on single-blind peerreview principle. TIO is regularly published six
times a year and special issues are occasionally released. The aim of TJO
is to publish original research papers of the highest scientific and clinical
value at an international level. Furthermore, review articles, case reports,
editorial comments, letters to the editor, educational contributions and
congress/meeting announcements are released.

The target audience includes specialists and physicians in training in
ophthalmology in all relevant disciplines.

The editorial policies are based on the “Recommendations for the Conduct,
Reporting, Editing, and Publication of Scholarly Work in Medical Journals
(ICMJE Recommendations)” by the International Committee of Medical
Journal Editors (2013, archived at http://www.icmje.org/) rules.

The Turkish Journal of Ophthalmology is indexed in the PubMed/MEDLINE,
PubMed Central (PMC), Web of Science-Emerging Sources Citation
Index (ESCI), Scopus, TUBITAK/ULAKBIM, Directory of Open
Access Journals (DOAJ), EBSCO Database, CINAHL, Proquest,
Embase, British Library, Index Copernicus, J-Gate, IdealOnline,
Turk Medline, Hinari, GOALI, ARDI, OARE and Turkish Citation
Index.

Open Access Policy

This journal provides immediate open access to its content on the principle
that making research freely available to the public supports a greater
global exchange of knowledge.

Open Access Policy is based on the rules of the Budapest Open Access
Initiative (BOAI) http://www.budapestopenaccessinitiative.org/. By “open
access” to peerreviewed research literature, we mean its free availability
on the public internet, permitting any users to read, download, copy,
distribute, print, search, or link to the full texts of these articles, crawl
them for indexing, pass them as data to software, or use them for any
other lawful purpose, without financial, legal, or technical barriers other
than those inseparable from gaining access to the internet itself. The only
constraint on reproduction and distribution, and the only role for copyright
in this domain, should be to give authors control over the integrity of their
work and the right to be properly acknowledged and cited.
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TJO is sent free of charge to subscribers. Address changes should be
immediately reported to the affiliates and to the managing editor. Subscribers
who do not receive the journal in the relevant time period should contact
the managing editor. All published volumes in full text can be reached free
of charge through the website www.oftalmoloji.org. Requests for subscription
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The Turkish Journal of Ophthalmology is an official peer-
reviewed publication of the Turkish Ophthalmological
Association. Accepted manuscripts are printed in Turkish
and published online in both Turkish and English languages.
Manuscripts written in Turkish should be in accordance with
the Turkish Dictionary and Writing Guide (“Tirkge Sozliigi
ve Yazim Kilavuzu”) of the Turkish Language Association.
Turkish forms of ophthalmology-related terms should be
checked in the TODNET Dictionary (“TODNET Sézligu”
http://lwww.todnet.org/sozluk/) and used accordingly.

The Turkish Journal of Ophthalmology does not charge any
article submission or processing charges.

A manuscript will be considered only with the understanding
that it is an original contribution that has not been published
elsewhere.

Reviewed and accepted manuscripts are translated either
from Turkish to English or from English to Turkish by the
Journal through a professional translation service. Prior to
publishing, the translations are submitted to the authors for
approval or correction requests, to be returned within 7 days.
If no response is received from the corresponding author
within this period, the translation is checked and approved
by the editorial board.

The abbreviation of the Turkish Journal of Ophthalmology is
TJO, however, it should be denoted as Turk J Ophthalmol
when referenced. In the international index and database,
the name of the journal has been registered as Turkish
Journal of Ophthalmology and abbreviated as Turk J
Ophthalmol.

The scientific and ethical liability of the manuscripts
belongs to the authors and the copyright of the manuscripts
belongs to the Turkish Journal of Ophthalmology. Authors
are responsible for the contents of the manuscript and
accuracy of the references. All manuscripts submitted
for publication must be accompanied by the Copyright
Transfer Form. Once this form, signed by all the authors,
has been submitted, it is understood that neither the
manuscript nor the data it contains have been submitted
elsewhere or previously published and authors declare the
statement of scientific contributions and responsibilities of
all authors.

All manuscripts submitted to the Turkish Journal of
Ophthalmology are screened for plagiarism using the
‘iThenticate’ software. Results indicating plagiarism may
result in manuscripts being returned or rejected.
Experimental, clinical and drug studies requiring approval by
an ethics committee must be submitted to the Turkish Journal
of Ophthalmology with an ethics committee approval report
confirming that the study was conducted in accordance
with international agreements and the Declaration of
Helsinki (revised 2013) (https://www.wma.net/policies-post/
wma-declaration-of-helsinki-ethical-principles-for-medical-
research-involving-human-subjects/). The approval of the
ethics committee and the fact that informed consent was
given by the patients should be indicated in the Materials
and Methods section. In experimental animal studies, the
authors should indicate that the procedures followed were
in accordance with animal rights as per the Guide for the
Care and Use of Laboratory Animals (http://oacu.od.nih.gov/
regs/quide/guide.pdf) and they should obtain animal ethics
committee approval.

Authors must provide disclosure/acknowledgment  of
financial or material support, if any was received, for the
current study.

If the article includes any direct or indirect commercial
links or if any institution provided material support to the
study, authors must state in the cover letter that they
have no relationship with the commercial product, drug,
pharmaceutical company, etc. concerned; or specify the type
of relationship (consultant, other agreements), if any.
Authors must provide a statement on the absence of conflicts
of interest among the authors and provide authorship
contributions.

The Turkish Journal of Ophthalmology is an independent
international journal based on single-blind peer-review
principles. The manuscript is assigned to the Editor-in-
Chief, who reviews the manuscript and makes an initial
decision based on manuscript quality and editorial priorities.
Manuscripts that pass initial evaluation are sent for external
peer review, and the Editor-in-Chief assigns an Associate
Editor. The Associate Editor sends the manuscript to
three reviewers (internal and/or external reviewers). The
reviewers must review the manuscript within 21 days. The
Associate Editor recommends a decision based on the
reviewers’ recommendations and returns the manuscript
to the Editor-in-Chief. The Editor-in-Chief makes a final
decision based on editorial priorities, manuscript quality,
and reviewer recommendations. If there are any conflicting
recommendations from reviewers, the Editor-in-Chief can
assign a new reviewer.

The scientific board guiding the selection of the papers to
be published in the Journal consists of elected experts of
the Journal and if necessary, selected from national and
international authorities. The Editor-in-Chief, Associate
Editors, biostatistics expert and English language consultant
may make minor corrections to accepted manuscripts that
do not change the main text of the paper.

In case of any suspicion or claim regarding scientific
shortcomings or ethical infringement, the Journal reserves
the right to submit the manuscript to the supporting
institutions or other authorities for investigation. The Journal
accepts the responsibility of initiating action but does not
undertake any responsibility for an actual investigation or
any power of decision.

The Editorial Policies and General Guidelines for
manuscript preparation specified below are based on
“Recommendations for the Conduct, Reporting, Editing, and
Publication of Scholarly Work in Medical Journals (ICMJE
Recommendations)” by the International Committee of
Medical Journal Editors (2013, archived at http://www.icmje.
org/).

Preparation of research articles, systematic reviews and
meta-analyses must comply with study design guidelines:
CONSORT statement for randomized controlled ftrials
(Moher D, Schultz KF, Altman D, for the CONSORT Group.
The CONSORT statement revised recommendations for
improving the quality of reports of parallel group randomized
trials. JAMA 2001; 285: 1987-91) (http://www.consort-
statement.org/);

PRISMA statement of preferred reporting items for systematic
reviews and meta-analyses (Moher D, Liberati A, Tetzlaff J,
Altman DG, The PRISMA Group. Preferred Reporting Items
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for Systematic Reviews and Meta-Analyses: The PRISMA
Statement. PLoS Med 2009; 6(7): €1000097.) (http://www.
prisma-statement.org/);

STARD checklist for the reporting of studies of diagnostic
accuracy (Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis
CA, Glasziou PP, Irwig LM, et al., for the STARD Group.
Towards complete and accurate reporting of studies of
diagnostic accuracy: the STARD initiative. Ann Intern Med
2003;138:40-4.) (http://www.stard-statement.org/);

STROBE statement, a checklist of items that should be
included in reports of observational studies (http://www.
strobe-statement.org/);

MOOSE guidelines for meta-analysis and systemic reviews
of observational studies (Stroup DF, Berlin JA, Morton SC, et
al. Meta-analysis of observational studies in epidemiology:
a proposal for reporting Meta-analysis of observational
Studies in Epidemiology (MOOSE) group. JAMA 2000; 283:
2008-12).

GENERAL GUIDELINES

Manuscripts can only be submitted electronically through
the Journal Agent website (http://journalagent.com/tjo/) after
creating an account. This system allows online submission
and review.

The manuscripts are archived according to ICMJE, Index
Medicus (Medline/PubMed) and Ulakbim-Turkish Medicine
Index Rules.

Format: Manuscripts should be prepared using Microsoft
Word, size A4 with 2.5 cm margins on all sides, 12 pt Arial
font and 1.5 line spacing.

Abbreviations: Abbreviations should be defined at first
mention and used consistently thereafter. Internationally
accepted abbreviations should be used; refer to scientific
writing guides as necessary.

Cover letter: The cover letter should include statements
about manuscript type, single-journal submission affirmation,
conflict of interest statement, sources of outside funding,
equipment (if applicable), approval of language for articles
in English and approval of statistical analysis for original
research articles.

REFERENCES

Authors are solely responsible for the accuracy of all
references.

In-text citations: References should be indicated as a
superscript immediately after the period/full stop of the
relevant sentence. If the author(s) of a reference is/are
indicated at the beginning of the sentence, this reference
should be written as a superscript immediately after the
author’s name. If relevant research has been conducted in
Turkey or by Turkish investigators, these studies should be
given priority while citing the literature.

Presentations presented in congresses, unpublished
manuscripts, theses, Internet addresses, and personal
interviews or experiences should not be indicated as
references. If such references are used, they should be
indicated in parentheses at the end of the relevant sentence
in the text, without reference number and written in full, in
order to clarify their nature.

References section: References should be numbered
consecutively in the order in which they are first mentioned
in the text. All authors should be listed regardless of number.
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The titles of journals should be abbreviated according to the
style used in the Index Medicus.

Reference Format

Journal: Last name(s) of the author(s) and initials, article
title, publication title and its original abbreviation, publication
date, volume, the inclusive page numbers. Example: Collin
JR, Rathbun JE. Involutional entropion: a review with
evaluation of a procedure. Arch Ophthalmol. 1978;96:1058-
1064.

Book: Last name(s) of the author(s) and initials, chapter title,
book editors, book title, edition, place of publication, date of
publication and inclusive page numbers of the extract cited.
Example: Herbert L. The Infectious Diseases (1st ed).
Philadelphia; Mosby Harcourt; 1999:11;1-8.

Book Chapter: Last name(s) of the author(s) and initials,
chapter title, book editors, book title, edition, place of
publication, date of publication and inclusive page numbers
of the cited piece.

Example: O'Brien TP, Green WR. Periocular Infections.
In: Feigin RD, Cherry JD, eds. Textbook of Pediatric
Infectious Diseases (4th ed). Philadelphia; W.B. Saunders
Company;1998:1273-1278.

Books in which the editor and author are the same person:
Last name(s) of the author(s) and initials, chapter title,
book editors, book title, edition, place of publication, date of
publication and inclusive page numbers of the cited piece.
Example: Solcia E, Capella C, Kloppel G. Tumors of the
exocrine pancreas. In: Solcia E, Capella C, Kloppel G, eds.
Tumors of the Pancreas. 2nd ed. Washington: Armed Forces
Institute of Pathology; 1997:145-210.

TABLES, GRAPHICS, FIGURES, AND IMAGES

All visual materials together with their legends should be
located on separate pages that follow the main text.
Images: Images (pictures) should be numbered and include
a brief title. Permission to reproduce pictures that were
published elsewhere must be included. All pictures should
be of the highest quality possible, in

JPEG format, and at a minimum resolution of 300 dpi.
Tables, Graphics, Figures: All tables, graphics or figures
should be enumerated according to their sequence within
the text and a brief descriptive caption should be written. Any
abbreviations used should be defined in the accompanying
legend. Tables in particular should be explanatory and
facilitate readers’ understanding of the manuscript, and
should not repeat data presented in the main text.

BIOSTATISTICS

To ensure controllability of the research findings, the study
design, study sample, and the methodological approaches
and applications should be explained and their sources
should be presented.

The “P” value defined as the limit of significance along with
appropriate indicators of measurement error and uncertainty
(confidence interval, etc.) should be specified. Statistical
terms, abbreviations and symbols used in the article should
be described and the software used should be defined.
Statistical terminology (random, significant, correlation, etc.)
should not be used in non-statistical contexts.

All results of data and analysis should be presented in the
Results section as tables, figures and graphics; biostatistical
methods used and application details should be presented

in the Materials and Methods section or under a separate
title.

MANUSCRIPT TYPES

Original Articles

Clinical research should comprise clinical observation, new
techniques or laboratories studies. Original research articles
should include title, structured abstract, key words relevant to
the content of the article, introduction, materials and methods,
results, discussion, study limitations, conclusion references,
tables/figures/images and acknowledgement sections. Title,
abstract and key words should be written in both Turkish and
English. The manuscript should be formatted in accordance
with the above-mentioned guidelines and should not exceed
sixteen A4 pages.

Title Page: This page should include the title of the
manuscript, short title, name(s) of the authors and author
information. The following descriptions should be stated in
the given order:

1. Title of the manuscript (Turkish and English), as concise
and explanatory as possible, including no abbreviations, up
to 135 characters

2. Short title (Turkish and English), up to 60 characters

3. Name(s) and surname(s) of the author(s) (without
abbreviations and academic titles) and affiliations

4. Name, address, e-mail, phone and fax number of the
corresponding author

5. The place and date of scientific meeting in which the
manuscript was presented and its abstract published in the
abstract book, if applicable

Abstract: A summary of the manuscript should be written
in both Turkish and English. References should not be cited
in the abstract. Use of abbreviations should be avoided as
much as possible; if any abbreviations are used, they must be
taken into consideration independently of the abbreviations
used in the text. For original articles, the structured abstract
should include the following sub-headings:

Objectives: The aim of the study should be clearly stated.
Materials and Methods: The study and standard criteria
used should be defined; it should also be indicated whether
the study is randomized or not, whether it is retrospective or
prospective, and the statistical methods applied should be
indicated, if applicable.

Results: The detailed results of the study should be given
and the statistical significance level should be indicated.
Conclusion: Should summarize the results of the study, the
clinical applicability of the results should be defined, and the
favorable and unfavorable aspects should be declared.
Keywords: A list of minimum 3, but no more than 5 key
words must follow the abstract. Key words in English should
be consistent with “Medical Subject Headings (MESH)”
(www.nIm.nih.gov/mesh/MBrowser.html). Turkish key words
should be direct translations of the terms in MESH.

Original research articles should have the following sections:
Introduction: Should consist of a brief explanation of the
topic and indicate the objective of the study, supported by
information from the literature.

Materials and Methods: The study plan should be clearly
described, indicating whether the study is randomized or
not, whether it is retrospective or prospective, the number of
trials, the characteristics, and the statistical methods used.
Results: The results of the study should be stated, with
tables/figures given in numerical order; the results should
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be evaluated according to the statistical analysis methods
applied. See General Guidelines for details about the
preparation of visual material.

Discussion: The study results should be discussed in terms
of their favorable and unfavorable aspects and they should
be compared with the literature. The conclusion of the study
should be highlighted.

Study Limitations: Limitations of the study should be
discussed. In addition, an evaluation of the implications of
the obtained findings/results for future research should be
outlined.

Conclusion: The conclusion of the study should be
highlighted.

Acknowledgements: Any technical or financial support or
editorial contributions (statistical analysis, English/Turkish
evaluation) towards the study should appear at the end of
the article.

References: Authors are responsible for the accuracy of
the references. See General Guidelines for details about the
usage and formatting required.

Case Reports

Case reports should present cases which are rarely seen,
feature novelty in diagnosis and treatment, and contribute
to our current knowledge. The first page should include
the title in Turkish and English, an unstructured summary
not exceeding 150 words, and key words. The main text
should consist of introduction, case report, discussion and
references. The entire text should not exceed 5 pages (A4,
formatted as specified above).

Review Articles

Review articles can address any aspect of clinical or
laboratory ophthalmology. Review articles must provide
critical analyses of contemporary evidence and provide
directions of current or future research. Most review articles
are commissioned, but other review submissions are also
welcome. Before sending a review, discussion with the editor
is recommended.

Reviews articles analyze topics in depth, independently
and objectively. The first chapter should include the title
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2022 Issue 1 at a Glance:

This issue of our journal features eight original research articles, one
review, and three case reports that we hope will be inferesting and
beneficial for our readers.

Microbial keratitis is a serious condition that can result in corneal
scarring, perforation, and blindness. It usually occurs in the presence
of predisposing factors such as contact lens (CL) use. Determining
the incidence, the diversity of microbial agents, and predisposing
factors of microbial keratitis are necessary for effective treatment
and prevention. Yarimada et al. evaluated the medical records of
314 patients with corneal ulcers suggestive of microbial keratitis who
presented to a tertiary center in |zmir and had cultures performed.
They recorded the patients’ demographic, clinical, and laboratory
data; lesion characteristics including the location and number of
keratitis foci; presence of predisposing factors such as CL use, trauma,
recurrent corneal erosion, corneal graft, and ocular or systemic disease;
and the type of microorganism detected in culture. The results showed
that in western Turkey, CL use was the biggest risk factor for microbial
keratitis and  Pseudomonas aeruginosa was the most frequently
isolated microbial agent. The authors emphasized that microbiological
analysis and culture are important steps in the appropriate therapeutic
management of microbial keratitis (see pages 1-5).

Ay and Alay determined the frequency of ocular symptoms and
levels of inflammation markers in 53 patients treated in the intensive
care unit due fo severe acute respirafory fract infection coronavirus 2
(SARS-CoV-2) infection and prospectively investigated the association
between these parameters and mortality. Congestion was observed
in 13 patients (24.5%), serous secretion in 6 patients (11.3%), and
chemosis in 3 patients (5.7%). Every 1 mg/dL increase in Creactive
protein level was associated with 1.9% lower odds of detecting
inflammatory eye signs (95% confidence interval: 3.3%0.4%). Their
results draw atfention to the importance of ocular surface examination
in patients receiving infensive care treatment due to COVID-19 (see
pages 6-13).

Bozkurt Oflaz et al. conducted a study to evaluate the effects of
auditory biofeedback training using microperimetry in patients with
foveal scar and a refinal locus eligible for better fixation. They
observed that the refinal locus trained with biofeedback training
increased average refinal sensitivity, fixation stability, and reading
speed and improved confrast sensitivity and quality of life (see pages
1422).

Altinbay and Idil examined 63 eyes of 63 patients with agerelated
macular degeneration (AMD) in their prospective study to determine

fixation stability and characteristic features of the preferred refinal area
(PRL) in advanced AMD. They determined that the distance of the PRL
from the fovea was significantly associated with fixation stability, with
greater PRLfovea distance in patients with unstable fixation compared
to patients with stable fixation (p=0.023). Considering the sfrong
relationship between fixation stability and reading speed, this finding
emphasizes the importance of knowing the factors associated with
fixation stability in late AMD in terms of restoring reading ability in
low vision rehabilitation (see pages 23-29).

Soénmez et al. analyzed the optical coherence tomography angiography
(OCT-A) and peripheral visual field data of 11 patients with acute
non-arferitic anterior ischemic optic neuropathy (NAION) and 14
controls. They determined that peripapillary and optic nerve head
hypoperfusion areas correlated with visual field defects in 6 of the
patients, and that the patients had lower optic disc head capillary
density (p=0.008) and reduced radial peripapillary capillary density
in all sectors except the inferonasal sector. The authors concluded that
OCT-A is a current, rapid, and non-invasive method for the evaluation
of peripapillary microcirculation in NAION patients (see pages 30-
36).

Ozdek et al. aimed to evaluate the effects of two- and four-quadrant
partialthickness sclerectomy and sclerotomy surgery on visual and
anatomical outcomes in the treatment of nanophthalmus (NO)-related
uveal effusion (UE). Of 14 eyes of 10 patients operated, 11 eyes
underwent four-quadrant surgery and 3 eyes with glaucoma underwent
two-quadrant surgery. External drainage of subretinal fluid was added
in 1 eye with tofal retinal detachment. Because retinal reattachment
occurred in only 1 of the 3 eyes that underwent primary two-quadrant
surgery, in the other 2 eyes the remaining two quadrants were
also operated to complete four-quadrant sclerectomy. At last follow-
up, refinal reattachment was observed in 11 eyes (78.6%), partial
reattachment in 1 eye (7.1%), and recurrence of macular detachment
in 2 eyes (14.3%). The authors noted that partiakthickness sclerectomy
and sclerotomy surgery are effective in the treatment of UE in eyes
with NO, and external drainage of subrefinal fluid may be an option
to achieve a faster response in severe cases (see pages 37-44).

Idiopathic juxtafoveal telangiectasia (IMT) is associated with foveal
thinning, crystalline deposits in the macula, telangiectatic vascular
changes with leakage, and macular neovascularization  (MNV).
Macular telangiectasia type 2 (MacTel 2), a subgroup of IMT, is an
acquired bilateral disease that causes decreased visual acuity and
metamorphopsia, most commonly occurring in middle-aged adults.
Coban Karatas et al. compared the best-corrected visual acuity, central
macular thickness (CMT), and central choroidal thickness (CCT) values
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of MacTel 2 patients and a control group and evaluated the efficacy
of infravitreal anti-VEGF therapy in MacTel 2 patients with MNV.
The MacTel 2 group had significantly lower CMT and CCT than the
control group, 8 eyes of 7 patients with MacTel 2 developed MNV
during follow-up, and all patients were treated with intravitreal anti-
VEGFE. The authors concluded that MacTel 2 patients should be closely
monitored for the development of MNV, and intravitreal anti-VEGF
therapy may be beneficial in patients with proliferative MacTel 2 and
reduced visual acuity (see pages 45-49).

Ceylan and Yeniad prospectively evaluated tear film changes with
tear film breakup time and Schirmer tests, corneal staining patterns,
Ocular Surface Disease Index scores, and corneal topography and
autorefractometry results preoperatively and at postoperative 1 day, 1
week, 1 month, 3 months, and 6 months in 32 eyes of 20 patients
who underwent ptosis surgery and/or upper lid blepharoplasty:
blepharoplasty in 12 eyes (group 1), blepharoplasty with levator
surgery in 8 eyes (group 2), and levator surgery only in 12 eyes (group
3). They determined that ptosis surgery and upper lid blepharoplasty
can cause dry eye symptoms that vary according to the surgical
procedure performed and can persist at postoperative 6 months, that
levator surgery can cause temporary refractive changes, and upper
lid blepharoplasty does not cause postoperative keratometric changes
(see pages 50-56).

The space race began with the Soviet Union launching the artificial
satellite Sputnik 1 on October 4, 1957, followed by animal and
manned flights. Thanks fo the International Space Station, the
numbers of space flights and people exposed to space conditions are
increasing. Space studies have revealed several problems that affect
human biology, including low gravity, lack of atmosphere, galactic
cosmic rays, and solar energetic particles. Microgravity (MG) and
space radiation constitufe a major part of these problems. In this
issue’s review, Ozelbaykal et al. examines the literature on the effects
of MG and space radiation on the eye and shares treatment methods
and hypotheses about what can be done to mitigate the effects of
MG and space radiation on biological structures (see pages 57-63).

Conditions involving disruptions in Descemet's membrane (DM) integrity
such as rupture and detachment manifest with corneal edema and
vision loss due to DM folds. Acute corneal hydrops is characterized
by DM rupture as a result of stretching of the DM due to corneal
ectasia. The DM rupture allows aqueous fluid to enter the corneal
stroma and corneal epithelium. Although loss of DM integrity resolves
spontaneously, severe visual symptoms or vision loss and long disease
duration negatively influence quality of life and cause significant visual
morbidity. Ozcan and Ozlenen Ugakhan evaluated treatment responses

in a total of four patients, two who were treated with isoexpansile
14% C,F, injection info the anterior chamber for acute hydrops due
to keratoglobus or keratoconus, and two who were treated with
intracameral 14% C,F, injection with corneal compression sutures
for chronic, large DM defachments due to keratoglobus and chronic
hydrops complicated by multiple stromal clefts on anterior segment
optical coherence tomography in one patient and after cataract surgery
in the other patient. Complete and effective DM reattachment with
surgery was reported in all patients. The authors stated that surgical
treatment of corneal hydrops with infracameral gas injection and
corneal compression sutures provides rapid symptomatic relief, better
visual rehabilitation, less corneal scarring, and may reduce the need
for corneal transplantation in this patient group (see pages 64-68).

Arici et al. detected diffuse corneal edema, DM folds, and an intact
upside-down graft on slitlamp examination of a 29-yearold woman
who was referred for corneal edema after uneventful pterygium
excision with conjunctival autograft. Within two weeks of treatment
with topical dexamethasone, a complete response was observed,
but severe endothelial cell loss was observed in the operated eye
on specular microscopic examination. In longterm follow-up, mild
corneal haze causing a decrease in visual acuity to 20/50 was
observed. With this case report, the authors emphasize that povidone
iodine should be carefully cleared during pterygium surgery and its
penetration info the anterior chamber should be prevented to avoid
potentially serious complications (see pages 69-71).

Erlotinib is a tyrosine kinase inhibitor that specifically targets the
epidermal growth factor receptor and is frequently used in the
treatment of lung cancer. It can cause ocular complications ranging
from mild dry eye syndrome to corneal perforation requiring corneal
transplantation. Mangan presents a patient who was using erlotinib
for 3 years for non-small cell lung cancer and was referred from
the oncology dlinic with complaints of burning, stinging, pain, and
dryness in both eyes and outward turning of both lower eyelids. One
week after temporarily discontinuing erlotinib with approval from the
oncology department, the patient's cicatricial ectropion had improved
dramatically and all complaints completely resolved. The author noted
that good communication between oncologists and ophthalmologists
along with risk assessment and joint decision-making can reduce
systemic and ocular complications (see pages 72-74).

We hope that the articles in our first issue of the year will make for
interesting reading and provide guidance in your professional practice.

Respectfully on behalf of the Editorial Board,
Ozlem Yildirnm, MD
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Comparison of Culture-Positive and -Negative Microbial
Keratitis

@ Semir Yarimada*, ® Ozlem Barut Selver*, ® Melis Palamar*, ® Sait Egrilmez*,
® Sabire $ohret Aydemir**, ® Siileyha Hilmioglu Polat**, ® Ayse Yagc1*

*Ege University Faculty of Medicine, Department of Ophthalmology, Izmir, Turkey
#**Ege University Faculty of Medicine, Department of Microbiology, {zmir, Turkey

Abstract

Objectives: To evaluate and compare the risk factors, presenting features, and outcomes of patients with culture-positive and culture-
negative microbial keratitis (MK) who presented to a tertiary referral center.

Materials and Methods: We conducted a retrospective review of the medical records of 314 patients who were diagnosed with MK
in our clinic between 2012 and 2019.

Results: Among 314 patients, 142 had positive cultures (45.2%). The mean ages of the culture-positive and -negative patients at the
time of diagnosis were 51.39+21.31 (range, 14-90) years and 56.68+21.34 (7-94) years, respectively (p=0.028). The mean best corrected
visual acuity (BCVA) of the culture-positive and -negative patients werel.74+1.25 (0-3.1) LogMAR and 1.91+1.23 (0-3.1) LogMAR
prior to treatment and increased to 1.21+1.30 (0-3.1) LogMAR and 1.27+ 1.29 (0-3.1) LogMAR at last visit, respectively. There was
no statistically significant difference between culture-positive and -negative patients’ BCVA levels at presentation or last visit. Ninety-
two patients (64.7%) were infected with bacteria and 50 patients (35.2%) with fungi. The most common pathogen was Pseudomonas
aeruginosa (18.3%), followed by Streprococcus pneumoniae (11.2%) and Fusarium spp. (11.2%). Keratitis foci were either centrally
or paracentrally located in 105 eyes (73.9%) of culture-positive patients and 149 eyes (86.6%) of culture-negative patients. Multiple
foci were present mostly in culture-positive patients (p=0.001). There was no significant difference between the culture-positive and
-negative groups in terms of hypopyon presence (p=0.364). The proportion of contact lens (CL) wearers was 33% (n=47) among culture-
positive MK patients and 13.3% (n=23) among culture-negative MK patients, respectively (p<0.001). Culture positivity was found to
be significantly higher in keratitis associated with CL use (p=0.0001).

Conclusion: Microbiological analysis and culture evaluation are important steps in order to manage proper treatment in microbial
keratitis. Prognosis mostly depends on the infectivity of the microbiological agent.

Keywords: Contact lens, culture, microbial keratitis
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Introduction

Microbial keratitis is a severe disease that can result in
corneal scarring, perforation, and finally blindness. Predisposing
factors such as contact lens (CL) usage are usually present in the
incident of the disease. Determining the incidence, microbial
agent diversity, and predisposing factors of microbial keratitis are
necessary for effective diagnosis, management, and prevention.!

The demographics and microbiological profile of the disease
differ, and various reports have been published through the
world.?? Shifting trends in the microbiological profile of keratitis
have also been reported in some studies.*>® Therefore, regular
studies of the microbial profile are essential in order to determine
local microorganisms and their antimicrobial sensitivities.”

The present study aimed to identify the features of culture-
positive and culture-negative microbial keratitis in a tertiary
referral center in Izmir, Turkey.

Materials and Methods

We performed a retrospective data analysis of patients who
presented to our clinic between 2012 and 2019 with corneal
ulcer findings suggestive of microbial keratitis (central and/or
large (=3 mm) corneal infiltrates or corneal infiltrates extending
to the mid to deep stroma, Figure 1) and underwent culture. The
medical records of 314 patients were reviewed for demographic,
clinical, and laboratory findings. Lesion characteristics including
the location and number of keratitis foci were noted. Lesion
location was defined as central if it invaded within 2 mm
of fixation, peripheral if it involved a zone within 2 mm of
the limbus, and paracentral if it was between the central and
peripheral zone. Predisposing factors such as CL use, trauma,
recurrent corneal erosion, corneal graft, and ocular or systemic
disease, as well as the type of microorganism detected in culture
were noted. The study adhered to the tenets of Declaration of
Helsinki and was approved by the institutional ethics committee

of our university.

Figure 1. Central deep corneal infiltrates extending to the middle to deep stroma

2

Microbiological samples for Gram staining and cultures were
obtained from the patients by a cornea specialist using a scalpel
blade and cotton-tipped swab. If present, CLs and their solutions
were also sent to the laboratory for microbiological investigation.
Collected samples routinely underwent Gram staining and were
inoculated on 5% sheep blood agar, EMB agar, chocolate agar,
and Sabouraud agar for culturing. A culture result was noted
as positive if microorganism growth was observed along the
inoculation line in plates at 48 hours for bacteria or detected on
Sabouraud agar after 6 weeks of incubation for fungi. Cultured
microorganisms were identified using standard microbiological
procedures. Antibiotic sensitivities were demonstrated based
on antibiotic susceptibility testing standards of the Clinical
Laboratory Standards Institute, using the VITEK 2 (Biomerioux,
France) automated system. Patients were hospitalized and
empirically initiated on topical fortified vancomycin (Vancotek
50 mg/mL vial, Kocak Farma, Turkey), ceftazidime (Iesetum
50 mg/mL vial, L.LE. Ulagay, Turkey), and fluconazole (Fungan
0.2% vial, L.E. Ulagay, Turkey) drops hourly for the first 48
hours along with 1% cyclopentolate (Sikloplejin, Abdi Ibrahim,
Turkey) 3 times a day and non-preserved artificial tear drops
every 2 hours. Disruption of the tear film by the infection can
lead to increased risk of ocular surface dryness and promote
bacterial adhesion. Thus, to mimic tear film function and protect
the ocular surface from dryness, preservative-free artificial tear
solutions were used as a part of medical treatment. Moreover,
artificial tears dilute the load of microbial and inflammatory
agents in the tear film.

Statistical Analysis

According to microbiological results, treatment was modified
to target the specific microorganism. Clinical improvement with
this treatment was followed up until complete resolution of
keratitis foci, seen as unstained stromal opacity with no signs of
inflammation.

The statistical analysis was performed using SPSS software
for Windows version 15.0 (SPSS Inc, Chicago, Illinois, USA)
and Microsoft Office Excel (Microsoft, Redmond, Washington,
USA). Statistical analyses were performed using frequency tables,
paired t-test for within-group comparisons of best corrected
visual acuity (BCVA) at presentation and last follow-up visit,
unpaired t test for comparisons of BCVA between the culture-
positive and culture-negative groups, and chi-square test for
qualitative data. A value of p<0.05 was accepted as statistically
significant.

Results

Among 314 patients, 142 had positive cultures (45.22%).
The mean ages of the culture-positive and -negative patients at
the time of diagnosis were 51.39+21.31 (range, 14-90) years and
56.68+21.34 (range, 7-94) years, respectively (p=0.028). The
male to female ratio in the culture-positive and culture-negative
patients was 0.8 and 1.17, respectively (p<0.001, chi-square
test).



Yarimada et al. Culture-Proven Microbial Keratitis

The mean time from symptom onset to diagnosis in the
culture-positive and -negative patients was 27 =24 (range, 0-90)
days and 13.2+16.8 (range, 1-90) days, respectively (p=0.014).
The mean BCVAs of the culture-positive and -negative patients
were 1.74+1.25 (range, 0-3.1) LogMAR and 1.91+1.23 (range,
0-3.1) LogMAR prior to treatment and increased to 1.21+1.30
(range, 0-3.1) LogMAR and 1.27+1.29 (range, 0-3.1) LogMAR
at the end of the follow-up, respectively (p=0.0002; p<0.001,
paired t test). There was no statistically significant difference
between culture-positive and -negative patients’ BCVAs at
presentation (p=0.316, unpaired t test) or at last visit (p=0.716,
unpaired t test) (Table 1).

In the culture-positive group, 92 patients (64.7%) were
infected with bacteria and 50 patients (35.2%) with fungi.
Among the cultured microorganisms, 30 different strains were
identified (43.3% gram-negative bacteria, 16.6% gram-positive
bacteria, and 40% fungi). The most common pathogen was
Pseudomonas aeruginosa (18.3%), followed by Streptococcus
pneumoniae (11.2%) and Fusarium spp. (11.2%). Culture results

were positive for multiple species in 10 patients (7%) (Table 2).
No statistically significant difference was observed in BCVA
after treatment in polymicrobial infections (p=0.068, Wilcoxon
nonparametric test). Evisceration surgery was performed to only
one eye which had polymicrobial infection. According to culture
results, fungal infections were associated with significantly
worse BCVA. The mean BCVA of the fungal infection group was
2.15+1.14 (range, 0.1-3.1) LogMAR, versus 1.61+1.26 (range,
0-3.1) LogMAR in bacterial infection group (p=0.044, unpaired
t test).

Keratitis foci were either centrally or paracentrally located in
105 eyes (73.9%) of the culture-positive patients and 149 eyes
(86.6%) of the culture-negative patients (p=0.001, chi-square
test). A single focus was present in 92 (64.7%) culture-positive
and in 161 (93.6%) culture-negative patients (p=0.0001, chi-
square test). Multiple foci were present in 50 eyes (35.2%) of
culture-positive and 11 eyes (6.4%) of culture-negative patients
(p=0.0001, chi-square test).

Table 1. The presenting features of the patients with microbial keratitis

Patients with culture-positive MK | Patients with culture-negative MK
p value

(mean + SD, range) (mean * SD, range)

Initial BCVA (LogMAR) e oL 0.649
s (0-3.1) (0-3.1) '
Last BCVA (LogMAR) 25;%?46 1.27+1.29 (0-3.1) 0.170
. 27 + 24 13.2 + 16.8

Mean duration of symptoms (days) 0-90) (1-90) 0.014
Number of keratitis foci, n (%)
Single focus 92 (64.7) 161 (93.6) 0.0001
Multiple foci 50 (35.2) 11 (6.4) ’
Location of keratitis foci, n (%)
Central/paracentral 105 (73.9) 149 (86.6) 0.001
Peripheral 37 (26.1) 23 (13.3) ’
Hypopyon (n, %) 55 (38.7) 56 (32.5) 0.364
Risk factors
Contact lens wear 47 (33) 23 (13.3) 0.0001
Trauma with organic material 38 (26.7) 24(13.9) 0.007
Corneal graft 19(13.3) 15(8) 0.225

MK: Microbial keratitis, SD: Standard deviation, BCVA: Best corrected visual acuity

Table 2. Culture results of patients with microbial keratitis

Group and species n (%)
Gram-negative bacteria 43.3%*
Pseudomonas aeruginosa 26(18.3)
Gram-positive bacteria 16.6%*
Streptococcus pneumoniae 16(11.2)
Staphylococcus aureus 6(4.2)
Fungi 38.7%*
Fusarium spp. 16(11.2)

*Percentage of the microorganism among all species isolated from culture (n=30)
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Repeated corneal scrapings were performed in 14 patients
(8.1%) due to the lack of clinical regression, but cultures of these
samples were negative.

Hypopyon was present in 55 eyes (38.7%) of culture-positive
and in 56 eyes (32.5%) of culture-negative patients (p=0.364,
chi-square test).

The prevalence of ocular/systemic comorbidity in culture-
positive and -negative patients was 28.1% (n=40)/30.2% (n=43)
and 33.1% (n=57)/37.2% (n=64), respectively (p=0.251 and
p=0.133, chi-square test). The most common accompanying
systemic diseases in culture-positive and -negative patients were
diabetes (12/142, 8.4%) and hypertension (25/172, 14.5%),
respectively. The most common accompanying ocular disease
in both culture-positive and -negative patients was glaucoma
(8.1% for both). Other associated ocular diseases were dry
eye syndrome, bullous keratopathy, keratoconus, and exposure
keratopathy.

Twenty-five (14.5%) of the 172 culture-negative patients
had a history of steroid use due to corneal transplantation (n=18),
bullous keratopathy (n=6), and marginal keratitis (n=1).

The most common predisposing factor for culture-proven
microbial keratitis was CL usage. The proportion of CL wearers
was 33% (n=47) among the culture-positive patients and 13.3%
(n=23) among culture-negative patients. Culture positivity was
found to be significantly higher in keratitis associated with
CL use (p=0.0001, chi-square test). All patients used frequent
replacement soft CLs except one, who used a rigid gas-permeable
CL. History of overnight wear and showering/swimming was
reported by 50% and 58.9% of the CL wearers, respectively.

History of ocular trauma with organic material was present
in 26.7% (n=38) of culture-positive patients and 13.9% (n=24)
of culture-negative patients. Presence of corneal grafts was a
predisposing factor in 13.3% (n=19) and 8% (n=15) of culture-
positive and -negative patients, respectively.

The rate of antibiotic use before admission to our clinic was
36.7% in the culture-positive group and 45.9% in the culture-
negative group (p=0.097, chi-square test). Positive clinical
response to empiric antimicrobial treatment was observed in
59.1% and 86.6% of culture-positive and -negative patients,
respectively (p<0.001).

Despite proper treatment according to antibiogram results,
47 patients (33%) in the culture-positive group needed
evisceration and penetrating keratoplasty surgery. In the culture-
negative group, 18 (10.4%) of the patients needed evisceration
and penetrating keratoplasty surgery (p<0.001, chi-square test).
In order to limit infection and protect the eye, therapeutic
keratoplasty was performed in 19.0% (n=27) of the culture-
positive and 8.7% (n=15) of culture-negative patients (p=0.011,
chi-square test). Unfortunately, 8 patients in the culture-positive
group and 3 patients in the culture-negative group underwent
evisceration surgery.

Discussion

Microbial keratitis is one of the most common causes
of corneal blindness worldwide. Although microbial agent
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characterization according to corneal scraping assessment is
essential for effective treatment, clinicians need to start the
antimicrobial regimen before culture and antibiogram results are
available. The local microbial distribution pattern is one of the
key factors in making this decision accurately.! As geographical
and climatic influences result in regional differences in the
pattern of microbial isolates, local epidemiologic studies are
important for this decision.’

Although microbial determination is essential, culture
positivity rates reported in the literature range from 25.6 to
78% .1:24>678910.1L1215 Byen though our clinic is a regional tertiary
center and most patients were referrals who already received
broad spectrum antimicrobial therapy before presentation, the
positive culture rate for microbial keratitis was 45.2%, consistent
with the literature.

Microbial keratitis generally occurs in the presence of
predisposing factors such as ocular trauma and CL wear. CL wear
was reported to be the major risk factor for microbial keratitis
in developed countries, with a prevalence of 34-50%."'*" In
developing countries, trauma remains the main risk factor,
reported in 48-83% of cases.'®'7!® In the present study, CL wear
(33%) and trauma history (26.7%) were the major risk factors.

As mentioned above, geographic and climatic influences
result in regional variation in the pattern of microbial isolates,
thus the microbiological profile of microbial keratitis differs
between countries. Although gram-positive bacteria are more
frequent in microbial keratitis according to the literature,'
Pseudomonas aeruginosa has been reported as the most common
pathogen in several studies.'* In the present study, the most
common microbial agent of culture-proven microbial keratitis
was P aeruginosa. In 2007, Yilmaz et al.”” reported the
most common agents as gram-positive microorganisms among
culture-proven microbial keratitis in the western part of Turkey,
with a relatively high rate of 68.8%. In their study, the most
common predisposing factors were reported as trauma (26.6%)
and recent intraocular surgery (17%). Only 3.2% of the patients
were reported as CL wearers. The inconsistency between these
two studies from the same region may be due to the substantial
difference in predisposing factors and the increasing popularity
of CLs in the last 13 years.

The proportion of fungal keratitis among microbial keratitis
cases also varies by country due to topographic features and
climatic effects. Fungal keratitis is much more prevalent in
agricultural areas.'® The percentage of fungal keratitis was
reported to be 5.3-40% in the literature.**1>1¢
fungal keratitis accounted for 35.2% of the cases, and 75%
of these patients had a history of ocular trauma with organic
material. The high rate of fungal keratitis might be related to
agriculture being common in Turkey.

Medical management was successful in 68.1% of the culture-
positive patients and 89.6% of the culture-negative patients,
which is consistent with the literature.”” We also observed that
empirical treatment was more effective in the culture-negative
group. Despite a higher rate of globe loss due to the infection
in the culture-positive group, visual prognosis was similar in

In our series,
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both groups. Similarly, Bhadange et al.*® reviewed culture-
positive and -negative patients and reported that visual outcomes
were comparable. In the culture-positive group, gram-negative
microorganisms (e.g., P aeruginosa), which have prominent
destructive nature, were found to be the most common causative
agents. The potential causative microorganisms in the culture-
negative group were assumed to be gram-positive agents
due to the ocular microbiota distribution. Thus, devastating
complications were observed less frequently in the culture-
negative group.

Study Limitations

The most important limitation of the present study was
its retrospective nature. The most vital contribution was
demonstrating the distribution of microbial agents in bacterial
keratitis in a specific geographic region with a noteworthy
amount of patient data.

Conclusion

The present study showed that CL wear was the major risk
factor for microbial keratitis in the western part of Turkey, and
P, aeruginosa was the most commonly isolated microbial agent.
These results differ substantially from those of a previous study
conducted in Turkey 13 years earlier and may demonstrate the
current local microbial distribution pattern.
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Prospective Study: Frequency of Ophthalmic Findings,
Relationship with Inflammation Markers, and Effect on
Prognosis in Patients Treated in the COVID-19 Intensive
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Abstract

Objectives: To prospectively evaluate the frequency of ocular findings and inflammation markers levels in patients treated in the
intensive care unit due to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection to determine the relationship between
these parameters and mortality.

Materials and Methods: We prospectively evaluated 53 patients who were treated in the intensive care unit of a pandemic hospital
between January 1 and June 30, 2021 and whose SARS-CoV-2 diagnosis was confirmed by reverse transcriptase polymerase chain reaction
test from nasopharyngeal swab samples. Ocular findings were evaluated together with white blood cell, neutrophil, lymphocyte count,
C-reactive protein, lactate dehydrogenase and ferritin levels, and mortality rate.

Results: There was no statistically significant correlation between lactate dehydrogenase, white blood cell, neutrophil, and lymphocyte
count elevation and the frequency of inflammatory eye signs (p=0.308, p=0.694, p=0.535, p=0.374). In multivariate analyses, no
statistically significant correlation was observed between ferritin level and the frequency of inflammatory eye findings (p=0.087). In
addition, for each 1 mg/dL increase in C-reactive protein level, the detection of inflammatory eye findings decreased by 1.9% (95%
confidence interval: 3.3%-0.4%; p=0.015). It was determined that 7 of 13 patients with inflammatory eye findings died and this was
not statistically significant (p=0.810).

Conclusion: Inflammatory examination findings of the ocular surface were detected in 13 (24.5%) of 53 patients treated in the
intensive care unit for SARS-CoV-2 infection. Ocular surface examination of patients treated in the intensive care unit due to the SARS-
CoV-2 epidemic is important.
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Introduction

In December 2019, an enveloped RNA virus of unknown
origin was reported to be the cause of pneumonia-related deaths
in Wuhan, China.' Because of its structural similarity to SARS-
CoV (severe acute respiratory syndrome coronavirus), the novel
virus was named SARS-CoV-2. Within a short time, the World
Health Organization announced that coronavirus disease 2019
(COVID-19) was a pandemic.”’ Later, there were reports of ocular
findings associated with SARS-CoV-2, especially conjunctivitis,
and it was shown that the virus could be transmitted through
tears. %7

In this study, we prospectively evaluated the ocular surface
examination findings and laboratory data of 53 patients who had
a positive SARS-CoV-2 reverse transcriptase polymerase chain
reaction (RT-PCR) test result and were treated in the COVID-19
intensive care unit. The results were compared with mortality
data.

Materials and Methods

Patients who were hospitalized in the COVID-19 intensive
care unit of a pandemic hospital in accordance with predetermined
treatment criteria and had a positive RT-PCR test between
January 1 and June 30, 2021 were included in the study (Table
1). We prospectively recorded the patients’ age, sex, presence of
systemic disease, mechanical ventilation support, white blood
cell, neutrophil, and lymphocyte counts, and C-reactive protein
(CRP), lactate dehydrogenase (LDH), and ferritin levels. Other
than the routine follow-up tests recommended in the Turkish
Ministry of Health COVID-19 guideline (https://covid19.saglik.
gov.tr/TR-66301/covid-19-rehberi.html), no additional tests
were ordered for the study. Necessary measures were taken to
prevent SARS-CoV-2 transmission, especially the use of N95
masks. Each patient underwent daily ocular surface examination
using a handheld biomicroscope (Portable Slit Lamp, Reichert
Inc, NY, USA). In addition, the optic nerve, macula, and vascular
arcades of all patients were evaluated using a 90 D Lens (V 90C,
Volk Optical Inc, OH, USA) lens due to the risk of developing
Valsalva retinopathy and intraretinal hemorrhage or optic
neuropathy associated with impaired perfusion. Ethics committee
approval was obtained for the study. Written informed consent
was obtained from conscious patients and from the first-degree
relatives of unconscious patients. The study was conducted in
accordance with the Declaration of Helsinki.

The diagnosis of SARS-CoV-2 infection was made by
detection of viral RNA using the nucleic acid amplification
method by RT-PCR. The SARS-CoV-2 RNA test kit developed
in the Microbiology Reference Laboratories-Virology Laboratory
of the Turkish Ministry of Health General Directorate of Public
Health was used.® Diagnostic nasopharyngeal/oropharyngeal
swabs and sputum specimens were tested using marked
oligonucleotides specific to SARS-CoV-2 target gene regions.
The single-step RT-PCR test was evaluated by sending it to an
authorized microbiology laboratory.

Statistical Analysis

The data were tested for normal distribution using visual
(histogram and probability charts) and analytical methods
(Shapiro-Wilk test). Categorical variables were presented
as number and percentage, and continuous variables were
presented as mean =+ standard deviation (SD) or median (25*-75%
percentile). Pearson’s chi-square test was used to compare
categorical variables between independent groups. Fisher’s Exact
test was performed if the requirements for Pearson’s chi-square
test were not met (if the expected value in more than 20%
eyes was less than 5 or the observed value was less than 2). In
comparisons between two independent groups, Student’s t-test
was used for normally distributed variables and Mann-Whitney
U test was used for non-normally distributed variables. In order
to evaluate variables associated with inflammatory eye findings
and survival, multiple logistic regression analysis was performed
with variables that had results with p<0.05 and p<0.200 in
pairwise comparisons. The multiple logistic regression model
was established using the backward LR method. Results were
evaluated within a 95% confidence interval with an alpha error
of 0.05. Statistical analyses were performed using Statistical
Package for Social Sciences (SPSS) software.

Results

Of the 53 patients included in the study, 26 (49.1%) were
men and 27 (50.9%) were women. The mean age was 69.9+16.0
(19-94) years. Twenty-six patients (49.1%) received noninvasive
ventilation via face mask with reservoir bag, 19 patients (35.8%)
received invasive ventilation via high-flow oxygen therapy
(HFOT), and 8 patients (15.19%) received invasive ventilation
support after endotracheal intubation. Thirty-seven patients
(69.8%) had hypertension (HT), 7 (13.2%) had diabetes mellitus
(DM), and 21 (39.6%) had chronic obstructive pulmonary

Table 1. Criteria for admission to the COVID-19 intensive
care unit

Respiratory rate 230/min
PaO,/FiO, <300

SpO, <90% or PaO, <70 mmHg despite receiving 5 L/min oxygen therapy

Hypotension (SBP <90 mmHg and decrease of >40 mmHg from normal
SBP and mean arterial pressure <65 mmHg)

Tachycardia >100/min

Acute kidney injury

Acute liver function test abnormality

Confusion

Acute bleeding diathesis

Immunosuppression

Troponin elevation and arrhythmia

Lactate >2 mmol

Skin findings associated with delayed capillary refill

PaO,;: Partial pressure of oxygen, FiO,: Fraction of inspired oxygen, SpO,: Peripheral oxygen

saturation, SBP: Systolic blood pressure
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disease (COPD). Twenty-six patients (49.1%) survived and
27 (50.9%) died (Table 2). Congestion was detected in 13
patients (24.5%) cases, serous secretion in 6 patients (11.3%),
and chemosis in 3 patients (5.7%) (Table 3; Figure 1). On
fundus examination, none of the patients exhibited intraretinal
hemorrhage, optic neuritis, or Valsalva retinopathy, which are the
main findings reported to increase in frequency in COVID-19.
The prevalence of inflammatory eye signs was significantly higher
among women than men (p=0.031). There was no statistically
significant difference in the frequency of inflammatory eye
signs between patients who received invasive and noninvasive
ventilation (p=0.691). The frequency of inflammatory eye signs
did not differ significantly according to survival (p=0.810). The
prevalence of inflammatory eye signs increased significantly with
age (p=0.011).

No significant relationship was
inflammatory eye findings and LDH, white blood cell,
neutrophil, or lymphocyte levels (p=0.308, p=0.694, p=0.535,
and p=0.374, respectively). In univariate analyses, higher CRP
level was associated with a lower prevalence of inflammatory
eye signs (p=0.01). In addition, inflammatory eye signs were
more frequent among patients with low ferritin levels (p=0.006)
(Table 4). However, in multivariate analyses, there was no
statistically significant association between ferritin level and
the frequency of inflammatory eye signs (p=0.087). In contrast,
each 1 mg/dL increase in CRP level was associated with 1.9%
lower odds of detecting inflammatory eye signs (95% confidence
interval [CI}: 3.3%-0.4%; p=0.015). Each additional year of
age increased the risk of inflammatory eye signs by 1.083 times
(95% CI: 1.008-1.163; p=0.030) (Table 5).

There was no statistically significant relationship between
survival and patient sex or presence of HT, DM, or COPD
(p=0.335, p=0.928, p=0.250, and p=0.695, respectively).
Older age was associated with significantly higher risk of death
(p=0.004). Survival was significantly better among patients
for whom respiratory support with noninvasive ventilation
via face mask with reservoir bag was sufficient for treatment
(p<0.001). No significant difference in survival was observed in
patients who received invasive ventilation support with HFOT
(p=0.749). All eight patients who received invasive ventilation
support after intubation died, which was statistically significant

observed between

py

Figure 1. Congestion in a patient being treated in the COVID-19 intensive care
unit

8

(p=0.004). Seven of the 13 cases with inflammatory eye signs
died, which was not statistically significant (p=0.810).

The mortality rate was higher among patients with higher
white blood cell and neutrophil counts (p=0.011 and p=0.024,
respectively). There was no significant relationship between

Table 2. Sociodemographic and clinical characteristics of
the patients

Variable n (%)
Sex

Male 26 (49.1)
Female 27 (50.9)
Age (years)

Mean + standard deviation 69.9:16.0
Median (min-max) 72.0 (19-94)
Noninvasive ventilation with reservoir mask

No 27 (50.9)
Yes 26 (49.1)
Invasive ventilation with high-flow oxygen

;‘zr“l’y 34(64.2)
Yes 19(35.8)
Invasive ventilation by endotracheal tube

No 45 (84.9)
Yes 8(15.1)
Hypertension

No 16 (30.2)
Yes 37 (69.8)
Diabetes mellitus

No 46 (86.8)
Yes 7(13.2)
Chronic obstructive pulmonary disease

No 32 (60.4)
Yes 21 (39.6)
Congestion

No 40 (75.5)
Yes 13 (24.5)
Chemosis

No 50 (94.3)
Yes 3(.7)
Secretion

No 47 (88.7)
Yes 6(11.3)
Survival

Survived 26 (49.1)
Died 27 (50.9)
min: Minimum, max: Maximum

Table 3. Distribution of inflammatory eye findings
Eye findings n
Congestion 113
Secretion 6
Chemosis 3
Subconjunctival hemorrhage 2
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Table 4. Factors associated with the frequency of inflammatory eye findings

Inflammatory eye findings (n=13) No inflammatory eye findings (n=40) | P
Sex, n (%)
Male 3(11.5) 23 (88.5) 0.031"
Female 10 (37.0) 17 (63.0) :
Ventilation type, n (%)
Invasive ventilation 6(22.2) 21(77.8) 0.601!
Noninvasive ventilation 7 (26.9) 19(73.1) ’
Survival, n (%)
Survived 6(23.1) 20(76.9) 0.810"
Died 7(25.9) 20 (74.1)
Age (years)
Mean + SD 77.2+£8.8 67.5+17.2 0.011%
Lactate dehydrogenase,
U/L Mean = SD 384.9:91.1 432.0+156.0 0.308°
C-reactive protein, mg/dL
Mean = SD 86.5+51.2 154.2+86.8 0.010°
White blood cells, x10°/pL
Median (25®-75% percentile) 8.2(10.7-14.8) 8.6(11.2-13.7) 0.694°
Neutrophils, x10°/pL
Median (25-75" percentile) 3.8(5.9-7.9) 3.2(4.9-8.1) 0.535%
Lymphocytes, x10°/pL
Median (25*-75" percentile) 0.5 (0.6-0.8) 0.5 (0.7-0.9) 0.374°
Ferritin, ng/mL
Median (25®-75% percentile) 138.5 (237-603.5) 411 (695-1544.8) 0.006°

"Pearson chi-square test, “Student’s t test, "Mann-Whitney U test, SD: Standard deviation

survival and LDH, CRP, ferritin, or lymphocyte level (p=0.600,
p=0.877,p=0.493, and p=0.239, respectively) (Table 6). Logistic
regression analysis showed that the risk of death was 40.9 times
(95% CI: 6.2-269.9) higher in the group that received invasive
ventilation via HFOT or intubation (p<0.001). With each 1000/
mm’ increase in neutrophil count, the risk of death was increased
by 1.6 times (95% CI: 1.1-2.3; p=0.015) (Table 7).

Discussion

In the SARS-CoV outbreak of 2003, researchers proved that
the coronavirus was transmitted through tears.” After the SARS-
CoV-2 outbreak that started in 2019, the novel coronavirus was
found to have similar infectious properties.'®!"'#!1* Wy et al.”
observed findings such as conjunctival hyperemia, conjunctivitis,
chemosis, epiphora, and increased secretion in 12 (31.6%) of 38
patients with positive nasopharyngeal RT-PCR test results. In
our study, ocular findings were detected in 13 (24.5%) of 53
patients. Wu et al.” reported that two-thirds of the patients
in their study were treated with mechanical ventilation in the
intensive care unit. In our study, 27 (50.9%) of the 53 patients
received mechanical ventilation, and the prevalence of ocular
surface findings we detected is similar to that observed by Wu
etal.”

Zhou et al.'® reported that they prospectively observed
conjunctivitis as an ocular surface examination finding in
8 (6.6%) of 121 patients with positive RT-PCR. However,

their study did not include patients treated in the COVID-19
intensive care unit. The rate of inflammatory findings of the
ocular surface was higher in our study than that reported by
Zhou et al.!® Inflammatory eye signs may be more common in
patients receiving treatment in the intensive care unit.

In another study, conjunctivitis findings were reported in
35 (11.6%) of 301 patients. Of these, 28 patients (9.3%) had
conjunctival hyperemia, 15 (5%) had epiphora, and 12 (3.9%)
had foreign body sensation. When evaluated together with
inflammation markers such as white blood cell, neutrophil,
and lymphocyte counts, CRP, and ferritin level, no significant
relationship was found between ocular surface examination
findings and inflammation markers.”” In our study, we also
observed no link between higher levels of inflammation markers
and the frequency of inflammatory signs of the ocular surface.

Xia et al.® detected no correlation between illness severity
and the frequency of conjunctivitis. However, the results
reported by Wu et al.”® and Guan et al.'"® indicated that the
frequency of conjunctivitis increased in severe illness. According
to their meta-analysis of a limited number of patients, Liu et
al. found no link between the frequency of conjunctivitis and
disease severity."” In our study, the incidence of inflammatory
ocular surface findings was not statistically associated with LDH
level, white blood cell count, neutrophil count, or lymphocyte
count (p=0.308, p=0.694, p=0.535, and p=0.374, respectively).
In addition, multivariate analyses indicated no statistically
significant correlation between ferritin level and the frequency of

9
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Upper

29.46
1.163
0.996

1

95% CI for OR
Lower

0.81

1.008

0.967

0.997

OR

4.884
1.083
0.981
0.999
0.008

0.084
0.030
0.015
0.087
0.058

Wald
2.992
4.733
5.921
2.938
3.586

1S

te analys
S.E.
0.917
0.037
0.008
0.001
2.557

arial

Multiv:
1.586
0.08
-0.019
-0.001
-4.842

18.929
1.105
0.998
0.999
0.931

Upper

95% CI for OR

Lower
1.074
0.997
0.976
0.997
0.053

4.51
1.05
0.987
0.998
0.222

OR

0.040
0.064
0.017
0.030
0.040

Wald
4.236
3.438
5.709
4.689
4.236

S.E.

0.732
0.026
0.005
0.001
0.732

Univariate analysis

1.506
0.048
-0.013
-0.002
-1.506

Table 5. Univariate and multiple logistic regression models of variables associated with the frequency of inflammatory eye findings

C-reactive protein,

Female (ref: Male)
mg/dL

Age
Ferritin, ng/mL
Constant

inflammatory signs on ocular surface examination (p=0.087).
In fact, with each 1 mg/dL increase in CRP level, the odds of
detecting inflammatory signs on ocular surface examination
decreased by 1.9% (95% CI: 3.3%-0.4%; p=0.015) (Table 5).
We found no other study in the literature in which the risk of
detecting signs of ocular surface inflammation decreased with
higher CRP level. This suggests that the increase in ocular
surface inflammation may have been related to dry eye occurring
in the intensive care setting, not due to increased inflammation
associated with COVID-19. Studies evaluating patients treated
in COVID-19 intensive care units using Schirmer test and
fluorescein staining and including larger case series are needed.

In another study of 400 cases, ocular findings were detected
in 38 patients (9.5%). Conjunctival injection was reported
to be the most common ocular finding. Age, sex, fever,
mechanical ventilation, and elevated inflammation markers
were not significantly associated with the frequency of ocular
findings. Although the prevalence of inflammatory ocular
surface findings was lower than in our study, the results were
similar in terms of the lack of a relationship between eye signs
and elevated inflammation markers or mechanical ventilation.”
The higher frequency of inflammatory findings on ocular surface
examination in our study may be because only patients treated in
the COVID-19 intensive care unit were included.

Onciil et al.?' detected inflammarory eye findings in 28
(7.7%) of the 359 patients in their study. Of these, 294 patients
were treated in the ward and 65 were treated in the COVID-
19 intensive care unit. Among the 65 intensive care patients,
inflammatory eye findings were detected in 4 patients (6.2%).
Whereas we included only patients with positive RT-PCR
results in our study, Onciil et al.?' considered it sufficient for
patients to be diagnosed based on lung tomography and clinical
evaluation as well as by RT-PCR test for SARS-CoV-2. In our
study, the prevalence of inflammatory findings on ocular surface
examination was 24.5%, which is a higher rate than reported
by Onciil et al.?! Unlike Onciil et al.?, we defined RT-PCR
positivity as a required criterion for the diagnosis of SARS-CoV-2
infection. This may explain the difference in results between the
two studies.

In another study conducted prospectively in the intensive
care unit before the SARS-CoV-2 pandemic, Onciil and Yekrtag?
observed inflammatory signs such as conjunctivitis and increased
secretion that required an ophthalmology consultation in 29
(31.2%) of 93 patients. Johnson and Rolls® reported that ocular
surface problems were seen in 23-60% of intensive care patients.
The higher frequency of ocular surface inflammation findings
in the COVID-19 intensive care unit may also be related to the
conditions in the intensive care unit. Some of the inflammatory
signs observed on ocular surface examination in our study may
have been a result of problems such as bacterial conjunctivitis.
This prospective study was conducted exclusively with patients
in the COVID-19 intensive care unit. Therefore, it differs from
many other studies, which may explain why our results are
different from previous studies in the literature. Further research
with larger case series is needed on this subject.

CI: Confidence interval, OR: Odds ratio
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Table 6. Factors associated with survival

Survived (n=26) Died (n=27) P
Sex, n (%)
Male 11 (42.3) 15 (57.7) 0335!
Female 15 (55.6) 12 (44.4) o
Noninvasive ventilation via mask with reservoir bag, n (%)
No 5 (18.5) 22 (81.5) "
Yes 21(80.9) 5(19.2) <0.001
Invasive ventilation via high-flow oxygen therapy, n (%)
No 25(73.5) 9(26.5) 0.749?
Yes 15 (78.9) 4(21.1)
Invasive ventilation via endotracheal tube, n (%)
No 26 (57.8) 19 (42.2) 0.004°
Yes 0(0) 8 (100)
Hypertension, n (%)
No 8(50) 8(50) 0.928!
Yes 18 (48.6) 19 (51.4)
Diabetes mellitus, n (%)
No 21 (45.7) 25 (54.3) 0.250°
Yes 5 (71.4) 2 (28.6)
COPD, n (%)
No 15 (46.9) 17 (53.1) 0.695"
Yes 11 (52.4) 10 (47.6)
Inflammatory eye findings, n (%) ;
No 20(76.9) 20 (74.1) 0.810
Yes 6(23.1) 7(25.9)
Age 5
Mean + SD 63.5+17.5 76+11.8 0.004
LDH, U/L .
Mean = SD 409.8+142.3 430.7+146.5 0600
Neutrophils, x10°/pL ,
Mean = SD 49425 6.7+3.1 0.024
Lymphocytes, x10°/pL 0.239°
Mean + SD 0.7£0.3 0.7+0.3 ‘
CRP, mg/dL 3
Mean + SD 139.4+96.8 135.8+72.2 =
White blood cells, x10°/pL 0.0114
Median (25®-75% percentile) 7.5(9.8-12.4) 9.3(12.2-17.7) '
Ferritin, ng/mL 0493
Median (25®-75% percentile) 232.8 (497.5-1137.8) 287 (573-1577) ’

"Pearson chi-square test, “Fisher’s exact test, *Student’s ¢ test,  Mann-Whitney U test, COPD: Chronic obstructive pulmonary disease, SD: Standard deviation, LDH: Lactate dehydrogenase,

CRP: C-reactive protein

Table 7. Multiple logistic regression model of variables associated with survival

B S.E. Wald P OR 95% CI for OR
Lower Upper
Mask with reservoir bag (ref: Yes) 3.713 0.962 14.906 <0.001 40.9 6.2 269.9
Neutrophils, x103/pL 0.453 0.186 5.91 0.015 1.6 1.1 2.3
Constant -0.796 0.978 0.662 0416 0.451

CI: Confidence interval, OR: Odds ratio
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Study Limitations

During the COVID-19 pandemic, many hospitals have
dedicated intensive care units to patients with COVID-19. A
similar study with a control group of individuals being treated
in a different intensive care unit for reasons other than COVID-
19 may yield more accurate results. In our study, patients
treated in the COVID-19 intensive care unit were not evaluated
for pulmonary involvement by computed tomography, and
a positive RT-PCR test was the only criterion considered for
COVID-19 diagnosis. A link may be detected between increased
inflammation in the lungs on computed tomography and
inflammatory eye signs. A study including patients who have
negative RT-PCR results but a history of COVID-19 contact
and consistent computed tomography findings could yield
different results. In addition, conjunctival RT-PCR samples
were not obtained from patients with ocular surface findings
because the RT-PCR kit available in Turkey can only detect virus
in oropharyngeal/nasopharyngeal swab samples. In the future,
new studies should be conducted using conjunctival RT-PCR
kits. Another limitation of the study is that in the retinopathy
screening, patients were only evaluated for findings expected to
increase in COVID-19, such as intraretinal hemorrhage, Valsalva
retinopathy, and optic neuritis. For example, the frequency of
hypertensive retinopathy could be found to be correlated with
mortality and ocular findings in COVID-19 intensive care.
New studies on this subject are needed. The patients were not
evaluated with Schirmer and fluorescein staining tests. New
studies can be planned taking into consideration the possible
role of dry eye in ocular findings. The new drugs that have
recently been introduced due to the SARS-CoV-2 pandemic
may also cause inflammatory findings on the ocular surface, thus
warranting further investigation.

Conclusion

The results of this prospective study showed that 24.5% of
patients treated in a COVID-19 intensive care unit exhibited
inflammatory signs such as congestion, secretion, and chemosis
on ocular surface examination. Examination of the ocular surface
is important in patients receiving intensive care for COVID-19,
and ophthalmologists have an important duty in this field.
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Short-Term Clinical Results of Preferred Retinal Locus
Training
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Abstract

Objectives: This study evaluated acoustic biofeedback training using microperimetry in patients with foveal scars and an eligible
retinal locus for better fixation.

Materials and Methods: A total of 29 eligible patients were enrolled in the study. The acoustic biofeedback training module in the
MAIA (Macular Integrity Assessment, CenterVue®, Italy) microperimeter was used for training. To determine the treatment efficacy, the
following variables were compared before and after testing: best corrected visual acuity (BCVA); MAIA microperimeter full threshold 4-2
test parameters of average threshold value, fixation parameters P1 and P2, and bivariate contour ellipse area (BCEA) for 63% and 95%
of fixation points; contrast sensitivity (CSV 1000E Contrast Sensitivity Test); reading speed using the Minnesota Low-Vision Reading
Test (MNREAD reading chart); and quality of life (NEI-VFQ-25). In addition, fixation stability parameters were recorded during each
session.

Results: The study group consisted of 29 patients with a mean age of 68.72+8.34 years. Median BCVA was initially 0.8 (0.2-1.6)
logMAR and was 0.8 (0.1-1.6) logMAR after 8 weeks of preferred retinal locus training (p=0.003). The fixation stability parameter P1
improved from a mean of 21.28+3.08% to 32.69+3.69% (p=0.001) while mean P2 improved from 52.79+4.53% to 68.31+3.89%
(p=0.001). Mean BCEA 63% decreased from 16.11+2.27°% to 13.34+2.26°? (p=0.127) and mean BCEA 95% decreased from
45.87+6.72°% to 40.01+6.78°% (p=0.247) after training. Binocular reading speed was 38.28+6.25 words per minute (wpm) before
training and 45.34+7.35 wpm after training (p<0.001). Statistically significant improvement was observed in contrast sensitivity and
quality of life questionnaire scores after training.

Conclusion: Beginning with the fifth session, biofeedback training for a new trained retinal locus improved average sensitivity, fixation
stability, reading speed, contrast sensitivity, and quality of life in patients with macular scarring.

Keywords: Low vision rehabilitation, microperimetry, preferred retinal locus training
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Introduction

Macular diseases affect a significant number of people
worldwide. Most are over 60 years old and suffer from age-
related macular degeneration (AMD). With increasing life
expectancy, quality of life has become an important concern, and
investigations aiming to improve or maintain visual performance
are increasing.'

The human brain contains maps of the retina on the
surface of the occipital lobes, called retinotopic maps. In
patients with macular degeneration, the loss of foveal input
leads to deprivation in the cortical regions responsive to foveal
stimuli. Consequently, cortical neurons located in the retinotopic
position corresponding to the scotoma receive some degree of
activity from the unimpaired neurons in the area surrounding
the lesion. Over time, these weak connections are gradually
reinforced. The system eventually evolves into a new stable
state in which every neuron again receives the same amount
of activity from the source layer. The brain’s ability to adapt
its function and structure to recover visual function is called
neuroplastic capacity.”? This reorganization of visual cortex has
been shown by functional magnetic resonance imaging studies
in early childhood foveal vision loss.* However, Baseler et al.’
demonstrated that large-scale remapping does occur in the adult
brain. This raises concerns about peripheral reorganization in the
retina, especially the macula.

As is known, some patients with foveal scar start to use
extrafoveal areas of the retina to compensate within 6 months.
This is called eccentric fixation, and the eccentric region of the
peripheral macula selected for fixation is called the preferred
retinal locus (PRL).° As demonstrated in a study by Shima et al.°,
the PRL is not always the area with the highest retinal sensitivity
or ability to provide the best visual function and fixation
stability. This finding led to the new concept of a trained retinal
locus (TRL) selected from among the PRL used for fixation. To
determine the TRL, the locus that is closest to the fovea and
has the highest retinal sensitivity is preferred to offer the best
potential visual acuity (VA).%® However, eyes with foveal scars
were not able to achieve stable fixation at these selected points,
which decreased their quality of vision. To solve this problem,
several rehabilitation strategies have been developed to increase
fixation stability.”® The biofeedback training technique (BFT)
proposed by Nilsson et al.® and Fujii et al.?, which uses a software
module incorporated in a microperimeter, appears to be the most
promising of these rehabilitation methods.

The BFT system uses audible and visible feedback signals
to help patients identify and train the optimal retinal area and
improve fixation and related tasks. Patients are asked to perform
specific ocular movements to align a selected retinal locus with
a visual target. This locus is either the PRL determined by the
device software or a new locus determined from among patients’
fixation points using special criteria. The latter is called a TRL.
Biofeedback audio signals (beeping sounds) aid patients during
the oculomotor task by increasing the auditory frequency as
the target approaches the desired alignment.'* This biological

feedback causes the intercellular neurotransmitters to increase
and establish cerebral links faster than the normal process.”"
Additionally, acoustic stimulation increases the patient’s
conscious attention and prolongs the time that the fixed image of
the object is on the retina. It configures the relationship between
neurons in the retina and brain. The theory of the remapping
phenomenon is based on this explanation.!®1%1314

In the literature, a few studies and case reports have described
promising outcomes with BFT. Even oculomotor exercises
performed in BFT have been shown to improve fixation stability
using either PRL or TRL. However, there is no consensus on
the optimal duration, number of training sessions, or effect on
patient quality of life>!*1>16.17.18

Our study aimed to assess the short-term efficacy of BFT on
fixation stability. To better understand this effect, we analyzed
intersessional changes in fixation parameters. Furthermore, we
evaluated the effect of BFT on contrast sensitivity and quality of

life in addition to reading speed.

Materials and Methods

This study is based on a non-comparative case series of
patients with bilateral macular scarring treated in the retina
unit of Selcuk University Faculty of Medicine, Department of
Ophthalmology. The study protocol was designed according
to the ethical principles of the Declaration of Helsinki and was
approved by the Ethics Committee for Non-invasive Clinical
Research of the Selguk University Faculty of Medicine. Among
the patients with macular disease, those whose disease was
inactive for at least 1 year were included. Patients with any other
ocular disease that might affect retinal sensitivity or hearing
loss were excluded because it could hinder compliance with the
training while receiving audio signals from the device. After
explaining the purpose and possible consequences of the study,
informed written consent was obtained from all subjects.

All patients underwent a complete ophthalmological
evaluation, including best-corrected VA measurement with
Snellen chart, biomicroscopic examination of the anterior
segment and dilated fundus examination. VA values obtained
by Snellen chart (in decimal) were converted to logMAR for
statistical analysis using the following established formula:
logMAR =log" (1/VA).

Eligible patients underwent a full-threshold 4-2 test using
the MAIA (CenterVue®, Padova, Italy) microperimeter to
evaluate localization and fixation stability in a 10-degree area
consisting of 37 measurement points. Fixation stability was
measured in two ways:

1. Calculating the percentage of fixation points located
within a distance of one degree and two degrees, respectively (P1
and P2)."" If more than 75% of the fixation points were located
within P1, the fixation was classified as stable. If less than 75%
of the fixation points were located within P1 but more than 75%
of the fixation points were located within P2, the fixation was
classified as relatively unstable. If less than 75% were located
within P2, the fixation was classified as unstable.
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2. Calculating the bivariate contour ellipse area (BCEA),
which is believed to be the most representative fixation stability
parameter. It represents the area of an ellipse that encompasses a
given proportion of fixation points based on standard deviations
of the horizontal and vertical eye positions during the fixation
procedure. BCEA 95% describes the area that includes 95% of
retinal loci and BCEA 63% represents the area containing 63%
of retinal loci used for fixation.

With improvements in fixation stability, P1 and P2 values
are expected to increase while BCEA 95% and 63% decrease.'>*

Patients showing eccentric and unstable fixation according
to the software were recruited for the study. If both eyes fulfilled
the criteria, the eye with lower VA was preferred. The decision
to proceed with TRL was based on the locations of the initial
and final PRL, which were determined automatically by the
microperimeter software, and the location of the scotoma.

The initial PRL was determined after the first 10 seconds of
the examination, the point when patients make their strongest
effort to hold a steady fixation (labeled with a pink dot in
the data). This point determines the center of the MAIA
(CenterVue®, Padova, Italy) stimuli grid. The final PRL,
labeled with a blue dot in the printout, is found at the end
of the MAIA examination and serves as the reference point
for calculating fixation stability. Patients with stable fixation
will present both PRLs in the same anatomical location, while
longer distances between PRLs show more unstable fixation and
lower VA. To estimate the TRL, the initial and final PRLs, the
BCEA including all fixation points, the size and extent of the
scotoma, and location of the fovea are evaluated. Among the
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fixation points, the one closest to the estimated fovea but the
farthest possible distance from the scar in the superior quadrant
is preferred. Additionally, to facilitate reading tasks, a fixation
locus with horizontal neighbor points and high sensitivity in the
superior quadrant is chosen as the TRL.?!

For eligible patients who had a suitable TRL and were
willing to participate regularly in the training program, the
average threshold of retinal sensitivity and the values for P1, P2,
and BCEA in the full threshold 4-2 test were recorded (Figure
la, b).

To better determine the effects of the rehabilitation program,
contrast sensitivity was tested using the CSV 1000E Contrast
Sensitivity Test (VectorVision® Dayton, OH) at 8 feet and
reading speed was assessed using the Turkish version of the
MNREAD reading chart, with reading glasses under adequate
lighting conditions. Reading acuity, critical print size, and
maximum reading speed were calculated according to the
instructions for the reading cards.”? Reading speed and contrast
sensitivity tests before and after treatment were performed in
the same room, in the same ambient lighting, and at the same
time of day.

Additionally, the impact of treatment on quality of life was
evaluated with the Turkish version of the 25-item National Eye
Institute Visual Function Questionnaire (NEI-VFQ-25).? This
questionnaire is composed of 12 groups of questions regarding
general health (1 item), general vision (1 item), ocular pain (2
items), near vision (3 items), distance vision (3 items), social
functioning (2 items), mental health (4 items), role limitations
(2 items), dependency (3 items), driving (2 items), color vision
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Figure 1. The change in the fixation area used by the patient after training sessions. According to the MAIA (CenterVue®, Padova, Italy) normative studies, the decibel
scale is color-coded where green represents normal values, yellow suspect, red abnormal, and black absolute scotomas. (a) The sensitivity map before training demonstrates
difficulty in fixation. (b) In the new sensitivity map (after treatment), assessment of the same area demonstrates convergence of the blue fixation points, indicating more

stable fixation behavior
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(1 item), and peripheral vision (1 item). The points received
from these sections and the overall average score was calculated
and analyzed. The questions were read to the patients and their
scores were recorded by a nurse (S.0.). The total point calculation
and data analysis were performed by the first researcher (A.B.O.).

Outcome parameters included best corrected VA; fixation
stability parameters P1, P2, and BCEA 63% and 95%; contrast
sensitivity; reading speed; and quality of life. P1, P2, BCEA
63%, and BCEA 95% values were recorded at the end of each
session for analysis of changes in fixation parameters during
training. To analyze changes after training, the parameters were
reassessed 1 week after the training program and compared with
pretreatment values.

Exercise Techniques

Patients were invited to TRL treatment preferably on the same
day and time each week during the 8-week testing period. There is
no consensus in the literature about the optimum duration of the
training program. Based on experiences in similar studies and to
increase the likelihood of adherence to the program, we scheduled
8 sessions once per week for 10 minutes.'® Patients were allowed to
rest for 15 minutes before training. During the 10-minute exercise,
patients tried to fix their eyes on the previously determined TRL
point. As the patient got closer to the targeted fixation locus, they
heard a sound increasing in volume as well as positive comments
from the clinician, who was reading from the screen. The patients
were also asked to remember the gaze movement performed during
the training sessions and try to reproduce the same movement in
their daily lives when attempting to focus on a target.

Statistical Analysis

All obtained data were uploaded to the software after proper
encoding. The Statistical Package for the Social Sciences version
18.0 (SPSS, Inc., Chicago, IL, USA) Windows software package
was used for the statistical analysis. The data were analyzed
for normal distribution. Best corrected VA was analyzed with
Mann-Whitney U-test; other parameters were analyzed using
the parametric paired t-test. Data obtained during follow-up
were evaluated using a repeated measures test. If any significant
change was detected, the data were analyzed in paired groups
using the paired t-test. For all analyses, p<0.05 was considered
statistically significant.

Results

A total of 29 patients with a mean age of 68.72+8.34 years
at enrollment met the selection criteria and agreed to participate
in the study. Eighteen (62.1%) of the patients were men and
11 (37.9%) were women. There was no significant difference
between male and female patients in terms of age (p>0.05). In
27 of the patients, AMD was the etiology of the central scotoma,
and trauma was the cause in the remaining 2 patients. Of the
AMD patients, 13 had geographic atrophy and 14 had disciform
scars. Patients who completed all training sessions are analyzed.

The median value for best-corrected VA was initially 0.8
(0.2-1.6) logMAR and increased to 0.8 (0.1-1.6) logMAR after 8
weeks of PRL treatment. This change was statistically significant

(p=0.003). Median best-corrected VA in the fellow eye was
0.5 (0.0-1.0) logMAR. The mean average threshold value was
12.96+1.16 dB before training and showed a slight increase
to 13.24+1.33 dB, but it was not significant in the statistical
analysis (p=0.900).

Before training, fixation stability parameters P1 and P2 were
21.28+3.08% and 52.79+4.53%, respectively. After training,
the values increased to 32.69+3.69% for P1 (p=0.001) and
68.31+3.89% for P2 (p=0.001). BCEA 63% was 16.11+2.27
deg? before training and decreased to 13.34+2.26 deg’ after
training. Similarly, BCEA 95% decreased from 45.87+6.72 deg?
before training to 40.01+6.78 deg? after training. However, these
changes were not statistically significant (p=0.127 and p=0.247,
respectively) (Figure 2). Further subgroup analysis of initial
and final VA and fixation parameters P1, P2, BCEA 63%, and
BCEA 95%, according to scar etiology (geographical atrophy,
disciform scar, or trauma) revealed no statistically significant
difference before and after treatment (p=0.77, p=0.67, p=0.33,
p=0.98, p=0.46, p=0.96, p=0.98, p=0.87, p=0.91, and p=0.85,

respectively).
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Figure 2. P1 and P2 values were significantly increased in full-threshold 4-2 tests
conducted after preferred retinal locus training compared to before training. Despite
favorable changes in BCEA 63%, BCEA 95%, and average threshold, they were
not statistically significant
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Figure 3. P1 and P2 values recorded over 8 sessions show a significant increase
after session 5, while no significant changes were observed in BCEA 63% and
BCEA 95% values
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The intersession variation of fixation parameters P1 and
P2 values showed a consistent rise in each session. Statistical
analysis of intersessional change showed statistically significant
increases after the fifth session compared to the pre-training
value (p<0.001). BCEA 63% and BCEA 95% demonstrated
fluctuations in each session with no statistically significant
difference (p>0.05) (Figure 3).

Contrast sensitivity was evaluated at four different spatial
frequencies: 3, 6, 12, and 18 cycles/degree. The pre- and post-
training values at each frequency demonstrated a statistically
significant increase (p<0.001, p<0.001, p=0.01, and p=0.001,
respectively). For reading speed, the mean values for reading
acuity, critical print size, and maximum reading speed (words
per minute) changed significantly at the final visit compared to
before training (p<0.001 for all parameters) (Table 1).

The quality of life questionnaire results showed statistically
significant improvement in overall composite scores and all

sections except general health and ocular pain. The scores are
shown in Table 2.

Discussion

According to data from the World Health Organization
(WHO), there are 285 million people with low vision
worldwide.”® Over the years, several rehabilitation methods
have been developed for this group of patients. Equipment such
as magnifiers, text shifting, or prisms is focused on improving
reading skills.*?*® To improve perceptual skills, rehabilitation
methods such as training based on eccentric imaging, oculomotor
control, and perceptual learning were introduced.”®*” They
enable effective sensitivity improvement through technical
training and can be easily implemented during clinical practice
because they do not require expensive equipment.”® Research
on integrating perceptual and oculomotor training to induce a
new fovea was further developed with the addition of auditory

Table 1. Contrast sensitivity and reading speed before and after treatment

Pre-treatment Post-treatment

(mean * SD) (mean * SD) p value
Contrast sensitivity
3 cycles/degree (A) 1.07+0.056 1.19+0.061 p<0.001
6 cycles/degree (B) 1.23+0.051 1.36+0.061 p<0.001
12 cycles/degree (C) 0.91+0.05 1+0.056 p=0.01
18 cycles/degree (D) 0.37+0.04 0.48=0.05 p=0.001
MNREAD reading chart
Reading acuity 1.05:0.05 0.96:0.06 p<0.001
The critical print size 1.12:0.04 1.07£0.05 p<0.001
Maximum reading speed (wpm) 38.28+6.25 45.34+7.35 p<0.001
SD: Standard deviation, wpm: Words per minute
Table 2. Quality of life questionnaire scores before and after treatment

Pre-treatment Post-treatment

(mean * SD) (mean + SD) o
General health 46.552+25.63 48.276+24.93 p:0.480
General vision 30.172+29.41 43.965+28.07 p<0.001
Ocular pain 72.413+19.30 75+20.04 p=0.083
Near activities 30.169+21.29 42.239+21.47 p<0.001
Distance activities 24.699+20.35 31.319+20.97 p<0.001
Social functioning 34.052+24.52 44.396+23.76 p<0.001
Mental health 27.802+18.26 34.482+19.23 p<0.001
Role difficulties 18.534+19.93 23.706+20.41 p=0.001
Dependency 30.170+28.90 34.480+27.52 p=0.001
Driving (n=3)* 58.33+8.33 66.663+8.33 p=0.102
Color vision 34.483+27.88 43.965+26.43 p=0.001
Peripheral vision 28.448+27.32 35.345+24.56 p=0.005
Overall composite score 32.945+17.81 40.795+16.97 p<0.001
SD: Standard deviation, *Only 3 of the patients were driving
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feedback.® In some studies, additional oculomotor exercises at
home following training were shown to increase reading speed
and decrease smallest readable font size.”

This rehabilitation method uses eccentric imaging to look
directly at the relatively healthy retina locus to improve
visual function. The retinal locus, called a TRL, is in an area
advantageous to reading.’’ Nilsson et al.® reported initial
outcomes for TRL training and found improved reading rates in
scotomatous eyes following 5.4 hours of training with scanning
laser ophthalmoscope. Watson et al.’” trained the better-seeing
eye and reported that the development of a TRL was easy and
fast. In contrast, Baker et al.* observed that eyes with more severe
foveal scarring were more prone to reorganization. In our study,
we also preferred the weaker eye for training, and the patients’
improvement after training supported this hypothesis.

Initial trials were performed with basic systems like the
AccommotracVision Trainer, Visual Training System (VTYS),
or the Improved Biofeedback Integrated System (IBIS).'%%
Significant advancements in rehabilitation methods have been
made by developing a software package uploaded to the
microperimeter. There are a few studies in the literature
reporting the therapeutic outcomes of visual rehabilitation
programs containing an auditory feedback mechanism in several
disorders, including nystagmus, AMD, glaucoma, anisometropia,
amblyopia, retinitis pigmentosa, oculocutaneous albinism,
myopic maculopathy, vitelliform dystrophy, posttraumatic
macula scarring, and cone dystrophy.'* These studies differ in
several aspects. Some evaluated training the PRL to increase
fixation stability, while some identified a TRL and trained
to force fixation on that point. In addition, the intensity,
frequency, and duration of training were different. Establishing
the optimum training program required to transport the central
fixation locus to the nearby healthy retinal locus permanently is
already a challenge.”*?

Two devices currently use this available software training,
the MP-1 (Nidek Instruments, Italy) and MAIA (CenterVue®,
Padova, Italy). Although the purpose is similar, there are small
differences that hinder a head-to-head comparison. The MP-1
does not present objective fixation stability parameters like P1,
P2, or BCEA. Typically, reading speed and VA are assumed to be
primary outcomes in studies. Vingolo et al.'® reported improved
results in 15 AMD patients who underwent bilateral BFT
with the MP-1 device in 10 weekly 10-minute sessions. They
claimed that 5 follow-up training sessions every 3 months would
maintain visual performance. In 2009, Tarita-Nistor et al.’
applied BFT using the MP-1 device for 5 sessions lasting 1 hour
to relocate the PRL and reported improved fixation stability and
better reading performance. In another study, Raman et al.*®
applied BFT to both eyes with myopic maculopathy using the
MP-1 device and demonstrated that VA did not change after
exercise; only retinal sensitivity and fixation stability improved.
The most extensive study with the longest follow-up using
MP-1 was conducted by Pacella et al.**, who reported results for
171 eyes of 99 patients. They applied 16 TRL training sessions

and showed improved VA in 76% of the patients. Of those,
19.2% lost the benefits of training after 12 months.

Our study conducted with the MAIA microperimeter
resulted in significant improvement in best-corrected VA,
average retinal sensitivity, and fixation stability parameters
P1 and P2 after 8 sessions of BFT. The initial values were
16.11+2.27 deg® for BCEA 63% and 45.87+6.72 deg® for
BCEA 95%. Normal values for BCEA 95% and 63% in the
MAIA microperimeter are 2.40+2.04 deg? and 0.80+0.68
deg?, respectively BCEA 63% and BCEA 95% have been
reported to serve as an accurate, independent parameter with
which to evaluate fixation stability.!” Although not statistically
significant, a decline in BCEA 63% and BCEA 95% values were
observed at the end of this study. The lack of significance could
be explained by the low number of subjects included and fewer
training sessions than recent studies, which typically scheduled
10 sessions.' 123638

We preferred to train the optimum locus with higher
sensitivity, which we believe would enhance plasticity more
efficiently. Recent studies support our hypothesis. Morales et
al.” compared training for the PRL and TRL and suggested
that a selected TRL would improve fixation stability more
after training. They postulated that spontaneously developed
plasticity reflects a compensatory motor pattern rather than
true recovery and that selected locus training may enhance
plasticity more efficiently. Raman et al.* also showed improved
fixation stability and retinal sensitivity after TRL training that
was maintained at 1-year follow-up. In a study reporting the
outcomes of PRL therapy in AMD patients, Vingolo et al.'’
found no statistically significant change in best corrected VA but
reported significant improvements in font size and reading rates.
Vingolo et al.”” reported that the P100 latency of visual-evoked
potentials (VEP) changed significantly between pre- and post-
treatment examinations. However, the effect of this finding on
daily life is unknown.

In another study evaluating BFT with the MAIA
microperimeter, 9 patients underwent macular hole surgery
and 3 BFT sessions lasting 10 minutes each. Within 3 months,
the patients showed a statistically significant increase in best
corrected VA. Their fixation stability, BCEA 63%, and reading
speed also improved but nonsignificantly, like the BCEA 63%
values in our study. The investigators attributed the results to
the small number of subjects in their study*” In our opinion,
the low number of sessions may also have influenced the study
outcome. Pacella et al.** conducted a study with a larger sample
size and demonstrated a statistically significant improvement
in best corrected VA, reading rate, and fixation behaviors. The
etiology of macular scar might be another confounding factor
contributing to the different results obtained in various studies.
We enrolled patients with disciform scar, geographic atrophy,
and traumatic macular scar in this study. However, subgroup
analysis demonstrated no statistically significant difference in the
short-term evaluation. As macular degeneration is progressive,
unlike macular hole or traumatic scar, different long-term
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outcomes might be expected with different durations of training.

As the training process is static, assessing function during
dynamic situations is essential because they occur in everyday
life with moving objects or when performing tasks involving
eye movement such as reading. According to our data, the new
TRL appeared to improve reading speed, contrast sensitivity,
and quality of life. Our study findings should be considered
preliminary, as this is the first study on this training method
to address contrast sensitivity and quality of life. The data
demonstrated statistically significant improvements in contrast
sensitivity at all spatial frequencies, a finding consistent with
substantial improvement in other parameters (VA, reading
speed, and fixation stability). Our results indicated that TRL
treatment made positive contributions to visual quality. This
promising effect was also observed in two patients with a VA
higher than 0.4 logMAR who were enrolled due to unstable
fixation parameters and complaints about reading. As their
number was limited, a subgroup analysis according to VA level
could not be performed. However, these patients showed a 1-line
increase in VA and slight improvement in fixation parameters
after training, which in turn improved their reading speed and
quality of life according to questionnaire scores.

The Turkish version of the NEI-VFQ was used to compare
quality of life before and after treatment. Except for general
health and ocular pain, the overall scores changed significantly
with treatment. Few studies have utilized this questionnaire
after PRL treatment. A re-evaluation of the NEI-VFQ-25
questionnaire after exercises revealed statistically significant
changes consistent with our study findings.* Scuderi et al.'*
implemented BFT for TRL in a patient with Stargardt disease
who experienced reduced VA over the previous 3 years. Based on
the NEI-VFQ-25 quality of life questionnaire, they observed an
increase in VA, reading speed, and overall satisfaction. A meta-
analysis conducted by Hamade et al.*' showed that eccentric
viewing training caused the most improvement in reading speed
among the low-vision rehabilitation strategies. However, there
was no significant effect on the scores for depression.

The total number of BFT sessions required for permanent,
stable fixation is unclear. In most studies, the BFT program
was designed as 10 sessions of 10 minutes each, although
session numbers ranging from 3 to 16 have been reported in
the literature.”?***#> For our study, we preferred a program
consisting of 8 sessions of 10 minutes each. This schedule was
in response to the difficulty in adhering to hospital visiting
rules for AMD patients due to age and poor vision. Based on our
follow-up sessions, the changes in the P1, P2, and BCEA showed
that fixation stability increased in each session. Changes in the
P1 and P2 percentages became significant after the fifth session
(p=0.001). This finding should be considered when planning a
training schedule.

In their study, Estudillo et al.®® showed improvement in
VA, fixation parameters P1 and BCEA 95%, and reading speed
after 1 week. They claimed that the short duration of treatment
enabled them to attribute the changes directly to the treatment.
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In our study, we also repeated the assessments 1 week after the
last session to determine the real effects of BFT.

Despite promising results, the effect of training duration
is unknown. Ratra et al.”® reported continued effects up to 6
months with a slight reduction in fixation stability. Raman
et al.’® observed that these changes continued during the
1-year follow-up period and suggested that treatment provided
permanent results through the mechanism of remapping between
retinal neurons and the brain. Morales et al.” also showed a slight
reduction in fixation parameters after 3 months and scheduled
two sets of 12 weeks with 3-month intervals between sets. They
suggested that training for more extended periods was needed to
achieve permanent results.

We do not plan any long-term follow-up visits because the
underlying disease is progressively fibrotic. Any deterioration
might be associated with fibrosis instead of the dwindling effects
of training. However, repeated training might be useful.

Laterality is another source of bias related to this visual
rehabilitation method among studies. Bilateral training was
done in some studies. We preferred the worse eye to avoid
adverse effects like diplopia. Estudillo et al.®® preferred the same
approach.

Another confounding factor in our study was the selection
criteria for the training eye. However, as our subjects were old
and had central scotoma, the dominant eye was difficult to
determine. We preferred the worse eye with more severe foveal
scarring for treatment because it was shown to present better
reorganization capacity.’ The TRL was one of the existing
fixation points and the effect of eye dominance was already
reflected in the reference microperimetry, which we used to
schedule the training. Additionally, treatment outcomes were
also assessed monocularly except for the measurement of reading
speed and the NEI-VFQ-25 questionnaire. The outcome of
both outcome parameters should be evaluated regarding this
confounding factor.

With prolonged life expectancy in the modern world,
the number of AMD patients is increasing significantly. This
increase, in turn, has added to the number of AMD patients
with macular scars. Because the disease gives rise to central
scotoma, serious problems may arise in patients’ daily activities,
particularly their reading activity, as reflected in the quality
of life questionnaire. A locus with higher sensitivity in the
peripheral retina outside of the fovea may provide higher visual
quality as a means of adaptation. The goal of BFT is to enable the
patient to use that selected area for visual tasks.

Conclusion

Our results demonstrated that patients with macular scar
might improve during an 8-session BFT program on the selected
TRL and that this adaptation positively affects reading speed,
contrast sensitivity, and quality of life in patients with impaired
fixation stability. Patients should have good comprehension skills
for effective training. To our knowledge, age-related hearing loss
is frequent among AMD patients.” This fact should be kept in
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mind when selecting eligible patients. Our short-term follow-up
revealed significant improvement in fixation parameters after the
fifth BFT session. The optimum duration and session interval
for maintenance of training effects is already a matter of debate
that should be addressed in further studies. Etiology of macular
scar seems to be insignificant in the short term, but its effects in
the long term should be evaluated with regard to the duration
of improvement in fixation stability. The need for repeat sessions
and frequency of control visits are major issues that should be
addressed in the future. However, the effect of TRL training on
reading and daily life is promising for low vision rehabilitation.
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Abstract

Objectives: To evaluate fixation stability and characteristics of the preferred retinal locus (PRL) in patients with advanced age-related
macular degeneration (AMD).

Materials and Methods: Sixty-three eyes of 63 patients with AMD who presented to the low vision unit were included in this
prospective study. Sociodemographic characteristics, eye examination findings, and reading performance results with the Minnesota Low
Vision Reading test were evaluated. Microperimetry was used to evaluate fixation stability and PRL characteristics.

Results: There was unstable fixation in 68% of the eyes, relative stable fixation in 27%), and stable fixation in 5%. The mean PRL-
foveal distance was 5.15°+3.31° (range 0.75°-14.2°). PRL-foveal distance was greater in cases with unstable fixation than cases with
stable fixation (p=0.023). Distance of the PRL from the lesion margin was not associated with absolute scotoma size or fixation stability
(p=0.315, p=0.095, respectively). PRLs were most frequently located in the nasal quadrant (31%), followed by the superior quadrant
(26%) of the retina. There was no significant relationship between PRL location and fixation stability (p=0.088). Fixation stability was
significantly associated with reading speed (p=0.003).

Conclusion: In advanced AMD, PRL-foveal distance is an important factor in fixation stability. Knowing the factors that affect fixation
stability may be important in determining low vision rehabilitation strategies for these patients because of the strong association between
fixation stability and reading speed.

Keywords: Low vision rehabilitation, fixation stability, microperimetry, preferred retinal locus, age-related macular degeneration

Introduction Microperimetry devices are currently used to evaluate the
properties and stability of PRLs.” According to the literature,
77% to 100% of patients with central scotoma develop a
PRL,"¢7# which is most commonly located in the nasal and
superior retinal quadrants in AMD,”? and fixation stability was
shown to be associated with PRL to fovea and lesion margin
distances, lesion size, and distance visual acuity.'*!° Studies have

In age-related macular degeneration (AMD), loss of retinal
sensitivity at the macula causes central scotoma, thereby
reducing visual acuity and fixation stability and leading to loss
of central fixation. This causes difficulty in the performance of
daily activities such as reading.!” Oculomotor adaptation results
in the formation of well-defined “preferred retinal loci” (PRLs) in

the healthier regions of the retina that focus on visual targets.” also demonstrated a strong correlation between fixation stability

and I'eadiflg Speed 11,12,13,14,15,16,17
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As reading speed is highly affected by fixation stability,
interventions that increase fixation stability are prioritized in
modern low vision rehabilitation. Microperimetric PRL training
with acoustic and visual stimuli (trained retinal locus; TRL)
can increase fixation stability and improve reading speed.'®'?*
Sahli et al."” reported an increase in reading speed and quality
of life with TRL training performed with microperimetric
biofeedback signals in patients with central scotoma, most of
whom had AMD. Therefore, evaluating fixation stability and
PRL characteristics is essential in central scotoma.

This study aimed to identify factors associated with fixation
stability in advanced AMD and enable our results to be
applied in visual rehabilitation to increase reading speed and
quality of life. There are few studies in the literature that have
analyzed PRL characteristics microperimetrically in such detail,
including fixation stability and reading speed, and these studies
must also be conducted in languages with different reading
directions. Knowing the factors affecting PRL characteristics
and stability to increase fixation stability during PRL training
with microperimetric acoustic and visual biofeedback signals
will guide treatment planning, implementation, and follow-up.

Materials and Methods

This prospective, cross-sectional study was approved by
the local clinical research ethics committee (decision no:
26.03.2018/06-363-18). All study procedures were carried out
in accordance with the Declaration of Helsinki and informed
consent forms were obtained from all participants.

The 63 better-seeing eyes of 63 consecutive AMD patients
presenting to the vision research and low vision rehabilitation
unit between August 2018 and September 2019 were included
in the study. Patients who met the following criteria were
included in the study: had best corrected visual acuity (BCVA)
of 0.5-1.3 logMAR (Snellen 20/400-20/60) in the better-seeing
eye, had atrophic AMD or stable exudative AMD not treated
with intravitreal injection in the last 6 months, were over
55 years of age, were a native speaker of Turkish, and for the
reading performance test, had completed at least primary school
education, had the mental capacity to understand the MNREAD
test rules, perform the test, and had no neurological or mental
illness that would interfere with reading. Patients who declined
to participate, were illiterate, had previously received low vision
rehabilitation or TRL training, or were using low vision aids
were excluded from the study. Patients with vision-impairing
ocular pathologies other than AMD, such as diabetic retinopathy,
glaucoma, optic atrophy, and hereditary retinal diseases, and
those with systemic diseases that may affect vision, such as
diabetes mellitus, were also excluded.

After completing the patients’ sociodemographic forms, all
patients underwent a detailed eye examination including BCVA
assessment, anterior and posterior segment examination, low
vision evaluation, MNREAD test, and contrast sensitivity (CS)
test. Macular lesion size and vision-related quality of life scores
were determined. The patients were asked how long they had
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not been able to read because of their eye problem and this time
was recorded as the “reading interruption” in the data form. This
information was obtained from patients and their relatives. The
patients’ BCVA was assessed using the Early Treatment Diabetic
Retinopathy Study (ETDRS) chart as logMAR, and reading
acuity was tested with MNREAD-TR and recorded in M units.
CSV-1000 was used for the CS test. The classical CSV-1000 test
is performed at varying spatial frequencies (3, 6, 12, and 18
cycles per degree {cpd}) at a distance of 2.5 meters.?!
since our study group was low vision, they had difficulty at the
standard test distance and the test distance and cpd values were
reduced by half. The size of the macular lesion was calculated by
the fundus autofluorescence Image Finder program and recorded
as mm?”. Visual quality of life was assessed using the NEI-VFQ-
25-TR, which was validated in Turkish by Toprak et al.?> The
questionnaire was administered by the same technician (B.S.)
and scores were calculated by the same ophthalmologist (D.A.).
Reading performance was assessed using MNREAD-TR
charts, which were validated in Turkish by Idil et al.”> The charts
test near visual acuity as logMAR and M (1IM=0.4 logMAR) and
include 19 sentences, of which the largest is 8M (1.3 logMAR)
and the smallest is 0.12 M (-0.5 logMAR). Four parameters
are evaluated: reading acuity (RA), critical print size (CPS),
maximum reading speed (MRS), and the reading accessibility
index (ACC). RA is the smallest print size that the person can
read without significant error, MRS is the fastest reading speed
when not limited by print size, and CPS is the smallest print
size that can be read at this speed. Assuming the normal MRS
is 200, the average reading speed for the top 10 sentences of the
MNREAD chart (the print sizes most commonly encountered
in daily life) is divided by 200 to obtain ACC (normal=1.0).*
MAIA microperimetry (Centervue, Padova, Italy) was
used to evaluate fixation stability and PRL characteristics.
Fixation stability was determined according to Fuji’s clinical
classification.” This classification is based on the percentage
of fixation points within a 1° (P1) and 2° (P2) radius of the
foveal center. The presence of 75% of fixation points within the
1-degree area (P1>75%) is regarded as stable fixation. If more
than 75% of fixation points do not fall within this 1-degree area
but are within the 2-degree area (P1<75% and P2>75%), it is
called relatively stable fixation. Fixation is considered unstable
when both P1 and P2 are below 75%. Bivariate contour ellipse
area is the size (in mm?) of the elliptical area encompassing 63%
(BCEAG63) and 95% (BCEA95) of fixational eye movements.
Retinal sensitivity is between O and 36 decibels. Macular
integrity index (MII) is evaluates an individual’s responses
according to the age-matched mean value for the population.
An MII value lower than 40% is considered normal, 40-60% is
suspicious, and higher than 60% is regarded as abnormal. P1,
P2, BCEA63, BCEA9S, and retinal sensitivity are parameters
that can be obtained directly from the microperimeter (Figure 1).
Information derived from the microperimetry test results
was also used to investigate fixation characteristics. The grid-
shaped screen image obtained from microperimetry was printed
on A4 paper and the PRL location, PRL distance from the fovea,
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PRL distance from the lesion edge, and absolute scotoma size
were calculated. A ruler was used for measurements and values
calculated in mm were converted to degrees and recorded (1
square in the grid of the microperimeter screen corresponds to
1 degree). If the location of the fovea could not be determined
because of advanced AMD, an estimated location of the fovea
was marked at 15.5° temporal and 1.3° inferior to the optic
disc center.?® To describe PRL location, the retina was divided
into 4 equal quadrants centered on the fovea and PRL location
was classified as superior, inferior, temporal, nasal, or central
(within 4° of the foveal center) (Figure 2).” All measurements
were performed by a single ophthalmologist (D.A.) to avoid
interobserver variability.

Statistic Analysis

The IBM SPSS Statistics version 20.0 package (IBM Corp,
Armonk, NY) was used for statistical analyses. For numerical
measurements, the assumption of normal distribution was tested
using the Shapiro-Wilk test and comparisons of means between
two groups were performed using t-test or Mann-Whitney U
test as necessary. Comparisons between multiple groups were
performed using one-way analysis of variance or the Kruskal-
Wallis test. Bonferroni, Scheffe, and Tamhane tests were used
as appropriate for pairwise comparisons between groups. In all
tests, p<0.05 was accepted as significant.

Results

The study included 41 men and 22 women with a mean age
of 77.49+8.56 (58-93) years. The left eyes of 36 patients (57%)
and the right eyes of 27 patients (43%) were included. The mean
symptom duration was 4.73+4.09 years, daily reading habit
was 2.1+2.23 hours, reading interruption was 2.58+3.08 years,
vision-related quality of life score was 47.5+11.4, and the near
activities subscale score was 29.0+12.4.

The patients’ mean distance and near visual acuities were
0.66+0.2 logMAR and 2.63+2.46 M, respectively. AMD was
atrophic in 48% of the patients and exudative in 52%; lesion
size ranged from 1.110 to 24.568 mm’ (mean 7.162x4.671
mm?). CS test results were 10.62+9.49 dB and 4.46+3.93 dB
for 1.5 ¢pd and 3 cpd (low spatial frequencies) and 12.3+11.2
dB and 21.0<15.1 dB for 6 cpd and 9 cpd (medium spatial
frequencies), respectively. According to the MNREAD chart,
mean RA was 0.86+0.34 logMAR (range, 0.12-1.80 logMAR),
CPS was 1+0.35 logMAR (range, 0.32-1.90 logMAR), MRS
was 70.2+37.23 words/min (wpm) (range, 19-160 wpm), and
ACC was 0.27+0.21 (range, 0-0.69).

Retinal sensitivity, P1, P2, BCEA63, and BCEA95 values
were obtained directly from microperimetry. Fixation stability
was unstable in 43 eyes (68%), relatively stable in 17 eyes
(27%), and stable in 3 eyes (5%) (Table 1). Retinal location of
the PRL was nasal in 31%, superior in 19%, inferior in 16%,
central in 16%, and temporal in 11% of eyes. In left eyes, the
most common location was the nasal quadrant (36%), while in
right eyes, the most common location was the superior quadrant
(31%). The mean PRL-fovea distance was 5.15°+3.31° (range,
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Figure 1. Example of microperimetry output for an eye with AMD
AMD: Age-related macular degeneration

Figure 2. Division of the retina into quadrants centered on the fovea
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0.75°-14.2°). The PRL was to the left of the absolute scotoma in
29% of eyes and to the right in 22% of eyes. The mean absolute
scotoma size was 16°+15° (range, 0°-62°). Forty-two eyes (67%)
had absolute scotoma at the fovea. The results obtained from
microperimetry indirectly using special measurements are shown
in Table 2.

There was no statistically significant relationship between
fixation stability and distance or near visual acuity (p=0.072
and p=0.312, respectively). When the stable and relatively
stable fixation groups were combined, distance visual acuity was
significantly lower in eyes with unstable fixation compared to
those with stable or relatively stable fixation (p=0.041). Reading

Table 1. Microperimetry results

Mean + SD
MII 99.8+1.6
Mean retinal sensitivity (dB) 10.8+6.5
P1 25.5+20.4
P2 56.2+23.4
BCEA 63 17.3+£10.8
BCEA 95 51.6+32.4
n (%)
Stable 30)
Fixation stability Relatively stable 17 (27)
Unstable 43 (68)

MII: Macular Integrity Index, P1: Percentage of fixation points in a 1° radius circle, P2:
Percentage of fixation points in a 2° radius circle, BCEA: Bivariate contour ellipse area, SD:
Standard deviation

Table 2. Results derived from microperimetry

Mean + SD
PRL-fovea distance (°) 5.15+3.31
PRL-lesion margin distance (°) 1.84+2.66
Absolute scotoma size (°) 16.0£15.0
n (%)
Nasal quadrant 1931)
Superior quadrant 16 (26)
PRL location Inferior quadrant 10 (16)
Central 10 (16)
Temporal quadrant 7 (11)
Left of the scotoma 18 (29)
In the scotoma 14 (22)
PRL location relative to No absolute scotoma 11 {7)
absolute scotoma Below the scotoma 9 (14)
Right of the scotoma 7(11)
Above the scotoma 4(6)
Foveal absolute scotoma e )
No 21(33)

PRL: Preferred retinal locus, SD: Standard deviation
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speed was 148.7+12.7 wpm in the stable fixation group,
80.9+41.1 wpm in the relatively stable group, and 60.5+28.5
wpm in the unstable fixation group. There was a statistically
significant relationship between reading speed and fixation
stability (p=0.003). In the unstable fixation group, CS values at
low (3 cpd) and medium (6 cpd and 9 cpd) spatial frequencies
were lower compared to the relatively stable fixation group
(p=0.019, p=0.038, and p=0.011, respectively).

There was no significant relationship between fixation
stability and the retinal location of the PRL and whether this
location was in the right or left eye (p=0.088 and p=0.199,
respectively). Fixation stability also showed no statistical
association with absolute scotoma size (p=0.095), PRL location
relative to the absolute scotoma (p=0.05), or distance of the PRL
to the lesion margin (p=0.315). However, distance of the PRL
to the fovea was significantly associated with fixation stability
(p=0.023) (Table 3).

The PRL was significantly farther from the fovea in eyes with
unstable fixation than in eyes with stable fixation (p=0.023). The
relationship between PRL-fovea distance and fixation stability is
shown in Figure 3.

Discussion

PRLs that develop through adaptive mechanisms for fixation
in advanced AMD are generally extrafoveal and unstable,
which are critical factors in reducing reading ability. It has
been reported that fixation stability is strongly associated with
reading speed,'""” and is affected by distance visual acuity, lesion
size, and PRL distance to the fovea and lesion margin."*>'" In
our study, we observed that PRLs were extrafoveal in 85% and
unstable in 68% of eyes with advanced AMD, fixation stability
was affected by PRL-fovea distance, and there was a strong
association between fixation stability and reading speed.

Studies have shown that the PRL, which replaces the
nonfunctioning fovea in eyes with central scotoma, is less stable
as its distance from the fovea increases.*”!?” The mean PRL-
fovea distance in AMD was reported to be 6.69°+7.4° by Erbezci
and Oztiirk? and 6.25°+2.38° by Sahli et al.,'” while Fujita et
al.”® reported distances between 5° and 11°. In our study, the
mean PRL-fovea distance was 5.15°+3.31° (range, 0.75°-14.2°).
This value was determined to be 5.64°+3.41° in the unstable
fixation group and 2.04°+0.56° in the stable fixation group,
showing that the PRL-fovea distance was greater in eyes with
unstable fixation compared to those with stable fixation. We
attribute the effect of PRL-fovea distance on fixation stability to
the fact that retinal resolution and sensitivity are highest at the
fovea. Chung et al.” reported that retinal resolution decreased
further from the fovea.

Various studies have demonstrated that reading speed
decreases with poorer fixation stability.'"""” In our study, reading
speed was 148.7+12.7 wpm in the stable fixation group,
80.9+41.1 wpm in the relatively stable group, and 60.5+28.5
wpm in the unstable group. There was a strong statistical
association between reading speed and fixation stability
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Table 3. Relationship between ocular parameters and fixation stability
Fixation Stability

Characteristic Stable Relatively stable Unstable )

Mean + SD Mean + SD Mean + SD
Distance visual acuity (logMAR) 0.50+0.0 0.62+0.23 0.68+0.20 0.072
Near visual acuity (M) 1.2+0.35 3.04+2.98 2.57+2.3 0.312
Lesion size (mm?) 4963.0+6268.9 6764.9+6518.4 7472.4+3694.4 0.131
Maximum reading speed (wpm) 148.7+12.7 80.9+41.1 60.5+28.5 0.003
Low-frequency CS (1.5 cpd) (dB) 10.0+5.0 15.35+13.73 11.26+10.26 0.264
Low-frequency CS (3 cpd) (dB) 10.67+4.62 30.47+19.7 17.91+11.57 0.019
Mid-frequency CS (6 cpd) (dB) 5.33+2.31 16.71+£13.34 8.58+6.6 0.038
Mid-frequency CS (9 cpd) (dB) 3.33+3.18 7.06+5.8 3.51+2.39 0.011
Absolute scotoma size (°) 6.33+10.97 11.35+11.45 18.53+15.89 0.095
PRL-lesion margin distance (°) 0+0 1.52+1.24 2.08+3.03 0.315
PRL-fovea distance (°) 2.04+0.56 4.49+3.00 5.64+3.41 0.023

n (%) n (%) n (%)
Retinal location of PRL
Inferior quadrant 1(33) 2(12) 7(17)
Nasal quadrant 0(0) 6(35) 13 (31)
Central 2(67) 3(18) 5(12) 0.058
Superior quadrant 0(0) 2(12) 14 (33)
Temporal quadrant 0(0) 424 3(7)
PRL location relative to absolute scotoma
Right 0(0) 3(18) 409
Left 0(0) 7 (41) 11 (%26)
Inside 0(0) 0(0) 14 (33) 0.050
Below 1(33) 1 (6) 7 (16)
Above 0(0) 2(12) 2(5)
No absolute scotoma 2(67) 4 (24) 5(12)
PRL: Preferted retinal locus, wpm: words per minute, CS: Contrast seasitivity, cpd: cycles per degree, dB: decibels, SD: Standard deviation

PRL-fovea distance (degrees)
3

=

T T T

Stable Relatively stable Unstable
PRL Stability

Figure 3. Relationship between fixation stability and PRL-fovea distance (outlier,
*extreme outlier)

PRL: Preferred retinal loci

(p=0.003). Reading function requires good detail detection,
which itself requires foveal and stable fixation. Giacomelli et
al."” stated that improved fixation translated to improved visual
capacity. We believe that the decrease in reading speed associated
with poorer fixation stability is related to this.

In the literature, single/multiple PRL development in AMD
has been reported at different rates (77%-100%),"%"# and most
are located extrafoveally. Greenstein et al.® reported that all
patients in their study developed a PRL, of which 73.3% were
extrafoveal and 26.6% were foveal in location. In our study, we
observed that 98.4% of patients developed a single PRL that
was extrafoveal in 84% and foveal in 16% of the eyes. Fixation
was unstable in 68%, relatively stable in 27%, and stable in 5%
of the cases. We attribute the low fixation stability in our study
to the patients having low vision, advanced AMD, symptom
duration longer than 6 months, and mostly extrafoveal PRLs.

1.30

Karacorlu et al.*® also observed no stable and central fixation in

patients with symptom duration longer than 6 months.
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Retinal localization of PRLs is still not fully understood,
and in 25% of cases the PRL is not in a favorable location.”!
While there are some studies suggesting that location may be
relevant in terms of reading,’*? others showed no relationship
between PRL location and reading speed.?**** Evidence indicates
that PRLs are usually located to the left of the scotoma.'*”?%
However, PRLs can develop in any retinal quadrant.”*** In
AMD, the most common PRL location is the nasal quadrant,
followed by the superior quadrant.””" Similarly, in our study,
we determined that the PRL was located in the nasal retinal
quadrant in 31%, superior quadrant in 26%, inferior quadrant in
16%, and temporal quadrant in 11% of eyes, while 16% of PRLs
were located centrally. We detected no statistically significant
relationship between PRL location and fixation stability.
Similarly, Farzaneh et al.”” found no significant relationship
between PRL location on the retina and fixation stability in
native Persian-speaking AMD patients.

Erbezci and Oztiirk? reported that fixation stability was
associated with distance BCVA and that fixation in the affected
eye became unstable with greater PRL-fovea distance, PRL to
lesion margin distance, and lesion size. When we grouped the
eyes in our study as stable, relatively stable, and unstable, distance
BCVA was not associated with fixation stability. However, when
we combined the stable and relatively stable group, a statistically
significant relationship emerged. The absence of a statistical
relationship initially is likely due to the small number of eyes
in the stable fixation group. Similarly, in our study there was no
statistically significant relationship between fixation stability
and scotoma size or PRL-lesion margin distance, but we observed
that scotomas were larger and PRLs further from the lesion
margin in eyes with unstable fixation.

Spatial and temporal CS tests in patients with maculopathy
have demonstrated moderate to strong correlation between
reading speed and CS.*® In our study, eyes with unstable fixation
showed lower CS at low and medium spatial frequencies
compared to eyes with relatively stable fixation. This may be
related to the higher PRL-fovea distance in this group and the
lower retinal sensitivity and resolution in this area of the retina.

Study Limitations

CS tests modified for people with low vision could not be
used for our patients because they were not available in our
clinic. In addition, as all participants were Turkish-speakers,
studies with broader participation in different languages are
needed to investigate the effect of PRL location on the retina on
fixation stability.

Conclusion

In this study, we observed that fixation stability was affected
by PRL distance from the fovea and was strongly associated with
reading speed. Given the close relationship between fixation
stability and reading speed, awareness of the factors affecting
fixation stability in advanced AMD is crucial to restore reading
ability in low vision rehabilitation. The results of this study may
be both strategically and prognostically useful in the planning
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and implementation of microperimetric treatment (TRL) to
improve fixation stability in low vision rehabilitation centers.
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Non-arteritic Anterior Ischemic Optic Neuropathy
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Abstract

Objectives: This study aimed to evaluate superficial peripapillary vascularization qualitatively and quantitatively in patients with acute
non-arteritic anterior ischemic optic neuropathy (NAION) using optical coherence tomography angiography (OCT-A).

Materials and Methods: Eleven patients with acute NAION and 14 controls were evaluated retrospectively. Complete
ophthalmologic examination with best corrected visual acuity, peripheral visual field test, and disc angiography with OCT-A were
performed. Quantitative optic disc perfusion indexes were evaluated by the device with automatically segmentation and qualitative
comparison of choroidal, retinal, and en-face peripapillary perfusion angiogram images.

Results: In the NAION and control groups, mean age was 57.55=12.34 years and 50.79+4.67 years (p=0.110), the proportion
of women was 7/11 (63.6%) and 9/14 (60%), and best corrected visual acuity was 0.95+0.63 and 0.00£0.0 LogMAR (p=0.001),
respectively. Visual field defect was present in 10/11 (91%) eyes in the NAION group. In 6 patients, visual field defects were correlated
with areas of peripapillary and optic nerve head hypoperfusion. In the patient group, optic nerve head capillary density was significantly
decreased (p=0.008) and radial peripapillary capillary density was significantly decreased in all sectors except the inferonasal sector.
Conclusion: In our study, we observed that visual field evaluations were partially correlated with optic nerve head and peripapillary
capillary perfusion assessed by OCT-A. Being practical and non-invasive, OCT-A is a useful and up-to-date method for evaluating
perfusion in NAION.
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Introduction

Anterior ischemic optic neuropathy (AION) is believed
to occur most commonly as a result of acute ischemia in the
anterior part of the optic nerve. There are two types, non-
arteritic and arteritic.! Non-arteritic anterior ischemic optic
neuropathy (NAION) is the leading cause of sudden vision loss
in the middle-age group. It is painless and generally unilateral,
although involvement of the fellow eye may also occur over
time. The prevalence of NAION varies by race, particularly in
relation to small optic disc size, with a reported incidence of
10.2/100,000 in the United States.>?

The pathogenesis of NAION is known to be associated with
impaired blood flow in the posterior ciliary artery (PCA) of the
optic nerve head, which results in sudden ischemia in the optic
nerve head.

The clinical picture of NAION is often characterized by
sudden-onset, painless unilateral vision loss and disc edema with
altitudinal visual field defect. This optic neuropathy occurs due
to local or systemic predisposing causes.” Among the systemic
predisposing causes, conditions such as systemic hypertension
and diabetes that cause vasculopathy and end organ damage
especially increase the risk of developing NAION.*"* Similarly,
causes of decreased optic disc perfusion such as nocturnal
hypotension and obstructive sleep apnea syndrome have been
associated with NATON.>!?

Choroidal perfusion assessed by fluorescein angiography
is classically preserved in NAION." However, some studies
have demonstrated thinning of the subfoveal or peripapillary
choroidal layer in the acute and chronic phases, indicating that a
thinner choroid may also be a risk factor.'>"?

Optical coherence tomography angiography (OCT-A) is a
new, non-invasive imaging method that can be used to visualize
the microcirculation in the retina and around the optic nerve.’
Unlike fundus fluorescein angiography, it requires no exogenous
contrast agent. OCT-A enables quantitative evaluation of
peripapillary retinal, choroidal, and optic nerve head capillary
density and flow."*

This study aimed to qualitatively and quantitatively evaluate
superficial peripapillary vascularization using OCT-A and
thereby non-invasively visualize ischemia in patients with acute
NAION.

Materials and Methods

Patient Selection and Study Design

This study included 11 patients with a diagnosis of NAION
who presented to the University of Erciyes Ophthalmology
Clinic between January and July 2019, and 14 healthy volunteers
(control group) with completely normal ophthalmological
examination findings. The 11 patients presented with sudden-

onset painless vision loss for less than 2 weeks on one side (n=11
eyes). Clinical examinations were performed by two different
ophthalmologists and the diagnosis was made by excluding other
causes of optic neuropathy. All patients underwent neurological
evaluation and neurological imaging to exclude central causes.
None of the eyes included in the study had a previous diagnosis
of NAION. All patients who met the NAION diagnostic
criteria and cooperated with the tests were included in the study.
Exclusion criteria were: refractive error greater than +4 diopters,
optic disc anomalies, retinopathy, intraocular pressure higher
than 21 mmHg and glaucoma diagnosis, use of medications that
affect the optic nerve (digoxin, vigabatrin, ethambutol), history
of eye trauma and/or retinal surgery, and history of cataract
surgery within the last 6 months.

Clinical Examinations

After obtaining past and present clinical history, best corrected
visual acuity (BCVA) (assessed with Snellen chart and converted
to logMAR equivalent), intraocular pressure measurement,
slit-lamp anterior segment examination, relative afferent pupil
defect (RAPD) examination with swinging flashlight test,
color vision examination with Ishihara test, and fundoscopic
examination with 90 D lens were performed. Refraction was
measured using an autorefractometer (TonoRef II, Nidek,
Japan). C-reactive protein level, erythrocyte sedimentation rate,
biochemical markers, and complete blood count were performed
to exclude arteritic AION. Orbital and cranial magnetic resonance
imaging was performed in all patients to rule out central and
retrobulbar etiology. Pattern visual evoked potential (VEP) test
was performed (Metrovision Vision Monitor Mon2018E, 2018).
Each patient and control subject underwent 30° peripheral visual
field test (Octopus-900, Haag-STEIT eyesuite static perimetry,
V2.2.0) and disc angiography using OCT-A (RTVue XR Avanti
Optovue Inc, Fremont, CA, version 2017.1.0.151).

OCT-A Imaging

All OCT-A measurements were made by the same
ophthalmologist at the same time of day (10:00-12:00) to
minimize diurnal changes. In OCT-A using the split-spectrum
amplitude correlation angiography algorithm, 70,000 A-sections
per second were acquired and measurements were evaluated from
4.5x4.5 mm disc images with a tissue axial resolution of 5
pm."> Measurements obtained from OCT-A images with signal
strength below 6, motion artifacts due to poor fixation, and
segmentation errors were excluded from the study.

Quantitative optic disc perfusion values were measured
automatically by the device software. The device automatically
determined peripapillary vascular density (%) in 10 segments
and retinal nerve fiber layer (RNFL) measurements (pm).
Qualitative peripapillary perfusion was evaluated by comparing
choroidal, retinal, and en-face angiogram images. Optic disc
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head and peripapillary measurements were determined for the
vitreous/retinal layer over the outer plexiform layer, the radial
peripapillary capillary (RPC) layer between the inner limiting
membrane and the RNFL, and the choroidal layer under the
retinal pigment epithelium (RPE), which were automatically

segmented by the software.'®

Statistical Analysis

SPSS version 22.0 (IBM Corp, Armonk, NY, USA) was used
for analyses. Data distribution characteristics were evaluated
using the Shapiro-Wilk test. Normally distributed quantitative
data were expressed as mean + standard deviation and categorical
data as percentage (%). Independent-samples t-test was used
to compare quantitative data that showed normal distribution.
Categorical data were compared using chi-square (Fisher’s Exact)
test. A p-value <0.05 was considered statistically significant.

Ethical Considerations
The study was approved by the Erciyes University Faculty
of Medicine Clinical Trials Ethics Committee (approval number:

2019/139).

Results

The study included 11 eyes of 11 NAION patients (group
1) and 14 randomly selected eyes of 14 healthy volunteers
(group 2). The mean ages of the groups were 57.55+12.34 and
50.79+4.67 years, respectively (p=0.110). The proportion of
women was 63.6% (7/11) in group 1 and 60% (9/14) in group
2. NAION episodes were primary in all affected eyes. Two
patients in group 1 had concomitant diabetes and hypertension.
No signs of retinopathy were observed in these patients. The
demographic data and rates of hypertension/diabetes of the
groups are summarized in Table 1.

BCVA was 0.95+0.63 LogMAR equivalent in affected eyes in
group 1, compared to 0.00+0.0 in group 2 (p=0.001). In group
1, RAPD was present in 4 (36.4%) of 11 eyes but could not be
observed in the 7 eyes with signs of previous optic neuropathy in
the fellow eye. Color vision was impaired in 10 (91%) of the 11
eyes. Attenuated wave amplitudes and prolonged P100 latencies
were observed on VEP 60’.

Visual field defect was present in 10 (91%) of the eyes
(peripheral concentric narrowing in 2 eyes, inferior-hemi scotoma
in 4, superior-temporal scotoma in 1, inferior-temporal scotoma
in 1, paracentral scotoma in 1, and inferior-nasal scotoma in 1
eye); only 1 eye did not have a localized scotoma but showed
reduced sensitivity in the central and temporal regions.

RPC hypoperfusion was defined as dark areas where
the capillary network was not visible on OCT-A images.
Hypoperfusion in the RPC was not observed in 1 eye and was
observed in the optic disc head in 1 eye, in at least 2 quadrants

in 4 eyes, in 4 quadrants in 2 eyes, and in 1 quadrant in 3

Figure 1. A 49-year-old woman presented with loss of vision in the left eye
for 5 days. A) In the optical coherence tomography angiography (OCT-A) radial
peripapillary capillary (RPC) cross-section, hypoperfusion is observed in en face
images as dark areas in the superior nasal region, indicated by white arrowheads.
B) No perfusion defect is observed in the cross-section obtained in the superficial
OCT-A section, corresponding to above the outer plexiform layer. C) Color
mapping of the vascular density in the RPC layer section indicates reduced
perfusion in the blue areas indicated by the white arrowheads. This supports the
presence of hypoperfusion consistent with the en face images. D) Visual field shows
a scotoma in the inferior-hemi section corresponding to the predominantly inferior
hypoperfused region

Table 1. Comparison of selected demographic data and visual field values

NAION, Control,

group 1 (n=11) group 2 (n=14) P
Age (years), mean + SD 57.56+12.34 50.79+4.67 0.110
Sex (female), n (%) 7 (63.6) 9 (60.0) 0.604
DM, n (%) 2(18.2) 0 -
Hypertension, n (%) 3(27.3) 0 -
Visual field defect, n (%) 8(72.3) 0 -
NAION: Non-arteritic acute ischemic optic neuropathy, SD: Standard deviation, DM: Diabetes mellitus
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eyes, predominantly in the temporal quadrant. Figure 1 shows
a visual field defect corresponding to an area of hypoperfusion
detected on OCT-A in a patient with inferior hemiscotoma
(Figures la-d). Figure 2 shows an inferior-temporal visual field
defect corresponding to a hypoperfused area observed on OCT-A
imaging in another patient (Figures 2a-d).

In 6 patients, visual field defects corresponded to regions
with peripapillary and optic disc head hypoperfusion. One
patient exhibited no hypoperfusion. In the other 4 patients, the

hypoperfused areas and visual field defects were not correlated.

Figure 2. A 60-year-old woman had vision loss in her right eye for 1 week. A)
On OCT-A imaging, dark areas consistent with hypoperfusion (white arrowheads)
are observed in the RPC layer en face measurement cross-section. B) No disruption
of vascular flow is observed in the superficial OCT-A cross-section above the
outer plexiform layer. C) The vascular density color map of the RPC layer shows
predominantly superior nasal hypoperfused and non-perfused areas corresponding
to the dark areas on en face images (white arrowheads). D) Visual field demonstrates
scotoma areas in the form of an altitudinal defect in the inferior hemisphere
extending temporally, representing the hypoperfused areas

OCT-A: Optical coherence tomography angiography, RPC: Radial peripapillary
capillary

In group 1, the RPC appeared mildly dilated and tortuous
on OCT-A compared to the control group and unaffected fellow
eyes.

In the quantitative analysis of OCT-A measurements, there
was a statistically significant difference in RPC densities when
the two groups were compared (p=0.005). There was also a
significant difference in peripapillary RNFL measurements,
with larger values in the patient group (p=0.008). RPC and
optic disc head capillary densities were lower in the patient
group compared to the control group. When combined, the
difference between the groups was significant (p=0.008) while
optic disc vascular density measurements were not statistically
significantly different (p=0.052). The patients’ RNFL, RPC, and
optic disc head capillary densities are summarized in Table 2.

In the comparison of RPC density in the 10 different sectors,
the patient group had significantly lower values in all sectors
except the inferior sector (p=0.115) (Table 3).

Discussion

NAION occurs as a result of sudden ischemia due to
impaired PCA circulation in the optic disc head. Two causes are
emphasized in its etiology and pathogenesis. The first and most
common is non-thromboembolic transient non-perfusion or
hypoperfusion of the PCA. This hypotension, which may occur
as systemic fluctuation, or sudden intraocular pressure elevations
can lead to transient malperfusion of the PCA. The second, less
common cause is embolic events in the arteries and arterioles that
supply the optic nerve head. NAION resulting from multiple
embolisms can cause more severe and permanent vision loss.*
Kavuncu et al.'” reported that visual prognosis was worse in
older age and those with systemic predisposing factors, while
patients with involvement at a younger age had better visual
outcomes. In another study, it was found that NAION patients
had electrophysiological changes suggestive of axonal loss in the
unaffected eye, which the authors defended with the notion that
axonal loss caused by ischemia may extend to the optic chiasm
and affect the fellow eye.'®

A study evaluating acute arteritic and non-arteritic AION
patients using OCT-A showed that optic disc head and RPC

Table 2. Comparison of peripapillary thickness and optic disc vascular density measurements between the groups
NAION, Control,
group 1 (n=11) group 2 (n=14) P
Mean + SD Mean + SD
RNFL (pm) 220.64+104.91 116.64+11.60 0.008
Peripapillary capillary density (%) 44.65+8.54 53.95+1.68 0.005
Optic disc head density (%) 43.90+5.84 48.49+5.32 0.052
All capillary density (%) 43.72+6.18 49.97+2.59 0.008
NAION: Non-arteritic acute ischemic optic neuropathy, SD: Standard deviation, RNFL: Retinal nerve fiber layer. Statistically significant values are highlighted in bold
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Table 3. Comparison of segmental radial peripapillary capillary density measurements (%) between the groups
NAION, Control,
Segments group 1 (n=11) group 2 (n=14) P
Mean + SD Mean + SD
Superior-hemi 41.7+10.54 53.57+1.89 0.004
Inferior-hemi 45.59+9.51 54.30+2.19 0.013
Nasal superior 41.17+10.10 50.57+3.33 0.012
Nasal inferior 42.39+9.84 51.38+3.44 0.014
Inferior nasal 46.16=12.09 52.59+3.41 0.115
Inferior temporal 50.60+10.90 61.09+2.79 0.010
Temporal inferior 45.27+9.24 54.77+2.79 0.007
Temporal superior 47.55+9.99 57.87+1.60 0.007
Superior temporal 44.98+11.45 57.75+1.85 0.004
Superior nasal 40.17£12.30 50.8+3.94 0018
NAION: Non-arteritic acute ischemic optic neuropathy, SD: Standard deviation. Statistically significant values are highlighted in bold

density was decreased in acute NAION patients compared to
healthy controls. In addition, non-perfusion areas in the optic
disc head detected by indocyanine green angiography and fundus
fluorescein angiography were correlated with the non-perfusion
areas seen on OCT-A, and it was concluded that OCT-A
evaluation provided useful information in the diagnosis of
NAION." In another study, qualitative OCT-A evaluation of the
optic disc head in NAION revealed increased capillary tortuosity
and dilation, predominantly in the hypoperfused areas, in more
than half of the patients. The authors suggested this could be
explained by the hypothesis of venous insufficiency in the optic
disc head secondary to temporary hypoperfusion or venous
infarction.” In the literature, it has been reported that eyes with
NAION have greater involvement in the temporal quadrant due
to choroidal watershed zone damage.'*?! Sharma et al.” observed
increased capillary tortuosity in patients with acute NAION
and attributed it to transient venous insufficiency. In our study,
quantitative RPC segmental measurements were significantly
reduced in all sectors except the inferonasal sector. In qualitative
peripapillary OCT-A evaluations, hypoperfusion was not observed
in 1 patient but was detected in 1 or more quadrants (including
the temporal quadrant) in 8 patients, consistent with the
literature. However, the decrease in capillary density measured
by OCT-A may also be a result of edematous compression of the
optic disc or secondary signal attenuation due to the shadowing
effect of the fluid (edema, hemorrhage). One study demonstrated
that in patients with decreased peripapillary flow densities, low
flow persisted in repeated OCT-A measurements after resolution
of optic disc edema.’ In our OCT-A evaluation, we found that
RNFEFL values were higher in the patient group than the control
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group, contrary to the literature. A previous study showed that
in animal models of ischemic optic neuropathy, more severe optic
nerve ischemia in the acute phase leads to more optic disc edema
and vision loss.*> Measured RNFL values may have been higher
due to the fact that our patient group had optic disc edema
associated with acute NAION.

In our study, we determined that visual field assessments
were partially correlated with optic disc head and RPC perfusion
evaluated by OCT-A, with one patient having no hypoperfusion
area detected on OCT-A and no detectable visual field defect.
Six patients had predominantly inferior visual field defects
that were consistent with the hypoperfused optic disc head and
peripapillary quadrants. However, four patients’ visual field
defects did not correspond to the areas of hypoperfusion observed
in RPC images on OCT-A scans. Rougier et al.?’ reported poor
correlation between OCT-A measurements and visual field in
their study, observing close correlation between the hypoperfused
area and visual field defect pattern in only one patient. They
argued that visual field defects were associated with changes in

1.** evaluated

PCA flow rather than peripapillary flow. Ling et a
optic disc perfusion and determined that visual acuity and visual
field defects were correlated with hypoperfusion detected on
OCT-A. In another study, visual field defects were reported to be
significantly correlated with optic disc vascular density, vascular
tortuosity, and RNFL thicknesses.”> Gaier et al.*® concluded
that the pattern of visual field defect in patients with acute and
non-acute NAION correlated with associated regions of reduced
patent capillary density. Consistent with the literature, we found
that BCVA was lower in the patient group in our study.

OCT-A is a current, practical, and non-invasive method that
can be easily applied to support the diagnosis of NAION and is
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useful in the qualitative and quantitative assessment of retinal
and choroidal vascularization.

Study limitations

This study has certain limitations. One of these is the small
number of patients included in the study. In addition, we could
not perform manual segmentation due to the absence of the most
recent version of Angiovue in the Optovue software. Therefore,
calculations were based on the inner and outer segments
determined automatically by the device. Other limitations
were the small measurement area and limited evaluation of the
peripapillary area, and the fact that scans were not repeated
after edema resolution to rule out possible RPC circulatory
impairment caused by obstruction, which can also cause optic
disc edema.

Conclusion

The results of this study indicate that optic disc head and
superficial peripapillary microcirculation are impaired in acute
NAION. The partial correlation between detected microvascular
changes and visual field defects reveals an important structural
and functional relationship.

In summary, OCT-A is a current, rapid, and non-invasive
method for the assessment of the peripapillary microcirculation
in NAION patients. Controlled randomized studies with larger
patient numbers are necessary to more clearly demonstrate the
relationship between visual field defects and the microcirculatory
impairments detected by OCT-A.
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Abstract

Objectives: To report visual and anatomical outcomes following two- or four-quadrant partial-thickness sclerectomy and sclerotomy
surgery to treat nanophthalmos (NO)-related uveal effusion (UE).

Materials and Methods: Consecutive patients with NO-related UE were treated with four-quadrant or two-quadrant (for those with
associated glaucoma) partial-thickness sclerectomy and sclerotomy surgery. Axial length, extent of UE, preoperative, postoperative, and
final best corrected visual acuity (BCVA), time to retinal reattachment, and rates of retinal reattachment and recurrence were noted.
Results: Fourteen eyes of 10 patients with NO-related UE were operated. Retinal detachment (RD) involved mainly the peripheral
retina in 7 (50%) eyes, macula in 2 eyes (14.2%), both macula and peripheral retina in 4 eyes (28.6%), and the whole retina in 1 eye.
Eleven eyes had four-quadrant surgery, and 3 eyes with associated glaucoma had two-quadrant surgery. External subretinal drainage was
performed in one patient who had total RD. The mean preoperative logMAR BCVA of 1.50+0.53 increased significantly to 0.92+0.49
after surgery (p=0.002). Resolution of RD could be achieved with two-quadrant surgery in only 1 of 3 eyes. In the other 2 eyes, retinal
reattachment was achieved after a secondary surgery for the remaining two quadrants to complete four-quadrant sclerectomy. Final
outcome was total reattachment of the retina in 11 eyes (78.6%), partial reattachment in 1 eye (7.1%), and recurrence of macular
detachment in 2 (14.3%) eyes.

Conclusion: Quadrantic partial-thickness sclerectomy and sclerotomy surgery seems effective for treating UE in eyes with NO. Two-
quadrant surgery may be tried for mild UE associated with glaucoma to preserve the superior quadrants for future possible glaucoma
surgeries, but secondary surgery for the superior quadrants may be needed. External drainage of subretinal fluid may be an option in
severe cases to achieve quicker resolution.
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Introduction

Nanophthalmos (NO) comes from the Latin word
nanos, which means “dwarf.” NO is thought to result from
developmental arrest of the globe. In contrast to microphthalmos,
which is frequently complicated by developmental defects of
the fetal fissure and coloboma of the iris, choroid, and retina,
the nanophthalmic eye is typically reduced in volume with a
normal-sized crystalline lens, resulting in a high lens to eye
volume ratio.'

The incidence of NO was reported to range from 0.002%
to 0.017% in a British cohort.? Clinical features include a deep-
set globe within a small orbit with narrow palpebral fissures,
short axial length (<20.5 mm), axial hypermetropia (+8.00
to +20.00), a shallow and crowded anterior chamber, and
thickened sclera.>® The thickened and abnormal sclera causes
angle-closure glaucoma and posterior segment problems such
as uveal effusion (UE), macular hypoplasia, chorioretinal folds,
pseudopapilledema, and retinal pigment epithelium (RPE)
hyperpigmentation.’

UE may develop spontaneously or after an uncomplicated
anterior segment surgery such as cataract surgery.® Different
theories regarding the pathophysiology of UE have been
speculated, including vortex vein compression, choroidal
permeability changes, and decreased scleral permeability.” Gass®
proposed that subretinal fluid may be absorbed transsclerally
instead of through vortex veins and suggested that UE
develops not as a result of vortex vein compression, but because
the thickened and abnormal sclera blocks transscleral fluid
absorption. He also suggested that when the sclera is thinned
with sclerectomies, effusion may regress. It was reported that
resorption of the subretinal fluid could be achieved with
sclerectomies alone in a group of patients with UE.” Vortex vein
decompression, partial-thickness sclerectomy, partial-thickness
sclerectomy with mitomycin C (MMC), partial-thickness
sclerectomy with incision or punch sclerostomy, and subretinal
fluid drainage are some of the reported procedures to treat this
condition."’

However, glaucoma is another significant problem
encountered in eyes with NO."' When partial-thickness
sclerectomy and sclerotomy surgery is performed in four
quadrants, glaucoma surgery would be very problematic and
aggressive when needed later in life because of the scarred
conjunctiva. Therefore, an inferior two-quadrant surgery in eyes
with glaucoma may be a good option to protect the superior
quadrants from surgical damage.

The aim of our study was to report visual and anatomical
outcomes after two- or four-quadrant partial-thickness
sclerectomy and sclerotomy surgery for the treatment of
NO-related UE.

Materials and Methods

This  retrospective,
interventional case series included patients with NO-related
UE. The design of the study was approved by the local ethics
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non-comparative,  consecutive

committee of the university. The study protocol conformed to the
ethical guidelines of the 1975 Declaration of Helsinki, and all
participants gave written informed consent. The patients’ records
were reviewed to obtain complete ophthalmic examination
findings including best corrected visual acuity (BCVA), slit-
lamp examination, intraocular pressure (IOP) measurement,
fundus examination, optical coherence tomography (OCT),
and axial length (AL) measured with A-scan ultrasonography.
Patients with glaucoma underwent inferior two-quadrant, and
all others underwent four-quadrant partial-thickness sclerectomy
and sclerotomy surgery.

Surgical technique (Figure 1): All surgeries were done by
three experienced retinal surgeons (8.0., M.C.O,, and M.H.)
under retrobulbar anesthesia. Briefly, the technique involved
the creation of rectangular partial-thickness (two-thirds to
three-quarters) sclerectomies measuring approximately 6x4 mm
(depending on the size of the globe) in the two inferior quadrants
or all four quadrants. The anterior boundary was the rectus
muscle insertions, the posterior boundary was the vortex vein
ampulla to avoid its intrascleral course, and the lateral boundary
was the rectus muscles, leaving a very narrow strip of sclera
blocked by the muscle mass. The superior oblique muscle
insertion area was spared in the superotemporal quadrant to
avoid damage. First, a partial-thickness scleral incision was made
to delineate the extent and depth of the scleral dissection (Figure
la). Partial-thickness scleral flaps approximately 80-90% of the
original thickness were dissected and removed (Figure 1b,c). A
linear sclerotomy was created in the center of the sclerectomy
area to determine the thickness of remaining scleral until the
choroid is seen (Figure 1d). No attempt was made to drain the

subretinal fluid (except in 1 eye) or decompress the vortex veins.

Figure 1. a) Partial-thickness rectangular scleral incision is made to delineate
the scleral dissection. b, ¢) Dissection of the scleral flap to be removed. d) Linear
sclerotomy in the center of the sclerectomy area
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Surgery was performed only in the inferior two quadrants in 3
eyes of 3 patients with known glaucoma to preserve the superior
conjunctiva and sclera for glaucoma surgery that may be needed
in the future. Drainage of subretinal fluid was performed only in
1 eye with the most severe UE using a 20-gauge MVR kaife after
cauterizing the choroid in the superotemporal quadrant. The eye
was infused with balanced salt solution (BSS) through a limbal
incision during external drainage.

Postoperative control visits were performed at 2 weeks, 1,
3, 6, and 12 months, and every 6 months thereafter. Outcomes
were classified as total reattachment of the retina if the effusions
had resorbed entirely within 3 months, partial reattachment if
there was a reduction in the subretinal fluid over 3 months, and
unsuccessful if the fluid collections failed to improve within 3
months of surgery. A secondary surgery with superior quadrant
sclerectomies was suggested to patients who underwent primary
inferior two-quadrant sclerectomy if resolution of the subretinal
fluid was not observed in the first 3 months postoperatively.
Reoperation with mitomycin C (MMC) was performed in eyes
that underwent primary four-quadrant sclerectomy if subretinal
fluid increased during follow-up.

Statistical analysis

Data obtained in the study were analyzed statistically
using SPSS for Windows version 20 (IBM Corp., Armonk,
NY, USA). Values were summarized using mean + standard
deviation or median (minimum-maximum) according to data
distribution. Categorical variables were presented as number
(n) and percentage (%). Wilcoxon test was used to compare
preoperative and postoperative BCVA. A value of p<0.05 was
considered statistically significant.

Results

Fourteen eyes of 10 patients were included in the study.
Demographic features of the patients are shown in Table 1.
There were 7 male patients and 3 female patients, and the mean
age was 32.7+14.1 (14-64) years. Four of the 10 patients had
bilateral surgery. The mean AL of 14 eyes was 15.1+2.7 mm
(10.2-20.1 mm). The mean refractive error was +15.0+£3.9
diopters (D) (+8.00-+18.25 D). Nine right eyes and 5 left eyes
underwent surgery. Seven (50.0%) of 14 eyes had peripheral
retinal detachment (RD), 1 patient had bilateral (14.3%)
severe (highly elevated) localized macular RD with pigmentary
retinopathy, 4 of 14 eyes (28.6%) had both macular and
peripheral RD, and 1 eye had total RD. Four of 14 eyes (28.6%)
had glaucoma. Two patients had pseudophakia with piggyback
IOLs (operated elsewhere), and one of them underwent pars
plana vitrectomy (PPV) and intravitreal silicone oil tamponade
surgery for macular hole later (Table 1). Case 1 and 2 were
brother and sister whose father also had NO (case 10).

Eleven eyes had four-quadrant surgery, and 3 eyes with
known glaucoma (case 5, case 6, and case 10) had two-
quadrant surgery. Case 5 gradually resolved within 12 weeks
with only two-quadrant surgery. Case 6, however, showed a
transient partial resolution and required a second operation
at postoperative 4 months to complete four-quadrant surgery,
which resulted in total resolution of the subretinal fluid
within 3 months. Case 10 also needed surgery in the other two
quadrants at postoperative 8 months. This patient had highly
elevated retinoschisis in the temporal peripheral retina, sparing
the macula, which was demarcated with laser photocoagulation
later following total resolution of the UE. The median follow-up
after the surgery was 32.5 months (range 5-96 months). Final
outcome was total reattachment of the retina in 11 eyes (78.6%),
partial reattachment in 1 eye (7.1%), and recurrence in 2 eyes
(14.3%). The mean time to resolution after surgery was 8.4+7.1
weeks (range 1-20 weeks).

The mean preoperative BCVA in logarithm of the minimum
angle of resolution (logMAR) units was 1.50+0.53, which
significantly increased to 0.92+0.49 logMAR postoperatively
at the end of follow-up (p=0.002). BCVA improved in 12 eyes
(85.7%) and remained stable in 2 eyes (14.3%).

Case 3: A 14-year-old boy presented with BCVA of 20/400
with +17.00 D correction bilaterally. He had bilateral highly
elevated macular detachment with peripheral pigmentary
retinopathy. Following bilateral four-quadrant partial-thickness
sclerectomy and sclerotomy surgery, BCVA improved to 20/200
in both eyes with an evident subjective increase in visual quality
within 5 months. Fundus examination and OCT demonstrated
reduction in macular detachment height with partial resolution
of submacular fluid. However, his vision deteriorated again to
the preoperative level with an increase in macular UE height
at 9 months. Episcleral scarring was thought to be the reason
for the clinical worsening. Thus, he was reoperated with
MMC as suggested by Akduman et al.'? The sclera was seen
to be surprisingly thickened with fibrosis during the second
surgery and was resected in the same way as in the first surgery.
During postoperative follow-up, the subretinal fluid decreased
minimally (not as much as after the first surgery).

Case 6: A 36-year-old woman had BCVA of 20/400 in her
right eye and 20/60 in her left eye with +15.00 D correction
and AL of 16.2 and 16.4 mm, respectively. She had previously
undergone YAG laser iridotomy for narrow-angle glaucoma
elsewhere. IOP was 14 mmHg without medication. She had
foveal and peripheral RD in the right eye and peripheral limited
RD in the left eye. We opted to perform two-quadrant (inferior)
partial-thickness sclerectomy and sclerotomy surgery for the
right eye to preserve the superior quadrant for the possible future
need for glaucoma surgery. RD regressed partially during the
first postoperative month but recurred over the next 4 months.
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Another surgery was performed on the other two (superior)
quadrants, which resulted in regression of the UE starting in
the first postoperative days and total resolution at 12 weeks. Her
BCVA improved to 20/60 in the right eye during the 50-month
follow-up period. Three years later, the peripheral RD in the left
eye progressed, and a four-quadrant (instead of two-quadrant)
surgery was preferred because of our experience with her right
eye. UE regressed totally in 5 weeks, and her BCVA improved to
20/50 in the left eye within 5 months of follow-up.

Case 8: A 32-year-old man presented with complaints of
reduced vision in his right eye for 1.5 years and in his amblyopic
left eye for 5 years. His BCVA was only light perception in his
right eye, which used to be the better eye, and 20/500 in his
left eye with +8.00 correction, and AL was approximately 17
mm bilaterally. He had leukocoria and the retina was at the
back of the lens in his right eye (Figure 2a), and his left eye
showed subtotal foveal and superior peripheral RD (Figure
2b). The right eye was thought to be inoperable, and a four-
quadrant partial-thickness sclerectomy and sclerotomy surgery
was performed on his left eye. Following surgery, UE regressed
on postoperative day 1 and total reattachment was observed at 1
year (Figure 3). BCVA improved to 20/200 in the left eye. Eight
months later, the patient requested treatment for his right eye
and underwent four-quadrant partial-thickness sclerectomy and
sclerotomy with subretinal fluid drainage for his right eye. After
drainage of the subretinal fluid, the globe was repressurized with
BSS through a limbal incision during the surgery. The retina
moved posteriorly with drainage, but so did the crystalline lens.
The retina totally reattached starting on postoperative day 1. The
dislocated lens in the vitreous cavity was removed with PPV/
lensectomy, and scleral-fixated IOL implantation was done using

the modified Yamane technique in the right eye (Figure 4a). At

last follow-up at 29 months, the retinas were totally reattached
bilaterally and BCVA was 20/100 in the right eye and 20/200 in
the left eye (Figure 4b).

Figure 2. Case 8 had leukocoria with the retina at the back of the lens in his right
eye (a) and subtotal foveal and peripheral exudative detachment in his left eye (b)

7

Postoperative 5 months

7]

g

e
; % %
Postoperative 9 months

Figure 3. Spectral domain optical coherence tomography scans of the left eye of
case 8 revealed gradual resolution of the exudative RD with total reattachment at
2 years

RD: Retinal detachment
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stoperative 2 months

Postoperative 20 months

Figure 4. a) Spectral domain optical coherence tomography scans of the right
eye of case 8. Note that the retina was totally reattached following four-quadrant
scleral window surgery with drainage of subretinal fluid starting from the first
postoperative visit in the right eye and remained attached through the entire
follow-up period. b) Fundus images of both eyes of patient 8 showing resolution of
the exudative RD and total reattachment during 20-month follow-up

RD: Retinal detachment

Discussion

In the present study, a final retinal reattachment rate of
78.6% was achieved, followed by a functional improvement in
BCVA in 85.7% using a modified Gass technique in patients
with NO-related UE.

Gass® was the first to suggest the four-quadrant sclerectomy
and sclerostomy procedure to treat eyes with UE. He reported
total resolution of the supraciliochoroidal and subretinal fluid
with this technique within 3 months. Johnson and Gass’
reported a series of 23 eyes of 20 patients with idiopathic UE
syndrome (UES) operated with a similar technique where UE
resolution was seen within 6 months in 96% of the eyes after
one or two procedures, with stable or improved final VA in 91%
of the eyes.

The success rate in the present study was lower than that
reported by Johnson and Gass.” This may be because our cases
were all extreme NO-related UE in very small eyes (mean
AL 15.1 mm), in contrast to Gass series, which were all
idiopathic UES. It is important to note that surgery for UE in
nanophthalmic eyes has more complications, recurrence, and
disappointing results.'""?

Many authors have modified the technique in different ways,
with varying success rates. Jackson et al.! reported a multicenter
series of 10 patients with idiopathic UES treated with a modified
Gass technique with deeper sclerectomies (full-thickness or
deep enough to visualize the choroid and allow fluid to leak
through the sclera), with a 50% success rate. Uyama et al.”
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modified the technique to an inferior two-quadrant subscleral
sclerectomy with scleral flap and treated 19 eyes of 16 patients
with UE. Of the 6 eyes with NO-related UE in their series,
reattachment was achieved in 4 (66.6%), and the remaining 2
eyes needed a secondary procedure in the superior quadrants to
achieve reattachment, as in cases 6 and 10 in the present series.
Another modified technique involving full-thickness sclerotomy
without sclerectomy resulted in resolution of subretinal fluid
in 4 of 5 eyes with UE, 3 of which were associated with NO.!¢
Mansour et al.'” described an extensive circumferential partial-
thickness (90% depth) scleral excision technique very similar to
our technique in 8 eyes of 5 patients with NO-related UE and
reported rapid resolution of the effusion. Intravitreal anti-VEGF
injection was also suggested recently to increase the efficacy of
partial-thickness sclerectomy surgery for intractable UES."

Recurrences and repeated surgeries for UE have been
reported due to sclerectomy closure.””!” Johnson and Gass’
reported recurrences in 23% of their cases, all of which resolved
spontaneously or with an additional operation to remove scar
tissue from the sclerectomy sites and reopen the sclerostomies.
Jackson et al.' reported a total of 19 operations in 14 eyes with
idiopathic UES, where 4 eyes required multiple operations. It
was suggested that episcleral and scleral scarring might lead to
closure of the scleral windows after surgery, and topical application
of MMC might prevent such scarring at the sclerectomy site.'*"
We suppose that episcleral scarring was the cause of recurrence
of macular detachment in case 3 in the present study. However,
a second surgery with MMC did not help to control the macular
UE in this case. Our hypothesis for the limited response in this
patient was the lack of healthy RPE to pump subretinal fluid out
because of the pigmentary retinopathy.

The treatment of NO-related UE can be difficult. It is
suggested that choroidal inflammation might be an underlying
reason for UE.?* However, the results of studies on corticosteroid
therapy for the treatment of UE are not promising.”?"** Other
medical therapies such as topical non-steroidal anti-inflammatory
drugs, topical prostaglandin analogs, and systemic carbonic
anhydrase inhibitors have been reported only in a few case
reports.”>?

It is well known that glaucoma is very prevalent in eyes with
NO, most commonly angle-closure glaucoma with progressive
shallowing of the anterior chamber that narrows the angle
and causes pupillary block.?* The incidence of angle-closure
glaucoma in NO was reported to be 69.2% in a high-hyperopia
database.”” In the management of angle closure in these eyes,
laser iridectomy and argon-laser peripheral iridoplasty can be
performed. When laser treatments are ineffective, glaucoma
filtering surgeries may be needed.?

When surgical treatment for UE is needed in nanophthalmic
eyes, it may be logical to preserve the superior quadrants
for future possible glaucoma surgeries, especially when there
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is already known glaucoma. We believe that two-quadrant
sclerectomies can yield successful results in early, mild cases with
limited peripheral UE and longer AL (as in case 5). However, it
may not be sufficient in severe cases with bullous extensive UE,
where it may be necessary to complete the surgery in all four
quadrants to obtain the same favorable outcome, as in cases 6
and 10 in this study.

External transscleral subretinal fluid drainage is usually
avoided in these cases due to fear of complications like choroidal
hemorrhage during choroid puncture because the choroid may
be highly congested secondary to blocked transscleral drainage
caused by the thickened sclera in these eyes. However, we tried
this in the most severe case (patient 8, right eye), in which the
retina was behind the lens and vision was at the level of light
perception. Although expectations were extremely low, very
favorable and unexpected anatomical and functional outcomes
were achieved. This approach was recently described in two other
cases in the literature, with similar results and no complications.
Therefore, external drainage of subretinal fluid can be performed
in addition to sclerectomies for very advanced, highly bullous
UE and might lead to a quicker and better response.

Study Limitations

A limitation of our study was the small number of cases,
especially in the two-quadrant surgery group, which is basically
because of the low overall incidence of NO and associated UE
with glaucoma. However, strengths of the study were the unique
modified technique, being the largest single-center study on the
surgical treatment of NO-related UE with relatively long-term
follow-up, and the emphasis on two-quadrant surgery to preserve
the superior quadrants for future possible glaucoma surgeries in
eyes with glaucoma.

Conclusion

In conclusion, scleral thinning surgeries are effective
for the treatment of NO-related UE. Our results supported
the effectiveness of the four-quadrant extensive sclerectomy
technique. However, two-quadrant surgery might be successful
in mild cases with glaucoma to preserve the superior quadrants
for future glaucoma surgery. External transscleral drainage of
subretinal fluid may be an option in severe cases to achieve
quicker resolution.
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Abstract

Objectives: To compare best corrected visual acuity (BCVA), central macular thickness (CMT), and central choroidal thickness (CCT)
in patients with type 2 macular telangiectasia (MacTel 2) and a control group and to evaluate the efficacy of intravitreal anti-vascular
endothelial growth factor (anti-VEGF) treatment in MacTel 2 patients with macular neovascularization (MNV).

Materials and Methods: We conducted a retrospective chart review of consecutive MacTel 2 patients who underwent a full
ophthalmologic examination including BCVA and dilated fundus examination with slit-lamp biomicroscopy, fluorescein angiography,
and optical coherence tomography imaging at baseline and follow-up visits. BCVA, CMT, and CCT were compared between all identified
patients (n=26) and a control group (n=30). A subgroup analysis was performed among eyes with MNV (n=7) before and after treatment.
Results: CMT and CCT were significantly lower in the MacTel 2 group compared to the control group. Forty-one treatment-naive eyes
without MNV proliferation showed no significant change in BCVA, CMT, or CCT during follow-up. Eight eyes of 7 MacTel 2 patients
developed MNV during follow-up. All of the patients were treated with intravitreal anti-VEGE

Conclusion: It is important to closely follow MacTel 2 patients for MNV development. To avoid adverse effects, we prefer to monitor
patients who have not yet developed MNV. Patients with proliferative MacTel 2 with decreasing visual function may benefit from
intravitreal anti-VEGF treatment.

Keywords: Macular telangiectasia, macular neovascularization, anti-VEGF treatment

Introduction that causes reduced visual acuity and metamorphopsia, occurring
most commonly in middle-aged men and women.* Although it
has been shown that luteal pigment loss may be involved in the
pathogenesis of the disease,” Miiller cell dysfunction is known
to play critical role in the pathogenesis.® Visual loss may occur
due to atrophy of the foveal photoreceptors and foveal structural
changes.***>¢ MNV may occur in some patients and can cause

Idiopathic juxtafoveal telangiectasia (IMT) is associated with
foveal thinning, crystalline deposits in the macula, telangiectatic
vascular changes with leakage, and macular neovascularization
(MNV).! Gass and Blodi?* classified IMT into stages and groups.
Of the three groups, type 2 is the most common.” Macular
telangiectasia type 2 (MacTel 2) is an acquired bilateral disease
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serious visual deterioration.”” Various therapeutic approaches
have been used in patients with MacTel 2 complicated with
MNYV, including laser photocoagulation,® photodynamic therapy,’
transpupillary thermotherapy,'® intravitreal triamcinolone,'! and
anecortave acetate.'> Recently, anti-vascular endothelial growth
factor (anti-VEGF) therapy has become the preferred treatment
option. !>

The aim of our study was to compare best corrected visual
acuity (BCVA), central macular thickness (CMT), and central
choroidal thickness (CCT) in MacTel 2 and a control group and
to evaluate the efficacy of intravitreal anti-VEGF therapy in
MacTel 2 patients with MN'V.

Materials and Methods

This retrospective study included a series of consecutive
patients with MacTel 2 who were examined between January
2012 and December 2019 in our ophthalmology department.
Eyes with ocular pathology causing decreased vision, such as
diabetic retinopathy or age-related macular degeneration, were
excluded from the study. MacTel 2 patients with at least 6
months of follow-up were included in the study. An age-matched
control group was selected from healthy patients with no
systemic disease. This study was approved by Baskent University
Institutional Review Board (project no:19/63) and informed
consent was obtained from each subject.

Forty-nine eyes of 26 MacTel 2 patients and 60 eyes of 30
healthy control patients were included in the study. All patients
underwent a full ophthalmologic examination including dilated
fundus examination with slit-lamp biomicroscopy, BCVA, color
fundus photography, fluorescein angiography (FA; Zeiss Visucam
500), and optical coherence tomography (OCT; Heidelberg
Engineering, Heidelberg, Germany) imaging at baseline and
follow-up visits. The clinical criteria for the diagnosis of MacTel
2 included small intraretinal crystalline deposits, parafoveal
graying of the retina, and presence of pigment clumps and right
angle venules." Parafoveal telangiectatic capillaries observed in
the mid-arteriovenous phase and late phase leakage surrounding
the fovea is diagnostic in FA. Submacular neovascular membrane
was confirmed on OCT imaging and FA. Signs of MNV include
increased CMT on OCT, presence of retinal hemorrhage, or
decline in visual acuity from baseline.

BCVA, CMT, and CCT were compared between all identified
patients (n=26) and the control group (n=30). A subgroup
analysis was performed among eyes with MNV (n=7) before and
after treatment.

Statistical Analyses

Statistical analysis of the data was performed using SPSS
version 23.0 package program (IBM Corp, Armonk, NY).
Categorical measurements were summarized as number and
percentage, continuous measurements as mean and standard
deviation (or median and minimum-maximum where necessary).
Chi-square test or Fisher test statistic was used to compare
categorical variables. Data distribution was checked for
comparison of continuous measurements between groups; Mann-
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Whitney U test was used for non-normally distributed and
Student’s t test for normally distributed parameters. Wilcoxon
test was used to compare values before and after treatment. The
statistical significance level was 0.05 in all tests.

Results

There were 23 women and 3 men in the MacTel 2 group and
30 women in the control group. The mean age of the MacTel
2 group was 65.54 years (range 53-83, median 65) and that of
the control group was 61.86 years (range: 47-77, median: 62).
There was no statistically significant difference in age and gender
between the groups. Mean follow-up time was 33.6 months
(range: 6-72).

CMT and CCT were significantly lower in the MacTel 2
group compared to the control group (Figures 1 and 2). Mean
CMT was 243.55 pm (range: 161-318, median: 241) in the
MacTel 2 group and 263.58 pm (range: 225-295, median: 263)
in the control group (p=0.0001). Mean CCT in the MacTel 2
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Figure 1. Central macular thickness (CMT) was significantly lower in the MacTel
2 group compared to the control group (p=0.0001)
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Figure 2. Central choroidal thickness (CCT) was significantly lower in the MacTel
2 group compared to the control group (p=0.014)
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Figure 3. Fundus photograph of the left eye of a 53-year-old female patient showed temporal parafoveal foci of retinal pigment epithelium hyperplasia with foveal
pigmentary change (left image). She presented to the clinic with acute vision loss 1 year after the diagnosis (middle image) due to retinal hemorrhages and choroidal
neovascularization. The right image was taken after 3 doses of anti-VEGF treatment and shows regression of the macular neovascularization

and control groups was 273.04 pm (range 184-378, median 265)
and 289.83 pm (range: 245-336, median: 289), respectively
(p=0.014).

The 41 treatment-naive eyes without MNV showed no
significant change in BCVA (p=0.058), CMT (p=0.304), or CCT
(p=0.062) during follow-up.

Eight eyes of 7 MacTel 2 patients developed MNV during
follow-up (Figure 3). All of the patients were treated with
intravitreal anti-VEGF injection. Six eyes were treated with
intravitreal ranibizumab (Lucentis; Genentech, Inc, South San
Francisco, CA) and two were treated with aflibercept (Eylea;
Regeneron, Tarrytown, New York) (Figure 4a-c). CMT and CCT
decreased slightly after treatment but not significantly. Mean
CMT before treatment was 252.33 pm (range 216-297, median
250.16) and after treatment 237.33 pm (range 215-254, median
237.33) (p=0.123). Mean CCT before treatment was 279.12
pm (range 210-325, median 285.5) and after treatment 262 pm
(range 235-288, median 262) (p=0.123). Best corrected visual
acuity improved in 5 eyes, decreased in 2 eyes, and remained the
same in 1 eye.

Discussion

MacTel 2 is a neuroretinal degenerative condition with
vascular involvement, telangiectasia, and deeper retinal vessel
proliferation.>”"> Miiller cells play a role in its pathogenesis.*>!¢
Spectral-domain OCT reveals hyperreflective spots in the external
parafoveal retinal layers in the absence of FA findings. These
hyperreflective spots are due to nonspecific neurodegenerative
development.'” Late FA leakage occurs before capillary dilation.?
Gass and Oyakawa'® also emphasized in their study that retinal
fluorescein dyeing occurs before capillary dilation. Central vision
loss may occur as a result of photoreceptor atrophy without
macular edema.” The primary impairment in MacTel 2 is in
Miiller cells or parafoveal neural cells. The disease does not
involve the deep external retinal juxtafoveal capillaries.” Late FA
leakage is not due to increased retinal vascular permeability but

Figure 4. Optical coherence tomography and fundus photographs of the same
MacTel 2 patient showing small intraretinal crystalline deposits (A). During
follow-up, the patient’s vision decreased due to macular neovascular membrane
with active choroidal neovascularization (B). After intravitreal anti-VEGF therapy,
her macular lesion regressed and the fluid resolved, with improved visual acuity (C)
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is a result of damaged retinal cells, intracellular dye diffusion,
1615 Clinicopathologic studies
have shown that rod and cone photoreceptors in the central
macular area are preserved, whereas Miiller cells are reduced.®
In patients who develop MV, the role of VEGF molecules
in the pathogenesis continues to be controversial. Yanuzzi et
al.” proposed that endothelial cell degeneration may be the
triggering factor of a vasogenic mechanism without ischemia

and extracellular matrix staining.

and inflammation. Some investigators suggested that endothelial
cell degeneration may be initiated by Miiller cell dysfunction.'>*
Green et al.?! emphasized that retinal hypoxia due to endothelial
degeneration and capillary structural disruption may increase
angiogenesis and VEGF release. Spaide et al.?
retinal-choroidal anastomoses were commonly observed in eyes
with MacTel 2 without MNV using projection-resolved OCT
angiography. This study suggests MacTel 2 is more than just a
neurodegenerative disease with secondary abnormalities, as the
choroid may be involved in the disease process.

Although some authors have stated that choroidal thickness
did not differ between eyes with MacTel 2 and age-matched
healthy subjects,”?! in our study we determined that CMT
and CCT were lower in the MacTel 2 group compared to the
control group in long-term follow-up. This may be due to the
neuroretinal degenerative nature of the disease, and MacTel 2
may also include abnormalities involving the choroid, though
these are likely minor in comparison to the predominant
retinal changes.”>” Eight eyes (16.3%) of 7 patients developed
MNV. CCT and CMT were reduced in all eyes after anti-VEGF
treatment (mean 1.87 injections, range 1-3, median 2). In 5 eyes,
vision improved by more than 2 lines.

In another study including 25 eyes of 20 patients with MNV
membrane secondary to MacTel type 2, patients received an
average of 8.4 injections over 3 years of follow-up."’ Intravitreal
anti-VEGF monotherapy appears to be safe and effective in
MacTel 2 patients who develop MNV.

MacTel 2 patients without MNV in our series received
no treatment and showed no statistically significant change
in BCVA, CMT, or CCT during follow-up. It was reported
previously that intravitreal anti-VEGF therapy for macular
telangiectasia without MNV was effective in reducing macular
thickness but did not improve visual acuity.***"*? A recent
study indicated that anti-VEGF treatment might even have an
adverse effect on the retinal neurodegenerative process in patients
with nonproliferative MacTel 2 because of VEGF’s role in the
maintenance of cones and Miiller cells.”

mentioned that

Study Limitations
The most important limitations of our study are that it was
retrospective and included a small number of patients.

Conclusion

Patients with MacTel 2 must be closely monitored for the
development of MNV. To date, there is no evidence for effective
treatment of nonproliferative MacTel 2.>*3! We prefer follow-up
without treatment for patients who have not developed MNV to
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avoid potential adverse effects. Intravitreal anti-VEGF therapy
may be beneficial for patients with proliferative MacTel 2 and
declining visual acuity.”!
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Abstract

Objectives: To evaluate the effect of upper eyelid surgery on ocular surface and corneal topography.

Materials and Methods: Patients who underwent upper eyelid blepharoplasty and/or blepharoptosis repair were evaluated
prospectively. Tear film break-up time (TBUT), Schirmer tests, corneal staining pattern, Ocular Surface Disease Index questionnaire,
corneal topography, and autorefractor parameters were measured preoperatively and at 1 day, 1 week, 1 month, 3 months, and 6 months
postoperatively.

Results: Thirty-two eyes of 20 patients (9 male, 11 female) were included in the study. The mean age was 44.8+18.9 years (range: 8-74).
Patients were divided into the following 3 groups according to the type of surgery performed: upper eyelid blepharoplasty (group 1),
upper eyelid blepharoplasty and levator advancement ptosis surgery (group 2), and levator advancement ptosis surgery (group 3). There
was a significant decrease in Schirmer test results at 6 months in groups 1 and 2 but no change in group 3. TBUT values were decreased
at 1 week in group 3 (p=0.028) and returned to baseline at 1 month. Corneal punctate staining was detected at 1 day and 1 week in all
groups. On corneal topography, group 3 showed a significant change in K2 values (0.3 diopters) at 1 month (p=0.006). There was no
statistically significant change in autorefractor measurements postoperatively compared to preoperative values (p>0.05).
Conclusion: Depending on the type of surgical procedure performed, blepharoptosis repair and upper eyelid blepharoplasty can lead
to dry eye of varying severity that may persist at postoperative 6 months.

Keywords: Blepharoptosis, dry eye syndrome, corneal topography, blepharoplasty

Introduction such as the lacrimal gland, auxiliary tear glands, meibomian
glands, and the orbicularis muscle, thereby negatively impacting
tear production. Studies have reported that upper eyelid
blepharoplasty and blepharoptosis repair cause dry eye symptoms
and ocular irritation symptoms in patients postoperatively, but
these symptoms regress within a few days or a few weeks after
surgery.! 234

Pressure exerted by the eyelids causes flattening of the
peripheral cornea and steepening in the central cornea, which can

Blepharoptosis and dermatochalasis are common upper
eyelid diseases that cause anatomic and functional impairment.
Although upper eyelid surgery provides successful anatomic
results, dry eye and irritative symptoms can also develop
postoperatively.

Upper eyelid surgery can lead to postoperative dry eye
symptoms by affecting other anatomical structures in the eyelid,
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result in alterations in with-the-rule astigmatism.’ It is known
that hemangioma, gold implants, and lesions such as dermoid
cysts in the eyelids can affect the shape of the cornea.’ Studies
have also evaluated the effects of upper eyelid surgery on corneal
topography 67891011

The aim of the present study was to evaluate the early and
late effects of different surgical interventions for blepharoptosis
and dermatochalasis on the ocular surface and corneal topography.

Materials and Methods

This prospective study included 32 eyes of 20 patients with
no previous surgical history or concomitant ocular disease who
underwent surgery for ptosis and/or dermatochalasis in the
oculoplastic surgery clinic of the Istanbul University Department
of Ophthalmology between April 2014 and June 2014.

All patients in the study provided informed consent and
ethical approval was obtained from the faculty ethics committee.

The patients underwent a full ophthalmologic examination
including best corrected visual acuity, intraocular pressure
measurement, biomicroscopic examination, and fundus
examination.

Surgical technique was selected according to the patients’
levator function (LF) and the coexistence of dermatochalasis
with ptosis. LF was determined by asking the patient to look
up and down while pressing on the brow and measuring the
excursion of the upper eyelid margin. A distance <5 mm was
regarded as poor, 6-11 mm as fair, and 212 mm as good LE"
Frontal suspension surgery was planned for patients with poor
LE, and levator resection was planned for patients with fair to
good LF (>5 mm). Upper eyelid blepharoplasty was performed
alone or in combination with levator resection in patients with
dermatochalasis depending on whether they had concomitant
ptosis.

In terms of dry eye, patients were evaluated using anesthetized
and unanesthetized Schirmer tests, tear film break-up time
(TBUT), corneal staining pattern according to the Oxford scale,
and the Ocular Surface Disease Index (OSDI) questionnaire.
OSDI scores of 0-12 were interpreted as the absence of ocular
surface disease, 13-22 as mild, 23-32 as moderate, and 33-100
as severe ocular surface disease.'?

Schirmer tests were performed by placing Schirmer strips
(Tearstrip, Contacare, India) in the outer third of the lower lid
fornix, with and without topical anesthesia (Alcaine 0.5%, Alcon,
Turkey), and measuring the distance wetted in millimeters after
5 minutes. Results of <10 mm/S min for the unanesthetized
Schirmer test and <5 mm/5 min for the anesthetized Schirmer
test were considered abnormal.

Corneal and conjunctival staining patterns were graded
using the Oxford scale by asking the patient to blink several
times after staining the ocular surface with a fluorescein strip
(Fluostrips, Netherlands). Staining was rated as absent (0),
minimal (1), mild (2), moderate (3), marked (4), or severe (5)
according to the Oxford scale.®

TBUT was measured after instilling fluorescein dye as the
time between the last blink and the first break in the dye on the
cornea under biomicroscopic examination at x10 magnification
with cobalt blue filter.'® A TBUT <5 s was interpreted as
suggestive of dry eye.'’

Autorefractometry and corneal topography (Oculus Pentacam
HR) measurements were obtained to measure the patients’
refractive changes. The mean of 3 autorefractometer readings
was recorded. Corneal topography was evaluated in a single
measurement with high scan quality obtained after the patient
blinked twice. All assessments and complete ophthalmological
examination were performed preoperatively and repeated at
postoperative 1 day, 1 week, 1 month, 3 months, and 6 months.

The patients were divided into 3 groups according to the
surgery performed: upper eyelid blepharoplasty (group 1),
upper eyelid blepharoplasty and levator resection (group 2), and
levator resection (group 3). Within each group, ocular surface
and refractive changes at postoperative 1 day, 1 week, 1 month,
3 months, and 6 months were evaluated by comparing with
preoperative values. Changes in refractive values of 0.2 D or
greater were considered clinically significant because they may
cause noticeable visual complaints.’

Statistical Analysis

All results were statistically analyzed using SPSS software
(version 21.0, IBM Corp, Armonk, NY, USA). Results were
compared using the nonparametric Friedman test, and those
with significant results in the Friedman test were evaluated by
post-hoc analysis. In the statistical analysis, p values of <0.05
were regarded as significant, <0.001 as highly significant, and
>0.05 as insignificant.

Results

Thirty-two eyes of 20 patients were included in the study.
There were 11 female patients and 9 male patients, and the
mean age was 44.8+18.9 years (range, 8-74). Twelve patients
underwent bilateral surgery and 8 underwent unilateral surgery.

According to the surgery performed, 12 eyes were included
in group 1, 8 eyes in group 2, and 12 eyes in group 3.

Table 1 shows the comparison of pre- and postoperative
unanesthetized Schirmer test values within the groups. In
group 2, values were lower at all postoperative visits compared
to preoperative values, with statistically significant decreases
at postoperative 1 day, 1 week, and 6 months (p=0.006,
p=0.025, and p=0.003, respectively). There were no significant
postoperative changes in groups 1 or 3 (p>0.05).

The comparison of the groups’ pre- and postoperative
anesthetized Schirmer test results is shown in Table 2. In group
1, there was no significant change compared to preoperative
measurements, although the change between postoperative 1 day
and 3 months was statistically significant (p=0.008). In group
2, all postoperative values were lower than preoperative values,
with significant decreases at 1 day, 1 month, and 6 months
(p=0.013, p=0.008, and p=0.001, respectively). In group 3,
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we detected no significant difference between preoperative and
postoperative measurements (p>0.05).

Changes in corneal punctate staining patterns according
to the Oxford scale observed in the operated eyes are shown
in Table 3. Corneal punctate staining was not observed in any
eye preoperatively, while eyes in all groups exhibited corneal
punctate staining of varying severity according to the Oxford
scale at postoperative 1 day and 1 week. In group 2, corneal
punctate staining persisted at 6 months.

Table 4 shows the comparison of preoperative and
postoperative TBUT values within the groups. There was
no statistically significant change in postoperative TBUT
compared to preoperative values in groups 1 and 2. In group 3,

TBUT was significant decreased at postoperative 1 week when
compared with preoperative values (p=0.028) but returned to
the preoperative level at postoperative 1 month.

Table 5 shows the comparison of preoperative and
postoperative OSDI scores within the three groups. Although
none of the patients were diagnosed with dry eye preoperatively,
their preoperative OSDI questionnaire scores indicated mild,
moderate, and severe ocular surface disease in 3, 3, and 9
patients, respectively, while the other 5 patients had no ocular
surface disease. Postoperative OSDI scores decreased in group 1
but not significantly (p>0.05), while significantly decreases were
observed in groups 2 and 3 at postoperative 6 months compared
to preoperative values (p=0.005 and p=0.012, respectively).

Table 1. Comparison of pre- and postoperative unanesthetized Schirmer test results (mm/5 min) within the surgical groups
Unanesthetized Group 1 Group 2 Group 3

. value value value
Schirmer test mean + SD P mean + SD p mean  SD p
Preop 24+8 18+3 22+8
Postop 1 day 22+7.7 11+5.2¢ 25+10.4
Postop 1 week 19+8 9+6° 23+9

0.053 0.001 0.732

Postop 1 month 2348 11+6 23+7
Postop 3 months 19+9 116 206
Postop 6 months 25+9 11+6¢ 18+8
Preop: Preoperative. Postop: Postoperative. SD: Standard deviation
“The difference between preoperative and postoperative 1 day values was significant in post-hoc analysis (p=0.006).
"The difference between preoperative and postoperative 1 week values was significant in post-hoc analysis (p=0.025).
“The difference between preoperative and postoperative 6 months values was significant in post-hoc analysis (p=0.003).

Table 2. Comparison of pre- and postoperative anesthetized Schirmer test results (mm/5 min) within the surgical groups

Unanesthetized Group 1 value Group 2 value Group 3 value
Schirmer test mean  SD P mean + SD P mean + SD p
Preop 20+6 15+3 137
Postop 1 day 17+6.2 6+5.6° 14+7.2
Postop 1 week 147 86 15+8
0.041 0.001 0.716
Postop 1 month 16+7 8+5¢ 17+7
Postop 3 months 136 10+4 14+7
Postop 6 months 16+6 6+6° 11+7

Preop: Preoperative, Postop: Postoperative, SD: Standard deviation

“The difference between postoperative 1 day and 3 months values was significant in post-hoc analysis (p=0.008).

"The difference between preoperative and postoperative 1 day values was significant in post-hoc analysis (p=0.013).
“The difference between preoperative and postoperative 1 month values was significant in post-hoc analysis (p=0.008).
“The difference between preoperative and postoperative 6 months values was significant in post-hoc analysis (p=0.001).

Table 3. Change in corneal punctate staining patterns in the surgical groups (n = number of eyes)

Corneal punctate staining Group 1 (n=12)

Group 2 (n=8) Group 3 (n=12)

Preop

Postop 1 day

Postop 1 week

Postop 1 month

Postop 3 months

S |lo|o|IN |~ O

Postop 6 months

S |—= o |Ww|lw|o

0
5
6
4
4
3

Preop: Preoperative, Postop: Postoperative
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When autorefractometric spherical values were examined,
none of the groups showed a significant change in postoperative
spherical values compared to preoperative values (p>0.05).
In group 1, spherical values were decreased at 1 week (mean
0.88+0.71 D) and increased at 3 months (mean 1.25+0.73 D)
when compared with preoperative values (mean 1+0.70 D), with
a significant difference between 1 week and 3 months (0.37 D
change, p<0.05).

“The postoperative autorefractometric cylindrical values
of the surgical groups are shown in Table 6. Compared
to preoperative values, autorefractometric cylindrical values
showed changes of 0.25 D starting from postoperative day 1
in group 1, at postoperative 1 week and 1 month in group 2,

and at postoperative 1 day in group 3, but the differences were
not statistically significant (p>0.05). Cylindrical axis values
increased by 10° or more at postoperative 1 month in group 1, at
6 months in group 2, and starting from 1 week in group 3, but
the differences were not statistically significant (p>0.05).

The surgical groups’ postoperative keratometric values (K1,
K2) on corneal topography were compared with preoperative
values. Compared to preoperative values, K1 changed by 0.2 D
or more at postoperative 1 day in group 1, from postoperative
1 month in group 2, and at postoperative 1 month in group 3,
but the differences were not statistically significant (p>0.05).
K2 values in groups 1 and 2 did not change by 0.2 D or more
or show any statistically significant differences. In group 3, K2

Table 4. Comparison of pre- and postoperative tear film break-up time (TBUT) measurements within the surgical groups
Group 1 Group 2 Group 3
TBUT () mean  SD p value mean + SD p value mean + SD p value
Preop 10+3 6+3 8+2
Postop 1 day 9.5+2.8 4.5+2.9 6.5+3.3
Postop 1 week 10+4 S+4 5£2°
0.086 0.074 0.001
Postop 1 month 10+3 5+4 8+2
Postop 3 months 9+3 6+3 9+2
Postop 6 months 10+2 64 8+2
Preop: Preoperative, Postop: Postoperative, SD: Standard deviation
“The difference between preoperative and postoperative 1 week values was significant in post-hoc analysis (p=0.028).

Table 5. Comparison of pre- and postoperative Ocular Surface Disease index (OSDI) scores within the surgical groups
Group 1 Group 2 Group 3
OSDI score TRy ) p value B ) p value iR i ) p value
Preop 23.9(2.1-68.1) 53(8.3-58.3) 32.3(0-77.3)
Postop 1 day 4.2 (0-79.5) 56.3 (4.2-64.6) 19.5 (4.6-63.6)
Postop 1 week 3.1(0-84.1) 35.3 (6.3-77.1) 14 (0-68.2)
0.208 0.021 0.024

Postop 1 month 13.5 (0-83.3) 20.4(2.1-70.1) 12.5 (0-50)
Postop 3 months 17.7 (2.1-79.2) 28.4(0-70.8) 15.9 (0-40.9)
Postop 6 months 6.3 (2.1-95.5) 12.5 (2.1-64.6) 9.5 (0-40.9)°
Preop: Preoperative, Postop: Postoperative, SD: Standard deviation
“The difference between preoperative and postoperative 6 months values was significant in post-hoc analysis (p=0.005).
"The difference between preoperative and postoperative 6 months values was significant in post-hoc analysis (p=0.012).
Table 6. Comparison of pre- and postoperative autorefractometric cylindrical values within the surgical groups

N Group 1 Group 2 Group 3
Cylindrical values (D) mean + SD p value mean + SD p value mean + SD p value
Preop -0.50£1.12 -1.13+0.28 -0.88+0.73
Postop 1 day -0.75+1.08 -1.13+0.49 -1.13+091
Postop 1 week -0.75+1.08 -0.88+0.30 -0.88+1.23

0.284 0.777 0.716

Postop 1 month -0.75+1.04 -0.75+0.53 -0.88+0.64
Postop 3 months -0.75+1.19 -1.13+0.52 -0.75+0.47
Postop 6 months -0.75+1.23 -1+0.40 -0.75+0.74
D: Diopters, Preop: Preoperative, Postop: Postoperative, SD: Standard deviation
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values changed by 0.2 D or more compared to preoperative
values starting at postoperative 1 week, with a statistically
significant difference (0.3 D) at postoperative 1 month compared
to the preoperative values (p=0.006).

Discussion

Upper eyelid blepharoplasty and blepharoptosis repair are
known to cause dry eye symptoms and ocular irritation findings
in the postoperative period.'**

Black et al.'® determined that there was a temporary reduction
in eyelid sensation after upper eyelid surgery and attributed this
decrease to damage to the trigeminal nerve branches that receive
sensation from the upper eyelid during incision and dissection.
In addition to direct nerve damage, it is also known that ocular
surface sensation can be diminished because of proinflammatory
cytokines and opioid peptides, which increase as a result of
inflammation."”* Reduced ocular surface sensation results in
decreased tear production.”

In a study evaluating ocular surface sensation and tear
production in patients who underwent upper eyelid blepharoplasty
or blepharoptosis repair, Kim et al.” reported that ocular surface
sensation was reduced in all patients at postoperative 1 day and
returned to preoperative values at 1 month. Contrary to other
studies, they observed an increase in Schirmer test results at
postoperative 1 month. Yan et al.” also reported an increase
in Schirmer 1 and noninvasive TBUT measurements 1 week
after upper eyelid blepharoplasty in young patients. Unculu et
al.® prospectively evaluated dry eye parameters in 11 patients
who underwent transcutaneous levator resection and found a
significant decrease in Schirmer 1 test values at postoperative 1
month.

In the present study, we detected no significant change in
postoperative Schirmer test results in the group that underwent
only levator surgery. The statistically significant decrease
observed in the blepharoplasty group suggests a mechanism
associated with the orbicularis muscle. Orbicularis muscle
excision is believed to weaken the orbicularis muscle, reduce
the blinking reflex, and decrease corneal sensation and tear
secretion due to damage to trigeminal nerve branches, resulting
in a decrease in basal and reflex tears. Zloto et al.** performed
upper eyelid blepharoplasty without orbicularis muscle excision
and observed no change in objective and subjective dry eye
parameters when preoperative and postoperative tests were
compared. This supports the hypothesis regarding the role of the
orbicularis muscle in the development of dry eye. In addition, the
decrease in Schirmer test values observed at postoperative 1 day
may be associated with a reduction in corneal sensitivity caused
by proinflammatory cytokines and opioid peptides.

In previous studies with short-term postoperative follow-
up, it was reported that dry eye findings appeared in the
early postoperative period but resolved within a few weeks
or months."?"* Demirok et al.?* evaluated late Schirmer test,
TBUT, and OSDI values in 81 patients who were followed for at
least 6 months after upper eyelid blepharoplasty and compared
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them with preoperative values. They reported no change in
Schirmer test and OSDI scores but a statistically significant
decrease in TBUT values at postoperative 6 months and beyond.
However, no change in TBUT values was observed after upper
eyelid blepharoplasty in two studies by Shao et al.?> and Soares et
al.” Unculu et al.* also detected no change in TBUT after levator
resection surgery.

In contrast to these studies, we found that TBUT was
significantly decreased at postoperative 1 week and returned to
preoperative values after postoperative 1 month in the group that
underwent only levator surgery. We thought that TBUT, which
is associated with tear film stability, may have been temporarily
reduced as a result of decreased blinking reflex, insufficient
blinking, and transient meibomian gland dysfunction caused by
perioperative local anesthetics and postoperative inflammation,
but this effect was not observed in all groups.

Unlike previous studies, the patients in our study were
followed up at regular intervals until postoperative 6 months,
and the significant reduction in Schirmer test results and corneal
punctate staining at postoperative 6 months demonstrated that
dry eye findings persisted in the postoperative long term.

A study by Vold et al.?® showed that patients with
dermatochalasis developed subjective dry eye symptoms that
regressed after upper eyelid blepharoplasty. Yan et al.”! reported
that the postoperative OSDI scores of patients who underwent
upper eyelid surgery changed significantly postoperatively,
independent of dry eye findings. Similar to the study conducted
by Vold et al.?%, we observed in this study that none of the
patients had preoperative dry eye signs, but their OSDI scores
suggested the presence of subjective dry eye symptoms. In our
study, the decrease in OSDI scores at postoperative 6 months
in the combined surgery and levator surgery groups was not
correlated with Schirmer test results, consistent with the study
by Yan et al.?!, and we thought the decrease in OSDI may have
been related to postoperative patient satisfaction.

Studies have also evaluated the effects of upper eyelid surgery
on corneal topography>®’#%101127 Tn a study by Zinkernager
et al.’, patients undergoing surgery for dermatochalasis or
ptosis were divided into three groups according to the surgery
performed: ptosis repair by levator surgery, blepharoplasty
performed with skin-only removal, and blepharoplasty with skin
and fat pad removal. At postoperative 3 months, they detected
astigmatic changes of 0.19 D in the blepharoplasty with fat
pad reduction group and 0.25 D in the ptosis repair by levator
surgery group, while no statistically significant change was
detected in the astigmatic axis. In the study, astigmatic changes
of 0.2 D or greater were considered clinically significant because
based on the authors’ experience, changes of this magnitude
could affect visual acuity and be noticed by the patient.

In a study by Brown et al.?’ evaluating blepharoplasty and
ptosis surgeries, patients in the ptosis group had a mean change
of 0.6 D, with 30% having changes greater than 1 D. In the
blepharoplasty group, keratometry showed a mean change of
0.55 D, and only 11% of patients had a change greater than 1 D.



Aksu Ceylan and Yeniad. Upper Eyelid Surgery and the Ocular Surface

Mean astigmatic change after upper eyelid blepharoplasty
was reported as 0.22 D in a study by Altin Ekin et al.® and 0.15
D in a study by Simsek et al.” Savino et al.” examined corneal
topographic changes after ptosis surgery and found a change
of 0.15 D in mean keratometry values, 0.26 D in astigmatism,
and 10° in mean axis values. On the other hand, Dogan et al.'
reported detecting postoperative changes only in K2 values
after upper eyelid blepharoplasty, with no changes in other
keratometric values.

Unlike other studies, we evaluated autorefractometric
measurements in addition to corneal topography in the present
study. We detected no significant postoperative changes in
autorefractometric spherical and cylindrical values compared to
preoperative values. As observed by Dogan et al.'’ in patients
undergoing upper eyelid blepharoplasty, the only significant
difference in corneal topography was a change of 0.3 D in K2
values at postoperative 1 month in the group undergoing levator
surgery, but this change did not persist at postoperative 3 and
6 months. Similar to the studies by Dogan et al."” and Nalct et
al.", we detected no other significant postoperative changes in
other keratometric values.

Previous studies have suggested that upper eyelid surgery
changes the pressure exerted by the eyelid on the cornea and
that the resulting change in cornea shape may cause refractive
changes.””® However, as these patients were evaluated at a single
postoperative visit, it is not clear whether the refractive changes
persisted at later visits. Simgek et al.” assessed corneal topography
at postoperative 1 and 3 months and detected astigmatic changes
at both time points. In our study, patients were followed up until
postoperative 6 months, and although the group undergoing
levator surgery showed a change at postoperative 1 month, we
observed no astigmatic changes at subsequent visits, leading
us to conclude that upper eyelid surgery did not permanently
alter corneal topography. As studies have yielded different
results regarding the effect of upper eyelid surgery on corneal
keratometric values, further studies with larger patient groups
are needed.

Study Limitations

Although we prospectively evaluated the effects of different
upper eyelid surgeries on corneal topography and the ocular
surface, prospective studies with larger patient samples are
needed because of the small number of patients included in this
study. In addition, although our follow-up period was longer
than in previous studies, even longer postoperative follow-up to
evaluate whether dry eye findings are temporary would further
contribute to the literature.

Conclusion

Depending on the surgical procedure performed, ptosis
surgery and upper lid blepharoplasty can lead to dry eye of varying
severity that may persist at postoperative 6 months. Assessment
of corneal topography in patients who underwent upper eyelid
surgery showed that levator surgery could cause temporary

refractive changes, whereas upper eyelid blepharoplasty was not
associated with postoperative keratometric change.
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Abstract

Long-term exposure to microgravity and space radiation leads to physiological and pathological changes in human biology. Pathological
neuro-ocular changes are collected under the name spaceflight-associated neuro-ocular syndrome. This review examines studies on the

effects of microgravity and space radiation on the ocular structures and their results. In addition, we discuss treatment methods and
hypotheses to reduce the effects of microgravity and space radiation on biological structures.

Keywords: Space radiation, microgravity, spaceflight-associated neuro-ocular syndrome, artificial gravity

Introduction

The space race began on October 4, 1957, when the Soviet
Union (USSR) launched the artificial satellite Sputnik 1,
followed soon after by the first animal and manned flights. At
present, space studies continue on the International Space Station
(ISS), which was built by joining modules brought together in
a collaborative project by the United States National Aerospace
Agency (NASA), Russian Federal Space Agency (Roscosmos),
European Space Agency (ESA), Canadian Space Agency (CAS-
ASC), and Japan Aerospace Exploration Agency (JAXA). The ISS
is an artificial satellite in low Earth orbit that can be inhabited
by humans. Thanks to the ISS, the number of long-duration
spaceflights such as low orbit flights and Moon missions is
increasing. This has also increased the number of people exposed
to space conditions. Space studies have revealed several problems
that affect human biology, such as low gravity, lack of atmosphere,
galactic cosmic rays (GCR), and solar energetic particles (SEP).!

Microgravity (MG) and space radiation constitute a major part
of these problems. Solutions to these and many other problems
are necessary to enable human beings to explore the solar system
and beyond.

GCR and SEP are an important problem affecting manned
space missions. GCR consist of high-energy protons, high-
energy ions, neutrons, gamma and x-rays, and secondary particles
formed as a result of particles colliding with spacecraft and
human tissues. These rays cause molecular bond breaks and
mutations in DNA, resulting in cell damage, tumors and tissue
degeneration, cataract, heart disease, central nervous system
damage, and acute radiation syndrome.” The effects of radiation
on human tissues can be investigated by examining dosimetric
results in people with occupational radiation exposure on Earth
and those participating in space missions, as well as radiation
dose information obtained from robotic exploration tools sent to
planets for research purposes. However, all of these are indirect
assessments. It should be noted that the detectors are silicone

Address for Correspondence: Bahadir Ozelbaykal, Kadirli State Hospital, Clinic of Ophthalmology, Osmaniye, Turkey
E-mail: bhdrozelbaykal @hotmail.com ORCID-ID: orcid.org/0000-0001-5898-9016
Received: 20.10.2020 Accepted: 06.05.2021

Cite this article as: Ozerbaykal B, Ogretmenoglu G, Gedik S. The Effects of Space Radiation and Microgravity on Ocular Structures. Turk J Ophthalmol 2022;52:57-63

OCopyright 2022 by Turkish Ophthalmological Association
Turkish Journal of Ophthalmology, published by Galenos Publishing House.

57


https://orcid.org/0000-0001-5898-9016
https://orcid.org/0000-0002-8098-4833
https://orcid.org/0000-0002-9509-0832

Turk J Ophthalmol 52; 1: 2022

in structure. The annual radiation dose limit for people with
occupational radiation exposure on Earth is 50 millisievert
(mSv).> Although the ISS is slightly protected by Earth’s
magnetic field, the level of radiation exposure for humans in
the station was measured as approximately 200 mSv per year.*
According to data obtained by the radiation assessment detector
on the Curiosity space probe sent to Mars, the approximate
dose of radiation exposure incurred during the roundtrip flight
to Mars (2x180 days) and 500 days on the Mars surface was
calculated as 1.01 Sv.’ Radiation exposure on the surface of Mars
is greater than on Earth because Mars has a thin atmosphere
and no global magnetic field to deflect energy-laden particles.
According to results obtained in the Chinese Chang’e 4 robotic
mission to the Moon’s Von Kdrmdn crater, the daily GCR dose
on the Moon’s surface was found to be 2.6 times higher than the
daily exposure on the ISS.° Epidemiological data indicate that
exposure to 1 Sv of radiation increases the likelihood of cancer
development by 5.5%.% In this case, long-duration deep space
missions are many times over the current physiological limits.
Therefore, solutions must be developed to protect crew members
from space radiation.

Table 1 shows the upper limits for space radiation exposure of
tissues and organs determined by the International Commission
on Radiological Protection.”

Effects of Space Radiation on the Eye

Phosphenes

Astronauts in the Apollo program, a crewed lunar landing
project conducted between 1961 and 1975, noticed flashes of
light (phosphenes) in their eyes during deep space missions.
Flashes of light have also been reported by astronauts working
on the ISS. Research revealed that these phosphenes were the
result of GCR and SEP stimulating the retina, optic nerve,
and occipital cortex.*>!° Similar phosphenes are seen in ocular
oncology and in radiotherapeutic interventions applied to the
head and neck region."' In addition, cosmic rays entering at
certain angles can interact with the vitreous and cause bright
blue phosphenes through the Cherenkov effect.'” While few
astronauts have seen this type of phosphene, the more commonly
seen phosphenes are those that appear as moving or static white
dots or lines."*!* Chemical luminance due to radiation-induced
lipid peroxidation around photoreceptors has been shown to
form bioluminescent photons.”

Cataract Development

Mutations in the genes that control the transparency of
the intraocular lens'® lead to the development of apoptosis
cataracts in the germinal zone cells that provide crystalline
lens transparency.” Due to the high radiation doses involved in
deep space travel, studies are being conducted on the effects of
low- and high-dose radiation exposure on the crystalline lens.
According to results from phase 2 of the two-phase, 5-year
NASA Study of Cataract in Astronauts (NASCA), cortical
cataract progression rate was associated with space radiation dose.
However, there was no relationship between space radiation and
nuclear or posterior subcapsular cataract.'®

In a cohort study in which radiologic technologists exposed
to low-dose radiation (<100 mGy) were followed for an average
of 12.4-13.1 years, it was determined that the risk of cataract
development increased but not the risk of cataract surgery.”
Cortical cataract can cause glare and reduce visual acuity.
Therefore, further studies with longer follow-up periods are
needed to understand the effects of space radiation on cataract
development.

Effects of Microgravity on Ocular Tissues

Gravity is a natural phenomenon that causes one object to
move toward another. Despite the general belief that space is
devoid of gravity, some degree of gravity is present everywhere
in space. Gravity is the force that keeps the Moon in orbit around
the Earth, the Earth in orbit around the Sun, and the Sun in its
place in the Milky Way galaxy. The ISS orbits the Earth at a
distance of 400 km and a speed of approximately 27,743 km/h.
At this altitude, gravity is 90% of that present on the Earth’s
surface. The reason the ISS does not crash to the Earth despite
being subjected to 90% of Earth’s gravity is the high speed at
which it travels in orbit. As all objects in Earth’s orbit are in
a state of continuous free fall, the effect of gravity is not felt.
However, internal stress caused by tidal forces is not zero, as this
only happens in the complete absence of gravity. The term MG
refers to a free-fall state with very small tidal effects associated
with gravity.

Due to the high cost of conducting all biological studies in
an MG environment, various methods are used to create a similar
environment on Earth. These methods include dry immersion,
wet immersion, unilateral lower-extremity limb suspension,
head-down tile (HDT), supine bed rest, and Einstein’s elevator,
with HDT believed to best simulate the MG-induced cephalad
fluid shift.*

Table 1. NASA and ESA dose limits

Organ 30 days 1 year
Central nervous system 500 mGy 1000 mGy
Eye 0.5 Sv 18v
Circulatory system 250 mGy-Eq 500 mGy-Eq
Blood-forming organs 0.25 Sv 0.5 Sv

Skin 1.5 Sv 3 Sv

NASA: National Aeronautics and Space Administration, ESA: European Space Agency, mGy: milligray, Sv: sievert
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MG has serious adverse effects on human physiology. The
cardiovascular and musculoskeletal systems are particularly
affected. On Earth, blood pressure is higher in the legs and feet
because of gravity. However, hydrostatic pressure disappears in
the MG environment. As a result, arterial pressure equalizes
throughout the body. In addition, within a few minutes of MG
exposure, approximately 2 liters of blood shifts from the lower
part of the body to the cephalic region.”" At 1g, cephalic arterial
pressure is lower (approximately 70 mmHg), while the blood
pressure in the feet is higher (approximately 200 mmHg). In the
early stage of adaptation to the MG environment, redistribution
causes an increase in central blood volume. As a result, blood
pressure in the upper parts of the body increases, heart rate
decreases due to stimulation of neck baroreceptors, vasodilation
is observed, and mean arterial pressure decreases.”” In addition,
MG causes facial edema, diuresis, reduced plasma volume,
osteoporosis, sarcopenia, and kidney stones.?!?>%4

Another important problem caused by MG is vision
problems detected in astronauts participating in space flights.
This phenomenon increases as the duration in space increases.
Changes in visual function in astronauts were first reported in
the Mercury, Gemini 5, and Gemini 7 missions, and research on
the cause of this problem was immediately undertaken because
of its impact on astronauts’ health and missions.’

Some astronauts who participated in long-duration
spaceflights had neuro-ocular structural and functional changes
such as decreased visual performance, increased hypermetropic
refractive error (+0.5 to +1.75 D), papillary edema, cotton-
wool spots, posterior globe flattening and choroidal folds on
orbital magnetic resonance imaging (MRI) and ultrasound (US),
and retinal nerve fiber layer thickening on optical coherence
tomography (OCT).” The condition involving these findings
was later named spaceflight-associated neuro-ocular syndrome
(SANS). Here again, we would like to point out that cases
referred to as SANS were observed in people who had returned
to Earth after spaceflight and were examined at a gravitational
force of 1g. As the signs were similar to those of terrestrial
idiopathic intracranial hypertension (IIH), lumbar puncture
(LP) was performed and demonstrated borderline elevation in
cerebrospinal fluid (CSF) pressure.”> However, the reported
intracranial pressure values were the result of LP performed some
time after the astronauts returned to Earth. This may actually
make an elevated intracranial pressure seem lower. Therefore,
research is being done on methods that can be applied and
provide CSF pressure measurement in space.

Although there are some similarities between IIH and
SANS, there are also differences between the two conditions. For
example, none of the astronauts reported complaints of pulsatile
synchronized tinnitus, diplopia, or chronic headache. Although
some astronauts described a mild headache thought to be
associated with space adaptation syndrome, these headaches are
not similar to those seen in ITH. In addition, none of the astronauts
had a history of obesity or the use of drugs that cause elevated
intracranial pressure. While cotton wool spots are seen around
the optic nerve in ITH, they can also be widely distributed on the

retina in SANS. Papillary edema associated with ITH is bilateral,
whereas in SANS it is unilateral or bilateral and markedly
asymmetric.”® On orbital US, OCT, MRI, and computed
tomography, posterior globe flattening and CSF accumulation
in the subarachnoid space are more prominent in SANS than in
ITH.?%7% Posterior globe flattening is accompanied by choroidal
folds. A study examining the types of folds seen in ITH showed
that choroidal folds the least common.?” However, choroidal
folds are frequently seen in SANS. The choroidal folds seen in
SANS may be associated with anterior deformation (toward
the vitreous) of the peripapillary retinal pigment epithelium/
Bowman’s membrane layer due to optic disc edema or, as Newell
hypothesized, increased choriocapillaris layer thickness and
adhesions between the choriocapillaris and Bruch’s membrane.*
We believe this is why the choroidal folds cannot regress despite
resolution of the optic disc edema.

Various studies have demonstrated an increase in intraocular
pressure with acute exposure to simulated and actual MG

3132 Tater in flight it was observed that intraocular

environments.
pressure approached normal, pre-flight levels. Causes of this
increase in intraocular pressure following acute exposure may
include increased choroidal thickness, increased episcleral venous
pressure, and narrowing of the anterior chamber angle.?3%3°36
The reduction in intraocular pressure with chronic exposure
may be attributable to an increase in compensatory aqueous
humor drainage and a decrease in aqueous humor synthesis due

to dehydration.>*¥’

Theories Regarding the Pathogenesis of SANS

The first proposed theory is that intracranial pressure is
increased due to the displacement of blood from the legs to
the cephalic region during long-duration space flights. On
Earth, CSF is secreted from the choroid plexus and drains
into low-pressure cervical venous vessels. Although vascular
autoregulation stabilizes cerebral and optic nerve head artery
diameters, cerebral and jugular venous distension has been
demonstrated in HDT and MG environments.”® A Doppler
study conducted in the MG environment showed retrograde
internal jugular venous flow, which was reported to predispose
to thrombus formation.”” Reduced drainage of CSF into the
venous system due to spaceflight and cerebral venous expansion
and CSF displacement into the intracranial compartment may
increase intracranial pressure, and this pressure increase may
be transferred to the optic nerve sheath and lead to optic nerve
sheath expansion. This can result in axoplasmic flow stasis and
globe flattening, which also occurs in terrestrial ITH. The modest
increase in CSF pressure (28-28.5 cmHZO) observed in some
astronauts may support this hypothesis. Other risk factors for
elevated CSF pressure are resistance exercises, increased carbon
dioxide (COZ) level in the environment, high salt consumption,
and vascular hyperpermeability due to low levels of folate, which
regulates nitric oxide (NO) release associated with defects in the
vitamin B-12-dependent 1-carbon transfer pathway.*#!

There are several findings that may contradict the hypothesis
of MG-induced CSF pressure elevation. No astronauts have
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experienced chronic severe headache, temporary vision
obscurations, or diplopia. Although typical headache symptoms
are common in terrestrial ITH, complaints of headache are
less common in ISS astronauts and the pain differs from that
described in ITH. Temporary vision obscuration occurs at a rate
of 68% in terrestrial IIH, whereas no such complaint has been
reported in SANS to date. Similarly, diplopia can be seen in 30%
of patients with terrestrial IIH but has never been observed in
SANS.*

Patients with terrestrial ITH usually exhibit bilateral papillary
edema; unilateral papillary edema occurs at a rate of only
3-10%.%% In a study of 5 astronauts who participated in long-
duration spaceflight, it was observed that optic disc edema was
frequently asymmetrical (asymmetric in 1 astronaut, unilateral
in 2 astronauts, and symmetric in 2 astronauts). In another study,
an astronaut who developed unilateral disc edema because of a
previous spaceflight was reported to develop optic disc edema
again on the same side in the following spaceflight.* If disc
edema was caused by venous stasis associated with cephalad fluid
shift in MG, the edema would be expected to resolve quickly
once back in Earth gravity (1g). However, it has been shown that
in some cases this edema persisted for 6 months after returning
to Earth, while changes seen on OCT lasted for 630 days.”’ As
in terrestrial ITH, there is no marked increase in CSF pressure in
SANS. In addition, while optic atrophy develops as a result of
long-term papillary edema in IIH, optic atrophy after papillary
edema has not yet been reported in SANS. Another proposed
theory is the compartmentalization theory.?* According to this
theory, optic disc edema, optic nerve sheath expansion, and other
findings of SANS develop due to changes in the intraorbital
part of the optic nerve, independent of increases in CSF pressure.
The cul-de-sac-like anatomical junction between the intracranial
subarachnoid space and the orbital subarachnoid space may
cause disruption of CSF flow in the MG environment during
spaceflights. Chronic cephalad fluid shift in MG might disrupt
intraorbital CSF flow. Impaired orbital CSF drainage can lead to
optic nerve compartment syndrome due to CSF accumulation in
the optic nerve sheath within the orbit.”?” Cases of optic nerve
meningocele/dural ectasia are also thought to be associated with
congenitally disordered CSF circulation in the orbital section
of the optic nerve and subarachnoid space.***” The findings are
strikingly similar to SANS.

Another hypothesis involves MG-induced flow imbalance in
the glymphatic system of the optic nerve head.®* The hypothesis
regarding insufficient lymphatic drainage in the optic nerve head
due to MG was proposed by Thornton and Bonato. According
to this hypothesis, optic nerve edema and optic nerve sheath
expansion in astronauts are thought to be the result of blocked
optic nerve lymphatic flow. MG-induced lymphatic obstruction
may block CSF drainage in the subarachnoid space and cause a
localized pressure increase in the optic nerve. Elevated pressure
in the subarachnoid space may alter the translamina cribrosa
pressure gradient, directing Bruch’s membrane angle toward the
vitreous and resulting in compression of the lymphatic pathways
and blockage of the lymphatic drainage in the prelaminar region.
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As a result, various degrees of papillary edema can be seen
without an increase in intracranial pressure.’® Further studies
should be conducted in MG environments to examine the role of
the ocular glymphatic system in SANS.

Measures to Reduce These Effects

What options does someone have if they develop a visual
impairment in space? Would this jeopardize the mission,
especially on long-duration flights like to Mars? This possibility
is prompting space agencies to work on this issue. There are a
number of proposed solutions to mitigate space-related problems
encountered before landing on journeys to Mars and beyond.
Some of the suggested solutions related to MG, which is the
most important of these problems, are as follows:

The simplest way to create artificial gravity is through
centrifugal artificial gravity using centrifugal force. The gravity
(g) created by centrifugal force can be calculated with the formula,
g= ? x 7, where @ is the angular velocity and 7 is the radius
of the circle traveled. For a person subjected to centrifugal force,
the gravitational force applied along the head-to-foot axis (Gz)
is not uniform like the Earth’s gravitational force. The strength
of the Gz force varies according to the distance of the body parts
from the center. The same effect could be produced by rotating
the spacecraft, but this approach would not be logical because
it would cause motion sickness in astronauts due to Coriolis
forces.’" The length of the arm that creates the centrifugal force
will affect the spin rate; a shorter rotational radius requires faster
rotation, which causes motion sickness. Therefore, it would
be logical to extend the radius and reduce the rotation rate.””
To avoid these adverse effects of centrifugal artificial gravity
systems, linear artificial gravity systems (Turbolift) are also being
designed.” After understanding the effect of artificial gravity on
human physiology, the necessary dose and duration of artificial
gravity therapies should be calculated.

Another alternative method is to apply lower body negative
pressure (LBNP). The LBNP suit is designed to be worn
over the lower abdomen and legs at regular intervals while in
space to redirect blood into the lower body through negative
pressure. Macias et al.>® observed that applying 25 mmHg of
negative pressure to the lower extremities reversed the increases
in intraocular and intracranial pressure induced by simulated
MG (HDT). Another method employed to reduce the effects
of MG-induced cephalad fluid shift is venoconstrictive cuffs.
Similar to LBNP, their aim is to reduce venous return from
the legs to the heart.”? However, we believe it would be more
physiologically sound to ensure that pressure applied to prevent
venous return is distributed across the entire vessel.

To increase tolerance to orthostatic hypotension caused by
1.2g exposure during the return from space to Earth, studies
are being carried out on anti-G suits used by combat pilots,
which apply positive pressure to the lower extremities and lower
abdomen.”

Some researchers recommend the use of acetazolamide for
symptomatic cases of optic disc edema during spaceflight.
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However, it should be noted that this drug predisposes to
dehydration and kidney stone development and has an intraocular
pressure-lowering effect.”®

In terms of radiation, conventional shields of reasonable
thickness provide effective protection against SEP during space
missions, whereas thicker passive shields or active electromagnetic
shields should be used for high-energy GCR. However, these
methods are not practical. If shields of insufficient thickness
are used, secondary particles created by the interaction of GCR
with the atoms in the shield pose an additional health risk to the
crew. Therefore, studies on methods that can reduce the effects of
GCRs for long-duration space missions are essential.

In addition to aluminum for passive protection against
GCR, methods such as using shields containing high hydrogen,
carbon (graphite), or boric acid (boron), placing lunar regolith
in the body of the spacecraft, or storing spacecraft fuel around
the body can be used.>””*® Studies are also being conducted on
the feasibility of storing water and liquid waste between flexible
metals as a radiation shielding method.’®* After the Lunar
Reconnaissance Orbiter detected low magnetic fields regions on
the Moon’s surface, the possibility of establishing colonies and
facilities there is being evaluated.

Dietary countermeasures against the harmful effects of
reactive oxygen species formed by GCR include the use of
antioxidants and drugs such as vitamin A, vitamin C, omega-
3, and ferric- and hexacyanoferrate-containing Radiogardase

(Prussian blue).%061.62

Conclusion

Further research is needed to increase human resilience to the
conditions of space. Attempting to improve our understanding
of the physiopathology of SANS and the effect of radiation on
tissues will not only help people traveling in space, but also
elucidate the physiopathology of diseases seen on Earth. The
mechanisms of optic nerve supply and CSF circulation around
the optic nerve are still unclear. The MG environment has
demonstrated what can happen when fluid dynamics are altered.
These studies will enable us to better understand the fluid and
tissue dynamics of the optic nerve and develop novel approaches
to optic nerve diseases.

Peer-review: Externally peer reviewed.

Authorship Contributions

Concept: B.O., GO, S.G., Design: B.O., GO, .G,
Data Collection or Processing: B.O., G.O., $.G., Analysis or
Interpretation: B.O., GO, S.G., Literature Search: B.O., GO,
S.G., Writing: B.O., G.O., S.G.

Contflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: The authors declared that this scudy
received no financial support.

10.

11.

12.

13.

14.

15.

References

Alexander DJ, Gibson RC, Hamilton DR, Lee SMC, Mader TH, Otto C,
Oubre CM, Pass AF, Platts SH, Scott JM, Smith SM, Stenger MB, Westby
CM, Zanello SB. Human Research Program Human Health Countermeasures
Element Evidence Report Risk of Spaceflight-Induced Intracranial
Hypertension and Vision Alterations. 2012.

Cucinotta FA, Kim M-HY, Ren L. Evaluating shielding effectiveness
for reducing space radiation cancer risks.
2006;41:1173-1185.

ICRP. The 2007 Recommendations of the International Commission on
Radiological Protection. ICRP Publication 103. Ann. ICRP 37 (2-4).

Zeitlin C, Hassler DM, Cucinotta FA, Ehresmann B, Wimmer-Schweingruber
RE Brinza DE, Kang S, Weigle G, Bottcher S, Bohm E, Burmeister S, Guo J,
Kohler J, Martin C, Posner A, Rafkin S, Reitz G. Measurements of energetic
particle radiation in transit to Mars on the Mars Science Laboratory. Science.
2013;340:1080-1084.

Hassler DM, Zeitlin C, Wimmer-Schweingruber RE, Ehresmann B, Rafkin
S, Eigenbrode JL, Brinza DE, Weigle G, Bottcher S, Bshm E, Burmeister S,
Guo J, Kohler J, Martin C, Reitz G, Cucinotta FA, Kim MH, Grinspoon D,
Bullock MA, Posner A, Gémez-Elvira J, Vasavada A, Grotzinger JP. Mars’
surface radiation environment measured with the Mars Science Laboratory’s
Curiosity rover. Science. 2014;343:1244797.

Zhang S, Wimmer-Schweingruber RE Yu J, Wang C, Fu Q, Zou Y, Sun Y,
Wang C,, Hou D, S. B. I., Burmeister S, Seimetz L, Schuster B, Knierim V,
Shen G, Yuan B, Lohf H,, Guo J, X. Z., Freiherr von Forstner JL, Kulkarni SR,
Xu H, Xue C, Li ], Zhang Z, Zhang H, & Berger T, M. D., Hellweg CE, Hou
X, Cao J, Chang Z, Zhang B, Chen Y, Geng H, Quan Z. First measurements
of the radiation dose on the lunar surface. Sci. Adv. 2020;6:eaaz1334.
Cucinotta FA. NASA’s Permisible Exposure Limits, NASA Space Flight
Human-System Standard Radiation risk acceptability and limitations.
Washington D.C2010: 5-6.

Charman WN, Dennis JA, Fazio GG, Jelley JV. Visual sensations produced by
single fast particles. Nature. 1971;230:522-524.

Duntley SQ, Austin RW, Taylor JH, Harris JH. Experiment S-8/D-13, Visual
Acuity and Astronaut Visibility. 1966;121:329.

Narici L, Bidoli V, Casolino M, De Pascale MP, Furano G, Morselli A, Picozza
P, Reali E, Sparvoli R, Licoccia S, Romagnoli P, Traversa E, Sannita WG,
Loizzo A, Galper A, Khodarovich A, Korotkov MG, Popov A, Vavilov N,
Avdeev S, Salnitskii VP, Shevchenko OI, Petrov VP, Trukhanov KA, Boezio
M, Bonvicini W, Vacchi A, Zampa N, Battiston R, Mazzenga G, Ricci M,
Spillantini B, Castellini G, Carlson P, Fuglesang C. ALTEA: anomalous long
term effects in astronauts. A probe on the influence of cosmic radiation and
microgravity on the central nervous system during long flights. Adv Space
Res. 2003;31:141-146.

Mathis T, Vignot S, Leal C, Caujolle JP, Maschi C, Mauget-Fajsse M,
Kodjikian L, Baillif S, Herault J, Thariat J. Mechanisms of phosphenes in
irradiated patients. Oncotarget. 2017;8:64579-64590.

Newman E Asadi-Zeydabadi M, Durairaj VD, Ding M, Stuhr K, Kavanagh B.
Visual sensations during megavoltage radiotherapy to the orbit attributable to
Cherenkov radiation. Med Phys. 2008;35:77-80.

Fuglesang C, Narici L, Picozza P, Sannita WG. Phosphenes in low earth orbit:

Radiation Measurements.

survey responses from 59 astronauts. Aviat Space Environ Med. 2006;77:449-
452.

Avdeev S, Bidoli V, Casolino M, De Grandis E, Furano G, Morselli A, Narici L,
De Pascale MP, Picozza P, Reali E, Sparvoli R, Boezio M, Carlson P, Bonvicini
W, Vacchi A, Zampa N, Castellini G, Fuglesang C, Galper A, Khodarovich
A, Ozerov Y, Popov A, Vavilov N, Mazzenga G, Ricci M, Sannita WG,
Spillantini P. Eye light flashes on the Mir space station. Acta Astronaut. 2002;
50:511-525.

Narici L, De Martino A, Brunetti V, Rinaldi A, Sannita W, Paci MJRM.
Radicals excess in the retina: a model for light flashes in space. 2009;44:203-
205.

61



16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

62

Turk J Ophthalmol 52; 1: 2022

Lipman RM, Tripathi BJ, Tripathi RC. Cataracts induced by microwave and
ionizing radiation 1988;33:200-210.

Belkacémi Y, Touboul E, Méric J.B. Rat B, Warnet JM. Cataracte radio-
induite: aspects physiopathologiques,radiobiologiques et cliniques.Cancer/
Radiother 2001;5:397-412.

Chylack LT , Feiveson AH, Peterson LE, Tung WH, Wear ML, Marak L],
Hardy DS, Chappell L], Cucinotta FA. NASCA report 2: Longitudinal study
of relationship of exposure to space radiation and risk of lens opacity. Radiat
Res. 2012;178:25-32.

Little MP, Cahoon EK, Kitahara CM,Simon SL, Hamada N.Linet MS.
Occupational radiation exposure and excess additive risk of cataract incidence
in a cohort of US radiologic technologists. Occup Environ Med. 2020;77:1-8.
Pandiarajan M, Hargens AR. Ground-Based Analogs for Human Spaceflight.
Front Physiol.2020;11:716.

Gharib C, Hughson RL. Fluid and electrolyte regulation in space. Adv Space
Biol Med.1992;2:113-130.

Huang AS, Stenger MB, Macias BR. Gravitational Influence on Intraocular
Pressure: Implications for Spaceflight and Disease. ] Glaucoma. 2019;28:756-
764.

Aleci C. From international ophthalmology to space ophthalmology: the
threats to vision on the way to Moon and Mars colonization. Int Ophthalmol.
2020;40:775-786.

Pietrzyk RA, Jones JA, Sams CE Whitson PA. Renal stone formation among
astronauts. Aviat Space Environ Med. 2007;78:A9-13.

Mader TH, Gibson CR, Pass AE, Kramer LA, Lee AG, Fogarty J, Tarver WJ,
Dervay JP, Hamilton DR, Sargsyan A, Phillips JL, Tran D, Lipsky W, Choi J,
Stern C, Kuyumjian R, Polk JD. Optic disc edema, globe flattening, choroidal
folds, and hyperopic shifts observed in astronauts after long-duration space
flight. Ophthalmology. 2011;118:2058-2069.

Mader TH, Gibson CR, Hart SE Lee AG. Asymmetric Papilledema in
Idiopathic Intracranial Hypertension: Comment. J Neuroophthalmol.
2016;36:111-112.

Mader TH, Gibson CR, Otto CA, Sargsyan AE, Miller NR, Subramanian
PS, Hart SE, Lipsky W, Patel NB, Lee AG. Persistent Asymmetric Optic Disc
Swelling After Long-Duration Space Flight: Implications for Pathogenesis. J
Neuroophthalmol. 2017;37:133-139.

Dailey RA, Mills RP, Stimac GK, Shults WT, Kalina RE. The natural
history and CT appearance of acquired hyperopia with choroidal folds.
Ophthalmology. 1986;93:1336-1342.

Sibony PA, Kupersmith M]J, Feldon SE, Wang JK, Garvin M. Retinal and
Choroidal Folds in Papilledema. Invest Ophthalmol Vis Sci. 2015;56:5670-
5680.

Newell FW. Choroidal folds. The seventh Harry Searls Gradle Memorial
lecture. Am J Ophthalmol. 1973;75:930-942.

Chiquet C, Custaud MA, Le Traon AP, Millet C, Gharib C, Denis P. Changes
in intraocular pressure during prolonged (7-day) head-down tilt bedrest. J
Glaucoma. 2003;12:204-208.

Draeger ], Schwartz R, Groenhoff S, Stern C. Self-tonometry under
microgravity conditions. Clin Investig. 1993;71:700-703.

Mader TH, Gibson CR, Caputo M, Hunter N, Taylor G, Chatles J, Meehan
RT. Intraocular pressure and retinal vascular changes during transient
exposure to microgravity. Am J Ophthalmol. 1993;115:347-350.

Mader TH, Taylor GR, Hunter N, Caputo M, Meehan RT. Intraocular
pressure, retinal vascular, and visual acuity changes during 48 hours of 10
degrees head-down tilt. Aviat Space Environ Med. 1990;61:810-813.

Friberg TR, Sanborn G, Weinreb RN. Intraocular and episcleral venous
pressure increase during inverted posture. Am J Ophthalmol. 1987;103:523-
526.

Shinojima A, Iwasaki K, Aoki K, Ogawa Y, Yanagida R, Yuzawa M.
Subfoveal choroidal thickness and foveal retinal thickness during head-down
tilt. Aviat Space Environ Med. 2012; 83:388-393.

Manko OM, Smoleevsky AE, Tomilovskaya ES, Kozlovskaya IB. Effect of 5-day
dry immersion on eye hydrodynamics. Aviakosmicheskaya i Ekologicheskaya
Meditsina (Russia). 2019;V.53,75,22-28.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Marshall-Goebel K, Stevens B, Rao CV, Suarez JI, Calvillo E, Arbeille B,
Sangi-Haghpeykar H, Donoviel DB, Mulder E, Bershad EM. Internal Jugular
Vein Volume During Head-Down Tilt and Carbon Dioxide Exposure in the
SPACECOT Study. Aerosp Med Hum Perform. 2018;89:351-356.

Karina Marshall-Goebel K, Laurie SS, Alferova IV. Assessment of Jugular
Venous Blood Flow Stasis and Thrombosis During Spaceflight. JAMA Netw
Open. 2019;2:¢1915011.

Forstermann U. Nitric oxide and oxidative stress in vascular disease. Pflugers
Arch. 2010;459:923-939.

Zwart SR, Gibson CR, Mader TH, Ericson K, Ploutz-Snyder R, Heer M,
Smith SM. Vision changes after spaceflight are related to alterations in folate-
and vitamin B-12-dependent one-carbon metabolism. J Nutr. 2012;142:427-
431.

Giusefti V, Wall M, Siegel PZ, Rojas PB. Symptoms and disease associations
in idiopathic intracranial hypertension (pseudotumor cerebri): a case-control
study. Neurology. 1991;41:239-244.

Bidot S, Bruce BB, Saindane AM, Newman NJ, Biousse V. Asymmetric
papilledema in idiopathic intracranial hypertension. J Neuroophthalmol.
2015;35:31-36.

Mader TH, Gibson CR, Pass AFE, Lee AG, Killer HE, Hansen HC, Dervay JB,
Barratt MR, Tarver WJ, Sargsyan AE, Kramer LA, Riascos R, Bedi DG, Pettit
DR. Optic disc edema in an astronaut after repeat long-duration space flight.
J Neuroophthalmol. 2013;33:249-255.

Killer HE, Jaggi GPB, 2 Flammer J, Miller NR, Huber AR, Mironov A.
Cerebrospinal fluid dynamics between the intracranial and the subarachnoid
space of the optic nerve. Is it always bidirectional? Brain. 2007;130:514-520.
Mesa-Gutiérrez JC, Quifiones SM, Ginebreda JA. Optic nerve sheath
meningocele. Clin Ophthalmol. 2008;2:661-668.

Bakbak B, Donmez H, Kansu T, Kiratli H. Dural ectasia of the optic nerve
sheath: is it always benign? Eye Brain. 2009;1:5-7.

Mathieu E, Gupta N, Ahari A, Zhou X, Hanna J, Yiicel YH. Evidence for
Cerebrospinal Fluid Entry Into the Optic Nerve via a Glymphatic Pathway.
Invest Ophthalmol Vis Sci. 2017;58:4784-4791.

Wostyn P, Killer HE, De Deyn PP. Glymphatic stasis at the site of the lamina
cribrosa as a potential mechanism underlying open-angle glaucoma. Clin Exp
Ophthalmol. 2017;45:539-547.

Thornton W, Bonato E Cephalic Fluid Dynamics and Ocular Changes in
Weightlessness. The Human Body and Weightlessness; Springer. 2017:99-
120.

Hargens AR, Bhattacharya R, Schneider SM. Space physiology VI: exercise,
artificial gravity, and countermeasure development for prolonged space flight.
Eur J Appl Physiol. 2013;113:2183-2192.

Clément G. International roadmap for artificial gravity research. NPJ
Microgravity. 2017;3:29.

Gruber K, Seyedmadani K, Torin C. The Turbolift: Linear Sled Hybrid
Artificial Gravity Concept 2018 NASA Innovative Advance Concepts (NIAC)
Phase I Final Report NNX17AJ77G.

Macias BR, Liu JH, Grande-Gutierrez N, Hargens AR. Intraocular and
intracranial pressures during head-down tilt with lower body negative
pressure. Aerosp Med Hum Perform. 2015;86:3-7.

Lee SMC, Ribeiro LC, Laurie SS, Feiveson AH, Kitov VV, Kofman IS, Macias
BR, Rosenberg M, Rukavishnikov IV, Tomilovskaya ES, Bloomberg JJ,
Kozlovskaya IB, Reschke ME, Stenger MB Efficacy of Gradient Compression
Garments in the Hours After Long-Duration Spaceflight. Front. Physiol.
2020;11:784.

Taibbi G, Cromwell RL, Kapoor KG, Godley BE Vizzeri G. The effect
of microgravity on ocular structures and visual function: a review. Surv
Ophthalmol. 2013;58:155-163.

Ozdemir T, Akbay I, Uzun H, Reyhancan IA. Neutron shielding of EPDM
rubber with boric acid: mechanical, thermal properties and neutron absorption
tests. Progress in Nuclear Energy. 2016;89:102-109.

Ruhlmann S. The FLARE Suit: A protection against solar radiation in
space.Degree project in mechanical engineering, second cycle, 30 credits,
Stockholm, Sweden 2019.



59.

60.

Ozelbaykal et al. Effects of Space on the Eye

Baiocco G, Giraudo M, Bocchini L, Barbieri S, Locantore I, Brussolo E,
Giacosa D, Meucci L, Steffenino S, Ballario A, Barresi B, Barresi R, Benassai
M, Ravagnolo L, Narici L, Rizzo A, Carrubba E, Carubia E, Neri G, Crisconio
M, Piccirillo S, Valentini G, Barbero S, Giacci M, Lobascio C, Ottolenghi A.
A water-filled garment to protect astronauts during interplanetary missions
tested on board the ISS. Life Sci Space Res (Amst). 2018;18:1-11.

Kennedy AR, Weissman D, Sanzari JK, Krigsfeld GS, Wan XS, Romero-
Weaver AL, Diffenderfer ES, Lin L, Cengel K. Acute effects of solar particle
event radiation. J Radiat Res. 2014;55:166-i67.

6l.

62.

Langell J, Jennings R, Clark J, Ward JB. Pharmacological agents for the
prevention and treatment of toxic radiation exposure in spaceflight. Aviat
Space Environ Med. 2008;79:651-660.

Wambi C, Sanzari J, Wan XS, Nuth M, Davis J, Ko YH, Sayers CM, Baran
M, Ware JH, Kennedy AR. Dietary antioxidants protect hematopoietic
cells and improve animal survival after total-body irradiation.Radiat Res.

2008;169:384-396.

63



DOI: 10.4274/tjo.galen0s.2021.98478
Turk J Ophthalmol 2022;52:64-68

Case Report

Surgical Management of Corneal Hydrops: Case Series

® Gokgen Ozcan, ® Omiir Ozlenen Ugakhan

Ankara University Faculty of Medicine, Department of Ophthalmology, Ankara, Turkey

Abstract

Descemet’s membrane (DM) rupture/detachments have traditionally been treated conservatively, with limited efficacy and a long
rehabilitation period that significantly affects patients’ vision and quality of life. Although there are no established gold standards
for the timing and nature of treatment, with this series of 4 cases we aimed to highlight the importance of the current optimal

intervention methods. The first two patients were treated with anterior chamber injection of isoexpansile 14% C3F8 due to acute
hydrops associated with keratoglobus in the first case and keratoconus in the second case. The third patient had keratoglobus and
chronic hydrops complicated by multiple stromal clefts detected on anterior segment optical coherence tomography, and the fourth

patient had a chronic broad DM detachment which occurred after cataract surgery. Both of these patients were treated with intracameral
C3F8 injection together with corneal compressive sutures. In all four cases, DM reattached completely and effectively with surgical
intervention. Surgical management of DM rupture/detachment with intracameral gas injection and compressive corneal sutures seems

to provide fast symptomatic relief and less healing-related corneal scarring with better visual rehabilitation, and may alleviate the need

for corneal transplant surgery in this group of patients.

Keywords: Descemet’s membrane detachment, Descemet’s membrane rupture, acute hydrops, Descemetopexy, 14% isoexpansile C3F8,

corneal compression sutures

Introduction

Descemet’s membrane (DM) integrity problems such as
ruptures or detachments manifest with loss of vision due
to corneal edema and DM folds. Rupture of the DM has
been reported in association with keratoglobus, keratoconus,
congenital glaucoma, intraocular surgeries, prolonged and
complicated labor with forceps, Terrien marginal degeneration,
Acanthamoeba keratitis, and rarely spontaneously.! >

Acute corneal hydrops is characterized by a rupture in
the DM in the setting of corneal ectasia, which results from
stretching of the DM leading to its rupture, allowing aqueous
to enter the corneal stroma and epithelium. Corneal hydrops is
relatively uncommon and is estimated to occur in 2.6-2.8% of

patients with keratoconus. With a male preponderance, the mean
age at onset of corneal hydrops is around 25 years.® Although the
development of acute hydrops in keratoconus is well described,
acute hydrops secondary to keratoglobus is rare in the literature.

On the other hand, Descemet’'s membrane detachment
(DMD) mainly occurs in association with intraocular surgeries,
particularly cataract surgery. Possible mechanisms by which
DMD develops during intraocular surgeries have been reported
as shallow anterior chamber; complicated or repeated surgeries;
inadvertent insertion of instruments or inadvertent injection
of saline and viscoelastic between the corneal stroma and DM;
anteriorly located and shelved incisions; and the use of dull
blades.”*
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Complete spontaneous resolution of edema associated with
DM separation may take months, with variations from 5
to 36 weeks.® In some cases, prolonged edema may lead to
inflammatory reaction and neovascularization, affecting the
prognosis of subsequent transplantation procedures.” Although
DM integrity problems spontaneously resolve, severe visual
symptoms or vision loss and long disease duration negatively
influence quality of life and cause significant visual morbidity.

Conventional treatments for DM integrity problems, such as
patching or bandage contact lens, tarsorrhaphy, cycloplegia, or
hypertonic ophthalmic solutions, are of limited efficacy. Shaw'
attempted corneal cauterization and thermokeratoplasty for
faster resolution of corneal edema. Hirst and Dejuan'' presented
a technique using tissue adhesives and viscoelastic agents. Macsai
and Lemley'? described onlay epikeratoplasty with a donor
corneoscleral button. More recently, Hussin et al."® described a
novel technique, non-expansile (14%) perfluoropropane (C.F,)
gas tamponade “descemetopexy,” which currently seems to be
the most widely used technique. Rajaraman and associates'*
combined the use of intracameral gas and compression sutures
in corneal hydrops with stromal clefts and reported it to be an
effective and safe treatment modality in the presence of large
gaping tears and stromal clefts. Mohebbi et al.” indicated
that combined intracameral gas injection and approximation
sutures provided rapid recovery with very rare complications for
the treatment of acute corneal hydrops. Zhao et al.'® reported
superior clinical outcomes using compression sutures with
intracameral air injection versus thermokeratoplasty in the
management of acute corneal hydrops. Our purpose in this report
was to present a case series of 4 eyes with DM integrity problems
and describe our approach to management.

Case Reports

Case 1

A 47-year-old woman presented with 6-day history of
blurred vision and pain in the left eye. Corrected distance visual
acuities (CDVA) were 20/200 in the right eye and counting
fingers at 50 cm in the left eye. Anterior segment examination
revealed keratoglobus bilaterally and acute hydrops with central
corneal edema in the left eye (Figure 1a). Pentacam HR (Oculus
Optikgerate GmbH, Wetzlar, Germany) anterior segment
tomography revealed keratoglobus with a maximum keratometry
measurement (KMax) of 75.7 diopters (D) and thinnest corneal
thickness (TCT) of 160 pm in the right eye. Anterior-segment
optical coherence tomography (AS-OCT, Visante, Carl Zeiss
Meditec, Dublin, CA) revealed a giant DMD centrally (Figure
1b). Intracameral injection of an isoexpansile mixture of 14%
C,F, (gas diluted with air) was performed in the operating room
after anterior chamber paracentesis. Three injections were done
in a period of 2 months to completely reattach the DMD, and
complete resolution of edema took 3 months. The decision to

reinject was made when corneal edema increased and DMD
enlarged on AS-OCT.

At 1-year follow-up examination, CDVA was 20/200 in
the left eye. A slight stromal scar was observed, and the DM
remained attached (Figure 1c). TCT was 138 pm. After genetic
consultation, a diagnosis of brittle cornea syndrome was made
with detection of a ZNF469 mutation. Other systemic findings
of the patient were sensorineural hearing loss, metacarpal
hypoplasia, and subluxation of various joints (Figure 1d).

Case 2

A 60-year-old man with keratoconus and no history of ocular
surgery presented with blurred vision and pain for 7 days. CDVA
was counting fingers at 50 cm in the right eye and 20/100 in the
left eye. On slit-lamp examination, acute hydrops with bullous
edema was observed in the right eye (Figure 2a). Pentacam HR
showed a KMax value of 48.7 D and TCT of 465 pm in the left
eye. On AS-OCT, a break in the DM with DMD was visible
below the area of edema (Figure 2b). A single intracameral
injection of an isoexpansile mixture of 14% C,F, was performed
and the edema had resolved at 2-week follow-up. At 3-month
follow-up examination, CDVA was 20/125 and a faint central
corneal scar with complete resolution of stromal edema was
observed on slit-lamp examination (Figure 2¢,d). Pentacam HR
revealed a KMax value of 64.8 D and a TCT of 396 pm in the
right eye.

Case 3

A 44-year-old man presented with complaints of blurred
vision, photophobia, and pain in the right eye for 3 months.
CDVA was counting fingers at 15 cm in the right eye and 20/40
in the left eye. Anterior segment examination showed acute
hydrops with prevalent corneal edema in the right eye and a
very thin ectatic cornea in the left eye (Figure 3a). Pentacam
HR indicated keratoglobus with a KMax value of 61.9 D and
TCT of 500 pm in the right eye. AS-OCT revealed a wide

Figure 1. Case 1: Slit-lamp photos of a patient with brittle cornea syndrome
showing acute hydrops with central corneal edema in the left eye (a). On anterior
segment optical coherence tomography (AS-OCT), central corneal edema and
Descemet’s membrane detachment was observed (*) (b). Three months later,
clearing of the corneal cloudiness with only slight stromal scarring was observed
on slit-lamp examination (c). Hypoplasia of the fourth and fifth metacarpals was
apparent in both hands (d)
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Figure 2. Case 2: Slit-lamp photos of a keratoconus patient showed acute hydrops
and microcystic edema in the right eye (a). On anterior segment optical coherence
tomography (AS-OCT), Descemet’s membrane (DM) rupture was visible below the
area of edema (b). At 3 months after CF, administration, central corneal scar with
complete resolution of stromal edema was observed

central separation of the DM from the corneal stroma, most
severe temporally, with multiple stromal clefts (Figure 3b). An
intracameral injection of 0.2 mL isoexpansile (14%) C3F8 and
seven compression sutures were applied simultaneously for the
large gaping DM tear. On day 10 after the intervention, the
edema was decreased and the cornea regained much of its clarity
(Figure 3c). AS-OCT demonstrated complete reattachment of
the DM (Figure 3d). Resolution of edema took 4 weeks. At
1-year follow-up examination, CDVA was 20/70 in the right
eye. On slit-lamp examination, neither corneal edema nor
neovascularization was observed, and AS-OCT showed the DM
remained attached and the clefts had collapsed entirely (Figure

Sevf)~

Case 4

An 88-year-old man who underwent cataract surgery in
the left eye 1 year earlier at another clinic and had progressive
visual deterioration since then was referred to our clinic for a
corneal transplant. At initial examination, CDVA was 20/40
in the right eye and counting fingers at 10 cm in the left eye.
Anterior segment examination revealed a very cloudy and thick
cornea, obscuring the anterior chamber view. AS-OCT revealed
a wide separation of the DM from the stroma (Figure 4a). An
intracameral injection of 0.2 mL isoexpansile (14%) C_ng was
performed together with 11 compression sutures simultaneously
and resolution of edema took 4 weeks. At the 3-month follow-
up examination, CDVA was 20/200 in the left eye, the bullous
edema had resolved completely, and the DM was attached as
confirmed with AS-OCT (Figure 4b,c).

Discussion

We presented four cases of DM rupture/detachment and
their management. As causative factors, two of the four patients
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Figure 3. Case 3: Slit-lamp photos of the patient with acute hydrops and severe
epithelial and stromal edema in the right eye (a). Anterior segment optical
coherence tomography (AS-OCT) revealed widespread corneal edema and
Descemet’s membrane detachment (DM) (¥) and DM rupture complicated with
stromal clefts (b). At 10 days after C3F8 infection together with full-thickness
corneal compression sutures, the corneal haze had subsided and AS-OCT showed
complete reattachment of the DM to the stroma and reduction in corneal steepness
(c,d). At 1-year follow-up, the cornea was clear and the DM remained attached (e,f)

had keratoglobus, one had keratoconus, and the last patient had
undergone cataract surgery. Only intracameral C F, injection was
performed in the first two cases; the third case with chronic DM
rupture complicated with intrastromal clefts and the fourth case
with chronic DMD were effectively managed with intracameral
C,F, injection and compression sutures.

Descemetopexy with repeated injections of intracameral air
or gas can accelerate the resolution of corneal edema by acting as
a mechanical barrier preventing the entry of aqueous humor into
the stroma and acting as a tamponading agent.'” Miyata et al.'®
reported that corneal edema persisted for an average of 20 days
in patients managed with intracameral air injection versus 65
days in patients who received no treatment for acute hydrops in
keratoconus. As air is absorbed in a short period of time, Panda
et al."”? reported descemetopexy with injection of 0.1 mL of an
isoexpansile concentration of 20% SF, as an alternative. The
authors reported earlier and more effective resolution of corneal
edema compared to conservative management, with complete
resolution achieved at 4 weeks in the SF-injected group
compared to 12 weeks in the conservative treatment group.
Whereas undiluted C.F, expands to 4 times its initial volume
in 4 days inside the anterior chamber, the 14% nonexpansile
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Figure 4. Case 4: Anterior segment optical coherence tomography (AS-OCT) at presentation 12 months after phacoemulsification showed corneal edema and Descemet’s
membrane detachment (DM) (a). At 3-month follow-up, central corneal scarring was observed without edema. On AS-OCT, the DM was totally attached and anterior corneal
surface irregularities were noted (b,c)

dilution of the gas persists in the anterior chamber for 6 weeks,
and is therefore considered to be a safe and effective modality for
early resolution of corneal edema in eyes with acute hydrops.”
In one study, descemetopexy with 1.8% sodium hyaluronate was
also used to unscroll and reattach recalcitrant DMD.*!

The use of intracameral CF, with full-thickness corneal
compression sutures to bring the edges of the DM tear together
was also proposed.'® Suturing together with intracameral gas
injection decreases the amount and number of gas fillings needed
and reduces the complications associated with isoexpansile gases
such as pupillary block glaucoma, endothelium toxicity, and
cataract formation.*

An AS-OCT study of cases involving acute hydrops described
two stages of resolution: DM reattachment and endothelial
migration. When DM breaks, it retracts or coils. First, the DM
has to reattach to the posterior stroma; the time for this stage
depends on the depth of the DMD. Afterward, endothelium
has to migrate to the gap between the broken DM edges and
synthesize a new DM; the time required for this depends on
the scale of the DM break. Injection of CF, can hasten DM
reattachment to the posterior stroma in the first step but not the
second.” In contrast, compression sutures can hasten both the
first and second steps, probably by bringing the DM and stroma
together and holding the edges of the tear in close apposition,
thus enabling endothelial cells to rapidly seal and cover the
lesion.

Acute corneal hydrops complicated by intrastromal cleft
formation is considered a risk factor for delayed resolution,
persistent edema, corneal perforation, and the development of

4 Corneal stromal neovascularization

stromal neovascularization.
may decrease the long-term survival of a penetrating graft
because of increased risk of rejection. Hydrops with clefts
generally requires multiple intracameral gas applications. The
clefts are usually connected to the anterior chamber by small
gaps through which intracameral gas can easily enter into the
corneal clefts. For this reason, compressive sutures with or
without gas injection may be a better approach to treat acute

corneal hydrops complicated by clefts.”

Eyes with wide DMD require more time for resolution of
corneal edema, even with descemetopexy.” Whereas localized
and narrow separation of DM from the stroma following
phacoemulsification typically resolves spontaneously, wide
DMDs demand early recognition and timely intervention to
achieve the best visual outcomes. If the DMD is wide, folded, or
curled, or persists for a long time as in our third and fourth cases,
surgical unfolding of the DM with full-thickness corneal sutures
together with gas injection usually recommended.

In conclusion, we aimed to highlight the importance of the
current optimal intervention methods in patients who suffer
from DM ruptures or detachments. Although there are no
established gold standards for the timing and nature of treatment,
ophthalmologists should consider multiple factors when making
management decisions, such as the location and duration of
the detachment and tear, and the degree of anteroposterior
separation from the posterior stroma. Descemetopexy with gas
tamponade is an easy and effective treatment approach that can
hasten the healing process and improve visual acuity. However,
in complicated cases such as those with corneal clefts and chronic
or large DMD, using compressive sutures with intracameral
gas injection seems to be a better approach. Overall, surgical
management of DM rupture/detachment can provide faster
symptomatic relief and less healing-related corneal scarring with
better visual rehabilitation and may alleviate the need for corneal
transplant surgery in these patients. Further comparative studies
with more patients are required to demonstrate the safety and
efficacy of these procedures.
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Surgery: Toxic Anterior Segment Syndrome or Toxic
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Abstract

A 29-year-old woman was referred to our department for corneal edema after uneventful pterygium excision surgery with conjunctival

autografting. She was prescribed topical dexamethasone and showed a complete response within 2 weeks of treatment. Specular
microscopic examination revealed severe endothelial cell loss in the operated eye. Mild corneal haze causing a decrease in vision (20/50)
was observed in long-term follow-up. This steroid-responsive complication was linked to two possible etiologies: mild toxic anterior

segment syndrome or povidone-iodine (PVP-I) corneal toxicity. Surgeons should be careful during pterygium surgery to completely
clear PVP-I and avoid any penetration into the anterior chamber to prevent possible serious complications. When diffuse corneal edema
is encountered after pterygium surgery, intense steroid treatment should be prescribed as in the present case.

Keywords: Pterygium, povidone iodine, toxic anterior segment syndrome, toxic keratopathy

Introduction

Pterygium is a wing-shaped fibrovascular proliferation of
conjunctiva over the cornea, mostly on the nasal side. Its
prevalence was reported to be between 3% and 30% in different
countries.! The bare sclera technique or using a conjunctival or
conjunctivolimbal autograft or amniotic membrane graft with
suturing or fibrin glue are among the possible surgical strategies
for pterygium and have different recurrence rates.” To prevent
recurrence, antimitotic agents such as mitomycin C (MMC)
can be applied during surgery or as postoperative eye drops.’
However, MMC may have toxic effects on the cornea, including

corneal epithelial toxicity or edema and scleral melting, with
increased risk at higher dosage.’

Although rare, some minor complications such as wound
dehiscence, Tenon’s granuloma, and conjunctival cyst might
develop after surgical excision of pterygium. However, diffuse
corneal edema similar to toxic anterior segment syndrome
(TASS) has not been reported in the literature.

Here, we report a case of diffuse corneal edema resembling
toxic keratopathy or TASS after uneventful pterygium surgery
involving a sutured conjunctivolimbal autograft with no
antimitotic agent (e.g., MMC) and discuss the possible etiologies.
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Case Report

A 29-year-old woman presented with corneal edema after
an uneventful pterygium excision surgery with conjunctival
autografting. Best corrected visual acuity (BCVA) was counting
fingers at 3 meters in her right eye (RE) and 20/20 in her left
eye (LE). In the slit-lamp examination, diffuse corneal edema
and Descemet folds were observed together with an intact graft
which was upside down; conjunctiva was hyperemic in the
RE (Figure 1a). Her fundus could not be examined because of
corneal edema. She had been prescribed topical moxifloxacin,
dexamethasone, eye lubricant, and 10% NaCl solution 3 times a
day for 1 week before referral to our department.

The surgeon who performed her operation was contacted
to determine the technique and ocular disinfection method he
used. He stated that he applied 5% povidone-iodine (PVP-I)
(diluted in balanced salt solution) for 3 minutes and then washed
the eye for preoperative antisepsis. He did not report the use of
any antifibrotic agent such as MMC during the surgery. The
autograft taken from the superior area had been secured to the
excised nasal area with 8.0 vicryl sutures. He reported corneal
edema on the first postoperative day. She had been operated by
the same surgeon at the same hospital using the same technique
on her LE 1 year earlier with no complications.

Specular microscopic imaging showed that the healthy eye
had 2882 cells/mm?, the RE was not clear enough to obtain
a good result as depicted in the anterior segment optical
coherence tomography (OCT) image (Figure 2a). The patient
was prescribed topical dexamethasone (Maxidex®, Alcon, USA)
every hour, moxifloxacin (Vigamox®, Alcon, USA) 3 times
a day, and eye lubricant (Refresh®, Allergan, USA) 4 times a
day. After observation of a 3-mm epithelial defect on the nasal
cornea after the first day of treatment, the topical dexamethasone
regimen was changed to 4 times a day, a bandage contact lens
(Purevision HD, Bosch & Lomb, USA) was applied, and oral
vitamin C (1 g/day) was added. After one week of treatment, a
dramatic decrease in the corneal edema was observed. Descemet
folds, conjunctival hyperemia, and epithelial defect disappeared.
The bandage contact lens was removed and topical moxifloxacin
was stopped. The corneal edema disappeared totally after 2
weeks of this treatment (Figure 1b) and the BCVA increased to
20/50. After 1 year of follow up, specular microscopy showed
the endothelial cell density in the RE was 1001 cells/mm?
(coefficient of variation {CV}: 36; hexagonality {HEXY: 46%)
and that of the LE was 2880 cells/mm? (CV: 38, HEX: 67%).
BCVA in her RE was still 20/50. Corneal stromal vascularization
and corneal haze on the nasal side were observed at the last visit
(Figure 1c¢,d) with no corneal edema (Figure 2b).

Discussion

Although minor complications can sometimes be observed
after pterygium surgery, in this case we observed diffuse corneal
edema. We suspected TASS or endothelial toxicity (toxic
keratopathy) due to the use of PVP-I, MMC, or any solution used
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perioperatively as possible etiologies. However, MMC was not
used during or after the surgery.

TASS is postoperative anterior segment inflammation with
diffuse corneal edema that can occur after any interventions
involving contact with the anterior chamber. Substances that
can cause TASS include residual disinfection or sterilization
solutions, preservatives in medicines, or bacterial endotoxins.*
Intense topical steroid therapy is indicated for this syndrome.
In terms of TASS, although we did not observe any anterior
segment reaction, we might have examined the patient at a
stage when the reaction was suppressed but the corneal edema
persisted. The patient’s complete response to 2 weeks of steroid
treatment supports this possibility.

PVP-I at a concentration of 0.025% did not show any toxic

effect on human corneal endothelium in vivo when used to treat

Figure 1. Biomicroscopic images of the patient showing conjunctival hyperemia
and corneal edema together with the autograft at initial presentation (a), resolution
of the corneal edema after 2 weeks of treatment (b), and development of corneal
stromal vascularization (c) and corneal haze (d) on the nasal side after 1 year of
treatment with low-dose topical steroid

Figure 2. Anterior segment optical coherence tomography images of the patient
showing diffuse corneal edema and Descemet folds at initial presentation (a) and
regression of the corneal edema after 2 weeks of steroid therapy (b)
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postoperative endophthalmitis.” However, a single drop of 5%
PVP-I was shown to exert toxic effects on the corneal endothelium
of healthy rabbits when injected into the anterior chamber.® It
was also shown to cause endothelial toxicity when injected at a
concentration of 1% into bovine corneal endothelium.” In their
study on rabbit eyes, Jiang et al.® postulated that although 5%
PVP-I does not cause endothelial toxicity through an intact
cornea when instilled on the ocular surface, it may penetrate
when the epithelial layer is damaged. Therefore, 5% PVP-I
in our patient might have penetrated through the excised
pterygium area to cause endothelial toxicity, since that area was
devoid of corneal epithelium. The lower endothelial cell count
in that eye supports this possibility. Epithelial debridement has
been linked to an increased penetration of some molecules such as
riboflavin.” However, further studies are necessary to investigate
the penetration of PVP-I after corneal epithelial debridement. In
addition, there is no report on humans or animals showing that
corneal edema secondary to the endothelial toxicity of PVP-I
responds to topical steroid therapy. Although our patient showed
a complete response after 2 weeks of topical steroid, corneal haze
and stromal vascularization developed and persisted for 1 year
despite low-dose steroid treatment.

Residual liquid disinfectants such as alcohol, glutaraldehyde,
or chlorhexidine on surgical instruments might be responsible
for toxic keratopathy or TASS.'° However, the surgeon who
performed the procedure reported that none of these agents was
used for disinfection or sterilization.

In conclusion, here we report a unique case of diffuse
corneal edema secondary to uneventful pterygium surgery. We
attribute this steroid-responsive complication to two possible
conditions: mild TASS or PVP-I-induced corneal toxicity.
During pterygium surgery, caution must be taken to clear all
PVP-I. Further studies investigating the penetration of different
concentrations of PVP-I and determining the concentration
that causes corneal endothelial toxicity or toxic keratopathy
should also be performed to understand its pharmacokinetics in
damaged cornea.
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after Discontinuing Long-Term Erlotinib Therapy in a
Patient with Lung Cancer
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Abstract

There is no consensus on the choice of systemic and ophthalmic treatment for patients who develop ocular toxicity with erlotinib in the
few cases reported previously. Various ocular complications related to erlotinib have been reported, with one of the most serious being
corneal perforation. Our patient was at risk of potential corneal perforation because of severe cicatricial ectropion and diffuse punctate
corneal epitheliopathy. Therefore, erlotinib treatment was temporarily discontinued with the approval of the oncology department and
the patient was closely followed. She was prescribed steroid eye ointment, single-use preservative-free artificial tears, and eye lubricant
gel to protect the ocular surface. On day 4 of treatment, the patient’s findings were significantly improved. After 1 week, the cicatricial
ectropion had dramatically improved and the patient’s complaints were completely resolved. To our knowledge, there is no case report
of a patient with both ocular toxicity after long-term use that shows dramatic improvement with drug cessation, and severe cicatricial
ectropion affecting the entire lower eyelid. Here, we described a patient who used erlotinib for 3 years due to non-small cell lung cancer
and developed severe cicatricial ectropion which improved dramatically within one week of temporarily discontinuing erlotinib and
discussed the possible reasons. Although ocular complications with erlotinib are usually encountered early in treatment, it should be
kept in mind that erlotinib-related ocular complications may also arise with long-term use.

Keywords: Ectropion, cicatricial ectropion, ocular toxicity, lung cancer, erlotinib, long-term erlotinib

there is no case report of a patient with both ocular toxicity
after long-term use that shows dramatic improvement with
drug cessation, and severe cicatricial ectropion causing eversion
of the entire lower eyelid. Furthermore, there is no consensus
regarding the choice of systemic and ophthalmic treatment in

Introduction

Erlotinib is a tyrosine kinase inhibitor that specifically targets
epidermal growth factor receptor (EGFR).! It is frequently used
in the treatment of lung cancer and may cause ocular toxicity.!>>4
Ocular complications range widely from mild dry eye syndrome

to corneal perforation that requires corneal transplantation.!?%4
It is reported in the literature that erlotinib-related ocular
complications usually occur early in treatment (within the first 6
weeks) and resolve slowly (after 6 weeks).!*** To our knowledge,

patients who develop ocular toxicity with erlotinib in previous
studies.">>! Here, we described a patient who used erlotinib for
3 years due to non-small cell lung cancer and developed severe
cicatricial ectropion which improved dramatically within one

Address for Correspondence: Mehmet Serhat Mangan, Haydarpasa Numune Training and Research Hospital, Sadik Eratik Eye Clinic, Istanbul, Turkey
E-mail: mehmetsmangan@yahoo.com ORCID-ID: orcid.org/0000-0001-7720-9003
Received: 03.04.2021 Accepted: 20.08.2021

Cite this article as: Mangan MS. Dramatic Improvement of Severe Cicatricial Ectropion after Discontinuing Long-Term Erlotinib Therapy in a Patient
with Lung Cancer. Turk J Ophthalmol 2022;52:72-74

OCopyright 2022 by Turkish Ophthalmological Association
Turkish Journal of Ophthalmology, published by Galenos Publishing House.

72


https://orcid.org/0000-0001-7720-9003

Mehmet Serhat Mangan. Improvement of Ectropion after Erlotinib Cessation

week of temporarily discontinuing erlotinib, and we discussed
the possible reasons.

Case Report

Written informed consent was obtained from the patient for
the publication of this case report and any accompanying images.
This case report is in compliance with the ethical principles
outlined in the Declaration of Helsinki.

A 70-year-old woman was referred from the oncology clinic
to our ophthalmology clinic due to complaints of burning,
stinging, pain, and dryness in both eyes and outward turning
of both lower eyelids (Figure 1A). Her history was significant
for non-small cell lung cancer, for which she had been using
erlotinib (150 mg/day) for 3 years.

On ophthalmologic examination, visual acuity was 0.8
in both eyes. Diffuse punctate epitheliopathy was detected in
both corneas. Diffuse hyperemia and madarosis in the tarsal
conjunctiva of both lower eyelids and severe cicatricial ectropion
affecting the entire lower eyelid were observed (Figure 1A, 2A).
The patient also had diffuse dry, scaling skin and desquamation
on her face (Figure 1A).

The patient was at risk of potential corneal perforation
because of severe cicatricial ectropion and diffuse punctate corneal
epitheliopathy. Therefore, erlotinib treatment was temporarily
discontinued with the approval of the oncology department and
the patient was closely followed in the ophthalmology clinic. She
was prescribed a steroid eye ointment (hydrocortisone acetate;
Cortimycine, Abdi Ibrahim, Istanbul, Turkey) to be used 4
times a day on the lower eyelids to treat the ectropion. Single-
use preservative-free artificial tears (polyvinyl alcohol; Refresh,

/

Allergan, Westport, Ireland) every hour and an ophthalmic
gel (carbomer; Lipotears, Bausch & Lomb, Aubenas, France)
4 times a day were also prescribed to protect the cornea.
On day 4 of treatment, the patient’s findings had improved
significantly (Figure 1B). After 1 week, her cicatricial ectropion
was dramatically improved, her eyelashes were starting to grow
back, and her ocular complaints were completely resolved
(Figure 1C, 2B).

Discussion

Various ocular complications related to erlotinib have been
reported, with corneal perforation being among the most
serious.' Corneal perforation can result in irreversible vision
loss despite treatment by corneal transplantation. In a healthy
person, EGFR may be expressed in the epithelial tissues of the
cornea and conjunctiva and can be found in tears." Therefore,
EGFR inhibition may negatively impact the ocular surface and
cornea. In addition, ectropion may cause incomplete eye closure
and exposure keratopathy. The simultaneous occurrence of these
conditions, as in our patient, may increase the risk of corneal
perforation.

In their series of five patients, Saint-Jean et al.! reported
erlotinib-related (150 mg/day) ectropion in only one patient
after 1 month of treatment, and the ectropion persisted despite
erlotinib cessation. The authors prescribed eye lubricants and
ciprofloxacin ointment, but they did not specify the active
ingredient of the artificial tears and whether it was preservative-
free. They also did not note the severity of ectropion." On the
other hand, Methvin and Gausas’ used only a combination
antibiotic/steroid ointment as first-line treatment for a patient

Figure 1. (A) Clinical images of the patient demonstrating severe cicatricial ectropion involving the entire lower eyelid and diffuse dry, scaling skin and desquamation on
the patient’s face. (B) On day 4 of treatment, the patient’s findings were significantly improved. (C) After 1 week, the cicatricial ectropion was dramatically improved and

the patient’s ocular complaints were completely resolved

Figure 2. (A) Slit-lamp biomicroscopic photograph of the patient demonstrating lower eyelid ectropion and madarosis. (B) After 1 week, there was dramatic regression of

the cicatricial ectropion and the patient’s eyelashes had started to grow back
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who developed ectropion in week 6 of erlotinib (150 mg/day)
therapy. Later they reduced erlotinib from daily to every-other-
day dosing but observed no improvement in the ectropion.
Finally, they discontinued erlotinib and reported improvement
in side effects 6 weeks later. Frankfort and Garibaldi® observed
medial ectropion 1 week after starting erlotinib (150 mg/day)
that did not improve after reducing the erlotinib dose by half (75
mg/day). The authors initiated bacitracin ointment and topical
fluorometholone for ophthalmic treatment. When this treatment
showed no effect, they added artificial tears with more frequent
application of the bacitracin ointment. Later, 3 weeks after
cessation of erlotinib, the findings started to improve. Salman
et al.* observed erlotinib-related mild ectropion in week 2 of
treatment. They opted not to discontinue systemic erlotinib but
initiated ophthalmic treatment, and reported that the ectropion
was completely resolved at 6-month follow-up.

However, the authors did not specify which medications
were used as ophthalmic treatment.

In contrast to these reports, our patient had severe cicatricial
ectropion involving the entire lower eyelid and diffuse punctate
corneal epitheliopathy. Additionally, she had been receiving
erlotinib (150 mg/day) treatment for 3 years and the cumulative
dose was much higher than in the patients reported in previous
studies.!*>* Therefore, in terms of potential corneal perforation
risk, we preferred to temporarily discontinue erlotinib treatment
with the approval of the oncology department. Because ocular
toxicity results from an inflammatory reaction, we also chose
to use a potent topical steroid eye ointment at frequent
intervals. We also aimed to minimize ocular surface and tear
toxicity by administering preservative-free artificial tears at
frequent intervals. We did not prefer an antibiotic eye ointment
because there were no signs of infection and their preservative
ingredients may increase ocular toxicity. We think that the
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dramatic improvement of severe cicatricial ectropion within one
week in our patient may be due to our choice of ophthalmic
treatments and good communication between the oncology
and ophthalmology departments, which enabled the immediate
discontinuation of erlotinib.

Our approach may reduce the need for surgical interventions
to repair both the eyelid and cornea, and therefore may be
preferred in cases with potential risk of corneal perforation. In
addition, we think that risk assessment and mutual decision-
making as a result of good communication between oncologists
and ophthalmologists may decrease both systemic and ocular
complications. Further studies with larger patient series
are warranted to support this speculation. Although ocular
complications with erlotinib are usually encountered early in
treatment, it should be kept in mind that erlotinib-related ocular
complications may also arise with long-term use.
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