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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 (“Türkçe Sözlüğü 
ve Yazım Kılavuzu”) of the Turkish Language Association. 
Turkish forms of ophthalmology-related terms should be 
checked in the TODNET Dictionary (“TODNET Sözlüğü” 
http://www.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/guide/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 trials 
(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 

for Systematic Reviews and Meta-Analyses: The PRISMA 
Statement. PLoS Med 2009; 6(7): e1000097.) (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.nlm.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 

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.
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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 
in Turkish and English, an unstructured summary and key 
words. Source of all citations should be indicated. The entire 
text should not exceed 25 pages (A4, formatted as specified 
above).

Letters to the Editor
Letters to the Editor should be short commentaries related to 
current developments in ophthalmology and their scientific 
and social aspects, or may be submitted to ask questions or 
offer further contributions in response to work that has been 
published in the Journal. Letters do not include a title or an 
abstract; they should not exceed 1,000 words and can have 
up to 5 references.
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2021 Issue 4 at a Glance:

Esteemed colleagues,

In our fourth issue of 2021, the Turkish Journal of Ophthalmology 
features 6 original studies, a review, 3 letters to the editor with 1 
author response, and 2 case reports.

Burcu et al.’s clinical study titled “Donor cornea use in scleral surface 
reconstruction” emphasizes an important commonality between the 
sclera and cornea despite their different optic, vascular, and neural 
architectures. With their type I collagen-rich protein composition, both 
of these tissues can effectively complete each other anatomically, and 
this function was exemplified by the successful use of full-thickness and 
lamellar corneal tissue grafts to repair defects that compromised or 
threatened scleral integrity in 16 eyes of 16 patients.

Hashemi et al. from Tehran, the capital of Iran, compared 213 
Down syndrome patients with 184 control subjects and showed that 
refractive errors, visual impairment, and amblyopia are more common 
in Down syndrome. The researchers also performed a vector analysis 
of astigmatism and determined the frequency of oblique astigmatism 
in Down syndrome.

Yalçındağ et al. analyzed data obtained in the Behçet Uveitis 
Screening Trial (BUST) and found that of 4,978 eyes of 3,363 patients 
in 33 centers, patients with Behçet disease had lower education 
level and socioeconomic status compared to those with other non-
infectious uveitis. However, whether this difference in education and 
socioeconomic status is a cause or result of Behçet disease is a new 
subject that requires discussion. 

External dacryocystorhinostomy is the gold standard for the 
treatment of nasolacrimal canal obstruction, and bicanalicular 
silicone tubes (BST) are frequently utilized in this procedure 
since their description by Gibbs in 1967. In their study, Özcan 
et al. investigated the relationship between BST removal time 
and microbiological analysis results and determined that later 
BST removal was associated with a higher number of bacterial 
strains isolated in culture and that Haemophilus influenzae was 
isolated more frequently in patients with recurrence, adding a new 
dimension to a classical treatment.

Er et al. evaluated 65 eyes of 65 patients who underwent pars 
plana vitrectomy and silicone endotamponade due to ruptured retinal 
detachment and reported that macular structural changes may differ 

according to the duration of silicone in the eye. This finding also 
represents a new dimension for a classical treatment method.

Özdek et al. evaluated the safety and effectiveness of simultaneous 
bilateral vitrectomy surgery for active, bilateral stage 4-5 retinopathy 
of prematurity (ROP) based on the experience of a single surgeon 
and suggested that simultaneous bilateral vitrectomy surgery can be 
considered as an option, but the risk of endophthalmitis should be 
weighed against the risks of disease progression and anesthesia-
related complications. 

Değirmenci et al. examined the use of immunomodulatory drugs, 
which are considered a risk factor during the COVID-19 pandemic, in 
terms of uveitis treatment and reported that uveitis treatment should be 
continued while maintaining strict follow-up criteria. Given the drastic 
change in conditions, they emphasized the need for new guidelines 
in the management of patients receiving immunomodulatory agents 
for the treatment of uveitis and made drug- and disease-specific 
recommendations that will serve as a reference.

Biçer et al. state in a case report titled “Systematized epidermal 
nevus syndrome involving the upper and lower eyelids bilaterally” 
that in such rare cases, patients should be examined for extraocular 
anomalies and their skin lesions should be monitored for possible 
malignant transformation.

Yabanoğlu et al. highlight familial predisposition in spheroidal corneal 
degeneration, an extremely rare disease with hereditary transmission, 
in their case report of two siblings.

Erdinest et al. briefly share the preliminary results of their own 
survey study which is similar to the survey study published in our 
journal in the article “Effects of the COVID-19 pandemic on Turkish 
ophthalmologists.” They draw attention to the importance of a 
continually updated information approach as taken in Turkey and 
the UK while we navigate this uncharted territory in which correct 
practices have not been established. 

In response to the same article, Gurnani and Kaur summarize the 
innovative ophthalmology practices they exemplified in India in their 
letter to the editor titled “Innovations in clinical ophthalmology during 
the COVID-19 pandemic.” As many of these innovations are simple 
and modified clinical applications that our ophthalmologist colleagues 
in nearly every country can incorporate into their practice, this article 
will be an important reference as long as the pandemic continues.

EDITORIAL
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EDITORIAL

In another letter to the editor, Gönül and Eker respond to an article by 
Kayıkçıoğlu et al. titled “Unintentional staining of the anterior vitreous 
with trypan blue during cataract surgery.” They noted that as none of 
the patients had 20/20 vision postoperatively, they suspect that the 
inadvertent passage of trypan blue into the vitreous cavity may have 
caused retinal toxicity. Kayıkçıoğlu et al. considered this suspicion 
justified, as the patients were not evaluated using electrophysiological 
tests.

As the pandemic continues, our clinical practices are being reshaped, 
and this new environment also has an impact on the article titles in 

our journal. In this issue, 3 of the 13 articles were related to the 
pandemic. I hope that in subsequent issues, articles focusing primarily 
on pandemic damage, anxiety, and protection will be replaced by 
those reporting solutions and successful therapies.

Respectfully on behalf of the Editorial Board,

Sait Eğrilmez, MD
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Donor Cornea Use in Scleral Surface Reconstruction
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Abstract
Objectives: To investigate the indications for and results of treating scleral surface problems with donor corneal grafts that are not used 
in keratoplasty surgery or are left over from keratoplasty.
Materials and Methods: The records of 16 patients in whom corneal tissue was used to repair a scleral tissue defect or cover an exposed 
glaucoma drainage implant were evaluated retrospectively. Partial-thickness grafts were prepared using a combined microkeratome 
system with artificial anterior chamber in 10 eyes and by manual dissection in 3 eyes. Full-thickness grafts were used in 3 eyes.
Results: There were 8 female and 8 male patients aged 5-79 years (mean: 39.37±24.68). Indications for the use of corneal tissue on the 
scleral surface were limbal dermoid excision (n=2), pterygium surgery (n=1), intraocular lens removal and scleral fixation intraocular lens 
(SFIOL) implantation (n=1), exposed SFIOL suture coverage (n=1), trauma (n=2), scleral tissue loss due to repeated glaucoma surgeries 
(n=5), and exposed glaucoma drainage implant (n=4). The patients were followed for 6-42 months (mean: 14.37±9.14). None of the 
patients had graft infection, thinning, immunological graft rejection, or vision loss during follow-up. Tectonic lamellar grafts did not 
adversely affect final visual acuity in any case. At final examination, a good combination of graft and recipient tissue, a smooth ocular 
surface, and a cosmetic appearance were achieved in all eyes.
Conclusion: Donor corneas that are not suitable for corneal transplantation or left over from the cornea transplant can be used in 
patients with scleral tissue loss due to various pathologies and in the treatment of glaucoma drainage implant erosion. In these cases, 
the use of corneal grafts provides a good ocular surface restoration and cosmetic appearance. The effectiveness and safety of this method 
should be investigated with large patient series and long follow-up times.
Keywords: Lamellar patch graft, scleral tissue loss, glaucoma drainage surgery
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Introduction

Scleral tissue defects may occur due to ocular traumas, 
infectious or autoimmune scleral diseases, the removal of 
congenital or acquired tumoral masses in or adjacent to the 
sclera, and other anterior segment surgeries such as glaucoma, 
pterygium, and cataract surgery. Scleral tissue defects that 
develop for various reasons pose a risk for endophthalmitis.1 
Depending on their size, they may be cosmetically unattractive, 
as well as compromise the tectonic integrity of the globe.2 
Surgical repair of scleral tissue defects is necessary for tectonic and 

therapeutic purposes. The basic principle of surgical treatment is 
to restore the scleral defect with autologous or allogeneic grafts 
and prevent the development of infection. If infection is present, 
debridement of the infected tissue and additional anti-infective 
therapy are required. 

Partial-thickness autologous sclera, Tenon, and conjunctival 
supports and numerous allogeneic patch graft materials are 
used to provide tectonic support to scleral defects.3,4,5,6 Partial-
thickness autologous scleral tissue grafts may cause damage 
and tectonic weakness at the graft preparation site. In large 
scleral defects, Tenon’s capsule and conjunctiva may not provide 

https://orcid.org/0000-0002-2345-0456
https://orcid.org/0000-0003-3817-2214
https://orcid.org/0000-0002-8452-8595
https://orcid.org/0000-0002-4967-7325
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sufficient tectonic support, necessitating the use of allogeneic 
patch grafts.

Glaucoma drainage implants may erode the overlying tissue 
and become exposed over time. It occurs in 5-10% of cases.7,8,9 
Autologous conjunctivo-Tenonplasty is often inadequate, and 
the implant must be covered with allogeneic materials such as 
sclera, pericardium, dura mater, and donor cornea. 

In this study, we present the indications and results of the use 
of donor corneal grafts that are not used in keratoplasty surgery 
or are left over from keratoplasty in the treatment of scleral 
surface problems. 

Materials and Methods

The records of patients for whom donor cornea was used to 
treat scleral surface pathologies between May 2016 and June 
2019 were analyzed retrospectively. The study was approved 
by the Clinical Research Ethics Committee of University 
of Health Sciences Turkey Ankara Training and Research 
Hospital (study e. kurul-E-20/307) and a preoperative informed 
consent form was obtained from each patient. Sixteen eyes of 
8 female and 8 male patients were included in the study. The 
patients’ demographic data, ophthalmic history, previous 
surgical procedures, systemic diseases, slit-lamp examination 
findings, operative details of corneal graft use, postoperative 
medications, initial and final visual acuity, complications, need 
for additional surgical treatment, follow-up time, and clinical 
outcomes were obtained from hospital records and surgical 
videos. 

The operations were performed under local or general 
anesthesia by two surgeons (A.B. and Z.Y.A.). Depending on 
the size of the defect, the donor corneal margin remaining after 
keratoplasty surgery, the anterior stromal lamellae remaining 
after descemet stripping endothelial keratoplasty (DMEK), or 
seronegative donor corneas unsuitable for optical keratoplasty 
were used. As needed according to the depth of the defect, grafts 
were prepared at the desired thickness using a combined artificial 
anterior chamber and microkeratome system (ALTK System, 
Moria/Microtech Inc. Doylestown, PA, USA) or were prepared 
manually to partial thickness. The following were ensured 
during surgery:

- The graft epithelium was debrided in all cases.
- After the necrotic sclera was cleared, the size of the 

healthy scleral and choroidal bed was measured. Based on the 
size and depth of the defect, a full-thickness or lamellar graft 
approximately 0.5-1 mm larger than the area to be covered was 
prepared from the donor cornea.

- In the limbal region, care was taken to ensure that grafts 
were thick enough to avoid dellen formation and that the 
corneoscleral junction approximated a natural appearance.

- The graft was sutured to the scleral bed and limbal 
margins with 10/0 monofilament nylon sutures.

- In cases of glaucoma drainage implant exposure, care 
was taken to center the partial-thickness graft over the area of 
exposure and suture it in a watertight manner.

- In order to prevent postoperative graft melting and to 
ensure epithelialization, it was covered by freeing conjunctival 
and Tenon’s tissue surrounding the donor corneal grafts or using 
amniotic membrane in cases where adequate Tenon-conjunctival 
flap could not be obtained.

Postoperatively, 1% prednisolone acetate was used at 2-hour 
intervals for the first week and then at a reduced dose for 3-6 
months. Moxifloxacin 0.5% was administered 4-6 times a day 
for 2 weeks. Topical lubricants were used every 2-4 hours. 
Patients were followed up on day 1, 7, and 15, then once a 
month for the first 3 months, and every 3-6 months thereafter. 

In the absence of loosening or vascularization, the sutures 
were removed at 9-12 months. 

Results 

The 8 female and 8 male patients were between 5 and 79 
years of age (mean: 39.37±24.68). Indications for the use of 
corneal tissue on the scleral surface were limbal dermoid excision 
(n=2) (Figure 1a), scleral melting after pterygium surgery (n=1), 
intraocular lens (IOL) removal and scleral fixation intraocular 
lens (SFIOL) implantation (n=1), exposed SFIOL suture coverage 
(n=1), trauma (n=2), scleral tissue loss due to repeated glaucoma 
surgeries (n=5) (Figure 2a), and exposed glaucoma drainage 
implant (n=4) (Figure 3a). The demographic and clinical features 
of the patients are presented in Table 1.

Donor corneal rim remaining from keratoplasty was used in 
5 eyes, stroma left over from DMEK was used in 1 eye, and donor 
corneas unsuitable for optical keratoplasty were used in 10 eyes. 
Partial-thickness grafts were prepared by manual dissection for 3 
eyes and using an artificial anterior chamber and microkeratome 
system for 10 eyes.

Corneal grafting on the scleral surface was performed during 
primary surgery in only one case (patient 1, limbal dermoid); in 
all others, it was done during follow-up after primary surgery. 
Twelve patients underwent primary surgery in another center 
and were referred to our clinic for further treatment. As the time 
between primary surgery and the need for corneal grafting could 
not be determined reliably from the patients’ history, we did not 
evaluate this in our study. 

Eleven of the 16 eyes had undergone multiple surgical 
procedures on the scleral surface that could predispose to the 
need for corneal grafting. In 7 eyes, conjunctivo-Tenonplasty 
with or without amniotic membrane transplantation (AMT) 
performed before corneal grafting was unsuccessful. 

There were no intraoperative complications in any of the 
eyes. The patients were followed for 6-42 months (mean: 
14.37±9.14). Postoperatively, resuturation was necessary in 
2 eyes (patients 1 and 2) due to suture loosening and AMT 
was needed to preserve the corneal graft until epithelialization 
was completed in 1 eye with a large scleral defect (patient 
3). Graft infection, thinning, or immunological rejection and 
dellen formation were not observed and regrafting was not 
required in any of the eyes during follow-up. In all eyes, there 
was sufficient tissue thickness in the covered area and the graft 
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showed good integration into the recipient tissue and was 
epithelialized. 

The mean visual acuity was 1.22±0.60 logMAR 
preoperatively and 0.98±0.95 logMAR postoperatively. Tectonic 
lamellar grafts did not adversely affect final visual acuity in any 
case. Level of visual acuity did not change in 13 eyes, while an 
increase from hand movements to 1.10 logMAR was obtained 
in 1 eye, from 1.80 to 0.30 logMAR in 1 eye, and from 0.52 to 
0.15 logMAR in 1 eye.

Discussion

Allogeneic patch grafts are used in cases of scleral tissue 
loss and exposed glaucoma drainage implants when autologous 
tissues provide insufficient coverage. When selecting allogeneic 
materials, desired features include biocompatibility, being 
immunologically safe, providing a favorable cosmetic appearance, 
and being easy to obtain, easy to use, and inexpensive. The most 
commonly used materials are preserved sclera, pericardium, dura 
mater, amniotic membrane, and donor cornea.4,8,10,11,12,13,14,15,16 
Many materials are expensive, difficult to obtain, or may 
not provide a cosmetically acceptable appearance. Amniotic 
membranes used in recent years reduce scleral melting and 
accelerate epithelialization but provide weak tectonic support in 
deep tissue loss. 

With preserved sclera, there may be issues regarding sterility 
and variable quality; it is also thick and not cosmetically 
preferable. Pericardium tends to melt over extended follow-up. 
Moreover, pericardium and dura mater are expensive materials.4 
Corneal tissue is more compact than scleral tissue and is more 
resistant to recurrent melting and ectasia. In addition, the 
compact lamellae are more resistant to the spread of infection 
than sclera.16 Its transparent structure enables monitoring of the 
glaucoma drainage implant and for possible complications. 

Aside from these advantages, the higher curvature radius 
of the cornea compared to sclera may cause swelling when 
placed on a large scleral defect.2 Partial-thickness corneal 
grafts prepared from donor corneas that are not suitable for 
corneal transplantation provide a more cosmetically satisfying 
appearance and prevent dellen formation by creating better 
wound apposition when used near the limbal margin. The 
transparency of corneal tissue causes the underlying choroidal 
tissue to appear dark in large and deep defects. Covering with 
a conjunctival flap and gradual opacification of the graft may 
improve this appearance.2

Glaucoma drainage implants are frequently used in 
the surgical treatment of glaucoma. The most important 
complication of this procedure is erosion of the overlying tissues 
and subsequent tube exposure. Glaucoma drainage implant 
exposure can lead to serious vision-threatening complications 
such as endophthalmitis and hypotony.1 Therefore, it requires 
surgical repair or removal. Coverage with simple conjunctival 
flaps is often inadequate, and once tube erosion occurs, there is 
greater tendency for recurrent tube erosions.6 For this reason, 
when placing glaucoma drainage implants, many surgeons 

prefer to cover the tube with various materials such as preserved 
sclera, dura mater, pericardium, and donor cornea. Allograft 
materials tend to erode the conjunctiva over time. Comparative 
studies and literature data on which of these materials is superior 
in terms of tube erosion in the long term are still not fully 
adequate. Favorable results have been reported regarding the 
use of donor cornea as a patch graft.13,16,17,18 Technical variations 
include the use of glycerol-preserved cornea,10 gamma-irradiated 
cornea (VisionGrafts, Tissue Banks International, Baltimore, 
MD, USA),19 stromal lenticule obtained in SMILE surgery,12 
and riboflavin-ultraviolet cross-linking to increase resistance to 
collagenolysis in the long term.9,20 

In our study, exposed glaucoma drainage implants were 
successfully covered with donor corneal grafts in 4 eyes. Because 
we observed from previous experience that simple conjunctivo-
Tenonplasties are inadequate and repeated surgical procedures 
disrupt the anatomy of the surrounding Tenon’s capsule and 
conjunctiva and lead to deterioration of tube function, no other 
surgical procedures to cover the glaucoma drainage implant was 
performed in these cases before using donor cornea. 

In repeated glaucoma surgeries, scleral erosion has been 
reported in the early period or years after trabeculectomy in 
association with surgical trauma or mitomycin C.11 Ischemia, 
inflammation, and apoptosis are factors that trigger scleral 
thinning and necrosis. Scleral defects that occurred after 
trabeculectomy in 2 eyes and after repeated glaucoma surgeries 
and/or glaucoma drainage implant removal in 3 eyes were 
successfully treated with full-thickness or lamellar corneal grafts, 
depending on defect size and depth (Figure 2b and 3b).

Scleromalacia is an important complication after pterygium 
surgery, manifesting with scleral thinning, melting, and necrosis. 
It can occur with all pterygium-related surgical techniques. 

With the bare sclera technique, it can occur even years after 
surgery. Although the pathogenesis is not completely clear, the 
main risk factor is chronic resistance to conjunctival growth over 
the bare scleral defect.2 Changes in the distribution and content 
of the tear film layer predispose to scleral drying, melting, and 
secondary infections. Additional treatments such as β radiation, 
thiotepa, and mitomycin C increase the risk.2 Scleral necrosis 
is observed in 0.2-4.5% of cases.9,21,22 In particular, the risk 
increases with high concentrations and repeated applications 
of mitomycin C. In our study group, patient 3 underwent 
pterygium surgery with autograft and mitomycin C followed 
by cataract surgery 1 year later at another center, after which 
they developed conjunctival and scleral melting 1 month later. 
Despite applying conjunctival autografts twice from different 
parts of the same eye, the areas of scleral melting could not be 
closed, and the patient was referred to our clinic where he was 
successfully treated with a partial-thickness donor corneal graft 
and AMT.

Because limbal dermoids penetrate the cornea, conjunctiva, 
and scleral tissue, their removal causes tissue defects depending 
on their size and depth. Excision alone can cause scarring, corneal 
vascularization, pseudopterygium, and symblepharon.23,24,25,26,27 
Closing the defect with partial-thickness corneal grafts after 
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Figure 1. Patient 2, aged 5 years, underwent dermoid excision in another center 15 months earlier and developed scleral melting that could not be treated with conjunctivo-
Tenonplasty and amniotic membrane transplantation; a) before corneal patch grafting, b) 6 months after patch grafting

Figure 2. Patient 10, a 40-year-old man, referred from another center due to large scleral defect after glaucoma surgery; a) preoperative, b) postoperative, 3 months after 
defect closure with 7x5 mm full-thickness donor cornea

Figure 3. Patient 13, a 55-year-old woman, with exposed Ahmet glaucoma valve implant; a) insufficient conjunctivo-Tenonplasty before patch grafting, b) after grafting 
with a 300 μm patch graft prepared with Moria microkeratome
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resection reduces the development of these complications and 
creates a more cosmetically pleasing appearance.26,27 AMT and 
conjunctivo-Tenonplasty was performed in the same session as 
dermoid excision in patient 1 and approximately 15 months 
after dermoid excision performed in another center in an attempt 
to close the area of scleral melting in patient 2. When adequate 
results could not be obtained, the patients were referred to our 
center and underwent donor corneal grafting (Figure 1b). 

In SFIOL implantations, inadequate suture coverage and 
suture exposure due to tissue erosion are the most important 
complications.28,29 Microorganisms can enter the eye through 
the suture tract and cause endophthalmitis. Because fibrosis does 
not occur between the ciliary body and the haptic, removing 
the exposed suture is not recommended. If possible, the knot 
should be surgically repositioned, embedded under the sclera, 
or covered with scleral or corneal patch grafts.29 Patient 4 in 
our study group underwent SFIOL surgery in another center 
2 years earlier and the exposed SFIOL suture was closed with 
a partial-thickness donor corneal graft after failed conjunctivo-
Tenonplasty.

In phacoemulsification surgery, corneal and scleral thermal 
damage can denature the collagen and the tissue opacifies and 
contracts, preventing adequate wound closure. The wound edges 
assume a “fish-mouth” appearance that leads to postoperative 
wound leakage.30,31 Patient 5, who was also referred from another 
center, had undergone IOL removal via a corneoscleral incision, 
anterior vitrectomy, and SFIOL implantation. After deep anterior 
lamellar keratoplasty due to macular dystrophy 3 months later, 
a gradually increasing conjunctival bleb was noted during 
follow-up. Exploration of the conjunctiva at 10 months revealed 
melting of the posterior edge of the corneoscleral incision, and 
the incision site was covered with a watertight lamellar corneal 
graft. As ultrasonic energy was not used in this case, thermal 
damage was not considered the cause. There were no pathological 
findings in autoimmune investigations that could cause scleral 
melting.

To avoid the less favorable cosmetic appearance of full-
thickness corneal grafts, prevent dellen formation in lesions 
near the limbus, and achieve a more natural corneoscleral limbal 
appearance, we preferred to use partial-thickness lamellar corneal 
grafts to cover the glaucoma drainage implant in cases close 
to the limbus. If a donor corneal rim or the remaining corneal 
stroma from DMEK was used, lamellar grafts were prepared 
manually to approximately half thickness and no cosmetic 
problems occurred in any case. Grafts prepared with the Moria 
ALTK system, which is an expensive system, were made at the 
desired thickness with a smooth surface cut. In addition, beveled 
edge of the grafts, similar to LASIK flaps, provided a smooth 
recipient-donor junction with no elevation, especially when 
used near the limbus. During the follow-up period, none of the 
lamellar grafts prepared manually or with the automated system 
or the full-thickness grafts used in deep tissue loss created a 
cosmetically unacceptable appearance or dellen formation.

In our cases with scleral tissue loss or glaucoma drainage 
implant erosion caused by various pathologies, the use of corneal 

grafts provided good ocular surface restoration and cosmetic 
appearance with a maximum follow-up period of 42 months. 
The use of partial- or full-thickness corneal grafts in scleral tissue 
loss due to various causes resulted in anatomically successful 
restoration of global integrity as well as good graft-recipient 
apposition and favorable cosmesis. 

Study Limitations
Limitations of the study were that other patch graft materials 

could not be compared in long-term follow-up due to the small 
number of patients with scleral defects, many of which developed 
as complications. The strength of the study is that our evaluation 
of the use of left-over donor corneal tissues for scleral surface 
reconstructions associated with different etiologies and the 
transfer of surgical experience can shed light on other studies. 

Conclusion
Donor corneal rims left over from keratoplasty, stromal grafts 

remaining after using the endothelium for DMEK, seronegative 
grafts not suitable for optical corneal transplantation, and 
corneal tissues removed during keratoplasty can be used for the 
reconstruction of scleral surface pathologies of varying etiology. 
Long-term graft viability should be investigated in large patient 
series with long follow-up periods to determine whether the 
method is effective and safe in terms of graft failure. 
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Abstract
Objectives: To determine the prevalence of refractive errors and visual impairment in Down syndrome (DS) patients compared to 
normal controls.
Materials and Methods: Cycloplegic refraction was tested in 213 DS patients and 184 normal age- and gender-matched controls 
using autorefraction followed by retinoscopy. Data from the worse eye of each case were used in the analyses.
Results: In the DS and control groups, respectively, mean age was 17.2±4.8 and 17.2±4.4 years (p=0.993) and 53.0% and 49.5% were 
male (p=0.473). In the DS and control groups, respectively, mean spherical equivalent (SE) was -5.13±4.47 and -4.15±3.04 diopters (D) 
in myopics (p=0.050) and 2.47±1.64 and 2.36±2.04 D in hyperopics (p=0.482), mean cylinder error was -2.17±1.39 and -2.05±1.57 
D (p=0.451), mean J0 was -0.03±0.89 and 0.12±0.76 D (p=0.086), and mean J45 was 0.11±1.02 and -0.13±1.03 D (p=0.024). The 
prevalence of oblique astigmatism was higher in the DS group (20.4% vs. 6.1%) while against-the-rule astigmatism was more prevalent 
in the control group (84.0% vs. 71.6%) (p<0.001). The prevalence of anisometropia was not significantly different between the groups 
(19.4% vs. 13.8%). Visual impairment was detected in 11.7% of the DS and 0.5% of the control group (p<0.001). The prevalence of 
amblyopia was 36.3% and 3.8% in the DS and control groups, respectively (p<0.001). Based on the multiple model, only absolute SE 
inversely correlated with age and differed between males and females (all p<0.05).
Conclusion: In DS patients, the prevalence rates of refractive errors, amblyopia, and visual impairment are higher than those in non-DS 
individuals, and emmetropization appears to be either defective or slow. Cylinder error is stable in this age range, but the rotation of 
astigmatism axis is different from normal samples.
Keywords: Refractive errors, visual impairment, amblyopia, emmetropization, Down syndrome, comparative study
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Introduction

Refractive errors are one of the main items and the fifth 
priority of the 2020 Vision: Right to Sight Initiative.1 In 2012, 
a systematic review of surveys in 39 countries showed that 
uncorrected refractive errors were the leading cause of visual 
impairment (43%).2 A systematic review in 2018 reported the 
pooled prevalence of myopia, hyperopia, and astigmatism in 

children worldwide to be 11.7%, 4.6%, and 14.9% respectively, 
which are considerably high prevalence rates.3 Studies have shown 
a significant correlation between refractive errors, socioeconomic 
status, and lifestyle.4 In patients with Down syndrome (DS), 
quality of life is reduced due to medical conditions,5 and declines 
further as they age.6 Therefore, the identification and correction 
of refractive errors in this population deserves even higher 
priority than in normal populations.
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To date, several studies have been done on the prevalence 
and degree of refractive errors in patients with DS.7,8,9,10,11 These 
studies were mostly carried out in age groups 10 years of age and 
younger, and one study reported non-cycloplegic refraction in a 
group with a mean age of 15 years (range, 4 to 60 years).8,9,10,11

The goal of this study was to determine the prevalence and 
distribution of refractive errors, type of astigmatism, visual 
impairment, and amblyopia in order to provide a comprehensive 
report on the refractive status in this particular population. 
We used cyclopentolate, as evidence showed that it is the gold 
standard for epidemiological studies of refraction and increases 
the reliability of findings.12 The distribution of refraction in DS 
patients was compared to a group of age- and gender-matched 
normal controls. 

Materials and Methods

Study Subjects
The sampling details have been described elsewhere.13 This 

report is part of a larger comparative study in which 10- to 
30-year-old DS patients recruited from the nation’s special 
needs schools, the DS Society, and relevant non-governmental 
organizations were consecutively screened for eligibility and 
enrolled in the study (Table 1). Inclusion criteria were a diagnosis 
of DS and minimum age of 10 years. Exclusion criteria were 
any concomitant mental illnesses such as autism or Klinefelter 
syndrome. Of the 250 respondents, 16 were not eligible due 
to mental disabilities, Klinefelter syndrome, or autism. The 
remaining 234 underwent clinical and paraclinical examinations 
at Noor Eye Hospital. For a comparison group, 200 non-DS 
participants were consecutively selected from candidates for 
refractive surgery presenting for their first work-up session (87 
cases) and individuals presenting for a vision check-up (113 
cases) in Noor Eye Hospital. This group had no personal or 
family history of DS or other intellectual disabilities.

Ethical Consideration
Prior to enrollment, the goals and methods of the study were 

explained and written consent was obtained. For all cases in the 
DS group and those under 18 years of age in the control group, 
informed consent was obtained from their parents/guardians, and 
participants were asked for verbal assent before any procedure. 
This project was approved by the Ethics Committee of Tehran 
University of Medical Sciences (ID: 1397-091) and adhered to 
the Declaration of Helsinki at all stages.

Examinations
Visual acuity was evaluated with Snellen chart (SC-2000; 

Nidek Co., Tokyo, Japan) without correction (uncorrected 
distance visual acuity; UDVA) and with correction (corrected 
distance visual acuity [CDVA]). Manifest refraction was 
first evaluated using autorefraction (ARK-510A, NIDEK, 
Gamagory, Japan), followed by retinoscopy (ParaStop HEINE 
BETA 200; HEINE Optotechnik, Herrsching, Germany). 
Cycloplegic refraction was done in participants who, as 
determined by the physician, had no contraindication for 
cycloplegia and whose parents consented to the procedure. This 
was done 20 minutes after instilling 2 drops of cyclopentolate 
10 mg/ml eye drops (Novartis, Barcelona, Spain) 10 minutes 
apart. 

Definitions
Spherical equivalent (SE) was calculated as the spherical 

error plus half of the cylinder error. Myopia and hyperopia were 
defined as an SE ≤-0.5 diopter (D) and ≥0.5 D in the worse 
eye, respectively, and the prevalence of these conditions was 
determined. Myopia was categorized into 4 groups: mild (-0.51 
to -3.0 D), moderate (-3.01 to -6.0 D), high (-6.01 to -9.0 D), 
and extreme (<-9.0 D), and hyperopia was categorized into 3 
groups: mild (0.51 to 2.0 D), moderate (2.01 to 4.0 D), and 
high (>4.0 D). The worse eye was the one with higher absolute 
SE value, and if refractive error data were available for only one 
eye, it was considered the worse eye.

The definition and prevalence of astigmatism was based 
on a cylinder error <-0.5 D in the worse eye (higher absolute 
astigmatism). Astigmatism types were with-the-rule (WTR, 
steep axis 90°±30°), against-the-rule (ATR, steep axis 
180°±30°), and oblique (other axes). If cylinder error data were 
available for only one eye, it was considered the worse eye. Pure 
astigmatism was defined as a spherical error of -0.5 to 0.5 D and 
a cylinder error higher than 0.5 D.

Thibos astigmatism vector analysis14 was used to decompose 
cylinder error to J0 and J45. As such, J0 = -C/2cos2ɑ and J45 
= -C/2sin2α, where C is the cylinder value and α is the cylinder 
axis. A positive value for J0 indicates WTR astigmatism 
and a negative value indicates ATR. J45 represents oblique 
astigmatism at 45° and 135°, and a positive value indicates + 
cylinder axis >90°.

Anisometropia was reported in terms of an interocular SE 
difference more than 1.0 D and visual impairment was based on 
a CDVA <20/60 in the worse eye. Amblyopia was defined as 2 

Table 1. Summary of sources from which Down syndrome patients were recruited

Source Geographic distribution
Number of cases enrolled in 
this study

Number of 10-30 Down 
cases covered

Special needs schools All provinces throughout the nation 146 from 12 provinces 1650

Down Syndrome Society Tehran province 36 640

National Angels Foundation - Wall 47
Tehran, Rasht, Zanjan, Sanandaj, Semnan, 
Kerman, Shiraz, Qom, Qazvin

22 500

Social media (5) Mostly Tehran province 30 -
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lines or greater interocular difference in CDVA in the absence of 
correctable pathology.15

Statistical Analysis
Prevalence was calculated as the ratio of cases with a given 

condition in at least one eye to the total number of people who 
were examined for the condition. Data of the worse eye were 
used in the analysis. Four age groups of 10-15, 16-20, 21-25, 
and 26-30 years of age were defined, and prevalence rates were 
determined for all age and gender subgroups. Multiple linear 
regression was used to examine the correlation of absolute 
refractive error with age (continuous variable), gender (female: 
0 and male: 1), and group (normal: 0 and DS: 1). In addition, 
multinomial regression model (baseline: emmetropia) was used 
to test the correlation of the prevalence of refractive errors with 
age, gender, and group. The prevalence of anisometropia, visual 
impairment, and amblyopia was compared between the two 
groups using the chi-square test.

Results

After applying the inclusion criteria for this report (having 
cycloplegic refraction results, no ectasia, and no history of corneal 
surgery), of the 234 patients with DS and 200 normal controls 
enrolled into the study, data from 213 DS cases and 184 controls 
were used in the analyses. 

In the DS and control groups, respectively, the mean age was 
17.2±4.8 and 17.2±4.4 years (p=0.993), and 53.0% and 49.5% 
were male (p=0.473). In the DS and control groups, mean 
UDVA was 0.36±0.34 and 0.86±0.62 logMAR (p<0.001) and 
mean CDVA was 0.20±0.11 and 0.02±0.06 logMAR (p<0.001), 
respectively.

Distribution of Refractive Errors
Table 2 summarizes refractive indices in the two studied 

groups and in refractive error, age, and gender subgroups. 
Based on multiple analysis, absolute SE was significantly 
correlated with age (β=0.11, p=0.002), gender (β=0.853, 
p=0.007), and group (β=-0.81, p=0.010). Mean cylinder 
error, J0, and pure astigmatism were not correlated with these 
parameters (all p>0.05). J45 was higher in the DS group 
(β=0.24, p=0.022). 

Prevalence of Refractive Errors, Visual Impairment, and 
Amblyopia

Table 3 presents the prevalence of emmetropia, myopia, 
hyperopia, and pure astigmatism in the DS and control groups 
and their age and gender subgroups. Figure 1 shows the subtypes 
of refractive errors in each group. Anisometropia >1.0 D was 
detected in 19.4% of the DS and 13.8% of the control group 
(p=0.136). Visual impairment was observed in 11.7% of the 
DS and 0.5% of the control group (p<0.001). The prevalence of 
amblyopia was 36.3% and 3.8% in the DS and control groups 
(p<0.001), respectively.

Based on multinomial analysis, the prevalence of myopia 
increased with age (odds ratio [OR]=1.11, p=0.004) and 
was higher in the control group (OR=7.95, p<0.001). The 

prevalence of hyperopia was age-independent and higher in 
the DS group (OR=2.36, p=0.049). The prevalence of pure 
astigmatism was age-independent and higher in the DS group 
(β=2.83, p<0.001). The prevalence of refractive errors and pure 
astigmatism did not correlate with gender.

The prevalence of oblique astigmatism was higher in DS 
patients (20.4% vs. 6.1%), while WTR (84.0% vs. 71.6%) and 
ATR (9.9% vs. 8.1%) astigmatism was more common in the 
control group (p<0.001). The multinomial regression model 
showed that the prevalence of WTR astigmatism decreased with 
age (OR=0.893, p=0.003) and was not significantly different 
between the two groups (p=0.940). Oblique astigmatism was 
age-independent and the prevalence was higher in the DS group 
(OR=4.24, p=0.003) (Figure 2). The prevalence rates of the 
three types of astigmatism orientation were not significantly 
different between genders (all p>0.05). 

Age and gender were not significantly correlated with 
anisometropia (p=0.764 and p=0.136), visual impairment 
(p=0.133 and p=0.220), or amblyopia (p=0.482 and p=0.118, 
respectively).

Discussion

In this large comparative study, we showed the distribution 
and prevalence of myopia, hyperopia, astigmatism, amblyopia, 
and visual impairment in a sample of DS patients aged 10-30 
years (when the incidence of refractive errors is highest) and 
compared the results to a group of age- and gender-matched 
controls. The strength of this study was selecting DS patients 
from different sources and creating a sample with diverse cases. 
Although several studies have been done on refractive errors in 
DS patients, they have often been studied in the 10-year-old 
age group7,9,10,11 or a broad age range (3 months to 60 years) 
without cycloplegia.8 As emmetropization has been suggested 
to be incomplete in DS patients even up to 17 years of age16 
and the prevalence of myopia tends to increase in non-DS 
individuals after the age of 9 years17 and continue up to 30 

Figure 1. The subtypes of refractive errors in patients with Down syndrome 
patients and normal control group
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Table 2. Distribution of refractive components by age and gender in 10- to 30-year-old Down syndrome patients and normal 
control group

n 
Spherical 
equivalent (D)

Sphere (D) Cylinder (D) J0 (D) J45 (D)

Total
Down 213 -0.59±4.38 0.49±4.20 -2.17±1.39 -0.03±0.89 0.11±1.02

Normal 184 -3.42±3.43 -2.37±3.47 -2.05±1.57 0.12±0.76 -0.13±1.03

Refractive 
error

Myopia
Down 72 -5.13±4.47 -3.87±4.41 -2.61±1.45 -0.22±1.06 -0.08±1.07

Normal 159 -4.15±3.04 -3.15±3.05 -2.00±1.52 0.12±0.77 -0.14±0.98

Hyperopia
Down 97 2.47±1.64 3.43±1.74 -1.96±1.03 -0.02±0.72 0.24±0.89

Normal 12 2.36±2.04 3.44±2.10 -2.15±1.61 0.00±0.87 0.27±1.03

Pure astigmatism
Down 43 -0.02±0.24 -2.13±1.26 -2.18±1.26 D -0.26±0.85 -0.06±0.88

Normal 15 0.05±0.38 -2.62±1.68 -2.62±1.68 D 0.07±0.89 -0.22±1.30

Age group 
(years)

10-15
Down 101 0.03±3.70 1.03±3.60 -2.01±1.15 0.02±0.85 0.13±0.89

Normal 70 -2.57±3.81 -1.30±3.76 -2.43±1.65 0.24±0.87 -0.04±1.17

16-20
Down 68 -0.87±4.00 0.28±3.78 -2.30±1.45 0.01±0.96 -0.06±0.96

Normal 75 -4.27±2.90 -3.34±2.95 -1.86±1.46 0.05±0.67 -0.08±0.98

21-25
Down 33 -1.61±5.69 -0.52±5.68 -2.17±1.09 -0.29±0.87 0.12±0.87

Normal 35 -3.21±3.55 -2.37±3.60 -1.69±1.55 0.003±0.69 -0.35±0.85

26-30
Down 11 -0.76±5.98 0.48±5.15 -2.50±2.61 0.09±0.80 0.64±1.58

Normal 4 -3.84±1.74 -2.94±1.05 -1.81±1.54 0.11±0.69 -0.15±1.07

Gender

Female
Down 101 -1.08±5.07 -0.02±4.98 -2.13±1.29 -0.04±0.96 0.21±0.87

Normal 93 -3.86±3.63 -1.79±3.09 -2.26±1.58 0.07±0.81 -0.17±1.10

Male
Down 112 -0.15±3.62 0.95±3.30 -2.20±1.48 -0.02±0.82 0.02±1.13

Normal 91 -2.96±3.17 -2.94±3.73 -1.84±1.54 0.16±0.70 -0.09±0.97

n: Number of individuals, D: Diopters

Table 3. Frequency (%) of refractive components by age and gender in 10- to 30-year-old Down syndrome patients and normal 
control group

n
Emmetropia
n, (%)

Myopia
n, (%)

Hyperopia
n, (%)

Pure astigmatism 
n, (%)

Total
Down 213 44 (20.7) 72 (33.6) 97 (45.6) 43 (20.3)

Control 184 13 (7.1) 159 (86.3) 12 (6.6) 15 (8.2)

Age group

10-15
Down 101 23 (22.5) 27 (26.5) 52 (51.0) 23 (22.5)

Control 70 9 (13.2) 52 (76.5) 7 (10.3) 12 (17.1)

16-20
Down 68 16 (21.6) 26 (35.2) 32 (43.2) 14 (18.9)

Control 75 3 (4.0) 69 (92.0) 3 (4.0) 2 (2.7)

21-25
Down 33 8 (20.5) 17 (43.6) 14 (35.9) 8 (20.5)

Control 35 1 (2.9) 32 (91.4) 2 (5.7) 1 (2.9)

26-30
Down 11 1 (5.8) 8 (47.1) 8 (47.1) 2 (11.8)

Control 4 0 (0.0) 4 (100.0) 0 (0.0) 0 (0.0)

Gender

Female
Down 101 18 (16.4) 43 (39.1) 49 (44.5) 17 (15.5)

Control 93 8 (8.6) 80 (86.0) 5 (5.4) 6 (6.5)

Male
Down 112 30 (24.6) 35 (28.7) 57 (46.7) 30 (24.6)

Control 91 5 (5.6) 77 (86.5) 7 (7.9) 9 (9.9)

n: Number of individuals; Prevalence of refractive errors and pure astigmatism were statistically different between Down syndrome and control groups (all p<0.001)
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years of age18, in this study we considered the age range of 10 
to 30 years.

Distribution of Refractive Errors
Non-cycloplegic SE values were reported as 1.43±2.86 

D in the age group of 15-22 years (mean 17 years) in a study 
by Doyle et al.16 and as -1.86±5.28 D in a sample aged 3 
months to 60 years (mean 15 years) in a study by Alio et al.8 
In our DS group, with a mean age of 17 years, cycloplegic 
SE (-0.59±4.38 D) was lower than that in the mentioned 
studies. However, the cylinder error in our sample was 0.5 to 
1.0 D higher than in these two studies. In other words, the 
lower SE in the present study was due to the lower spherical 
error. The effect of cyclopentolate on refractive measurements 
should be considered, especially in the ≤20 age group. The use 
of cyclopentolate in our study can explain the more positive 
SE19 than in the study by Alio et al.8 In the study by Doyle 
et al.16, SE was positive (hyperopia) in 80% of cases, which 
differs considerably from the results of the present study (46% 
hyperopia). Given that the difference between cycloplegic and 
non-cycloplegic refraction is significant in hyperopics up to 
30 years of age12, the difference between the two studies is 
expected, albeit ethnicity and age may be influential factors 
as well.20 

Prevalence of Refractive Errors and Visual Impairment
The prevalence rates of myopia, hyperopia, emmetropia 

(defined as SE >-0.5 and <0.5 D), and pure astigmatism 
in our DS group were 33.6%, 45.7%, 20.7%, and 20.3%, 

respectively. Of the myopic cases, 12.8% were extreme, and 
among hyperopic cases, 17.9% were high hyperopic. In some 
studies, cycloplegic evaluation of DS patients under 1 year 
to 18 years of age9,10,11 showed higher rates of hyperopia (SE 
≥0.75 D) than myopia (SE ≤-0.75 D) in these populations 
(59.0% vs. 9.0%9, 28.0% vs. 25.0%10, and 36.9% vs. 
24.6%11). In a study by Adio and Wajuihian7, myopia (SE 
≤-0.5 D) was predominant compared to hyperopia in patients 
up to 28 years of age (38.1% vs. 9.5%). Another study in 
the 15- to 22-year age range reported a hyperopia prevalence 
of 80% in DS patients.16 In the present study (10-30 years), 
the prevalence of hyperopia was approximately 46% (i.e., 1.4 
times of the rate of myopia), and 17.9% had hyperopia greater 
than 4.0 D. Except for the Adio and Wajuihian7 study, other 
studies with different age groups have shown hyperopia to 
be the most common refractive error in DS individuals. The 
difference in the frequency of refractive errors in these studies 
is due to differences in sample age, threshold for the definition 
of SE, and inducing cycloplegia.

Comparing the prevalence of refractive errors in the DS 
group of this study (33.6% for myopia and 45.6% for hyperopia) 
with the rates in the age- and gender-matched control group 
(86.3% for myopia and 6.6% for hyperopia) suggested that 
emmetropization in DS patients is defective or slow. Unlike 
normal populations, where the prevalence of hyperopia is higher 
in men and the prevalence of myopia is higher in women,21,22 
there was no significant inter-gender difference in our DS group 
in terms of the prevalence of refractive errors. Similarly, there 

Figure 2. The types of astigmatism in patients with Down syndrome patients and normal control group based on age groups 
WTR: With-the-rule astigmatism, ATR: Against-the-rule astigmatism
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was no inter-gender difference in terms of astigmatism type as 
in healthy samples.23 The ratio of oblique/ATR astigmatism in 
DS patients in comparison with the control group (2.06 vs. 0.75) 
points to a defective emmetropization process in DS patients.

In the current study, the prevalence of visual impairment was 
11.7% in DS patients, while other studies reported rates of 46% 
(in a 50- to 59-year-old sample) up to 85% (in those ≥60 years 
of age), which might indicate a higher prevalence with age.24,25,26 
The prevalence of amblyopia in our sample was 36.3%. Others 
have reported rates of 8.5% for a sample age between 1 and 
31 years and 13% in those between 6 months and 14 years of 
age.27,28 Ugurlu ve Altinkurt29 reported a prevalence of 36.4% for 
amblyopia in DS patients with a mean age of 13 years in Turkey, 
which is very close to our study. These variations are perhaps due 
to ethnic differences, sample age, or the prevalence and severity 
of refractive errors. 

Conclusion
Overall, in our sample of 10- to 30-year-old DS patients, the 

prevalence of refractive errors, astigmatism, visual impairment, 
and amblyopia was higher than that of their age- and gender-
matched controls, and emmetropization appeared to be either 
defective or slow. The prevalence of refractive and visual 
complications was similar between males and females. Cylinder 
error appears to be stable in this age range in DS patients, but 
the rotation of its axis was different from the controls. These 
findings are useful for refractive errors correction services for 
DS patients.
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Abstract
Objectives: To analyze and compare sociodemographic features between Behçet uveitis and other non-infectious uveitis.
Materials and Methods: The data of adults with non-infectious uveitis in the nationwide uveitis database were analyzed and the 
sociodemographic features of patients with and without Behçet disease were compared.
Results: This study included data of 4,978 eyes of 3,363 patients from 33 centers. The mean age at presentation was 38.7±13.3 (17-
87) years. The mean age was 34.3±10.5 years in the Behçet uveitis group and 41.1±14.0 years in the other non-infectious uveitis group 
(p<0.001). Male predominance was seen in the Behçet uveitis group (67.7% vs. 32.3%) while female patients were more common in 
the other non-infectious uveitis group (54.4% vs. 45.6%, p<0.001). Regarding education level, the proportion of patients with low 
education was higher in the Behçet uveitis group than the other non-infectious uveitis group (49.6% vs. 43.4% in males, p=0.004; 
61.5% vs. 59.2% in females, p=0.021). Having a low-income job or being currently unemployed, indicators of poor income, were more 
frequent in the Behçet uveitis group than in the other non-infectious uveitis group (32.0% vs. 22.8%, p<0.001). In the comparison of 
places of residence, the proportion of patients who lived in cities with low gross national product was 37.0% in the Behçet uveitis group 
and 31.1% in the other non-infectious uveitis group (p<0.001).
Conclusion: Patients with Behçet disease had lower education level and socioeconomic status than patients with other non-infectious 
uveitis entities.
Keywords: Behçet uveitis, non-infectious uveitis, sociodemographic, uveitis
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Introduction

Uveitis is an important cause of visual impairment and vision 
loss in Western societies, accounting for approximately 10% 
of blindness.1,2 Limitations associated with visual impairment 
can adversely affect patients’ ability to work and may lead to 
absenteeism or loss of workforce. It can occur at all ages, but due 
to the generally early onset, it especially affects the working age 
group and creates a serious personal and economic burden.3,4

Although uveitis may develop due to infectious and non-
infectious causes, it is often observed due to non-infectious 
causes.5 Non-infectious uveitis may be idiopathic or occur 
due to systemic disease, and Behçet disease remains the most 
common non-infectious uveitis etiology in our country.6 The 
aim of this study was to analyze and compare sociodemographic 
characteristics between Behçet uveitis and other non-infectious 
uveitis.

https://orcid.org/0000-0002-8963-5146
https://orcid.org/0000-0002-5714-7172
https://orcid.org/0000-0002-0555-768X
https://orcid.org/0000-0002-5834-7512
https://orcid.org/0000-0002-4020-453X
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Materials and Methods

The Behçet Uveitis Screening Trial (BUST), planned by the 
Uvea-Behçet Unit of the Turkish Ophthalmological Association, 
was initiated in November 2008 to determine the demographic 
and clinical characteristics of non-infectious uveitis patients 
presenting to secondary and tertiary health centers in Turkey. 
It is a multicenter, observational, national registry study with 
a total of 33 participating centers, including 21 university 
hospitals and 12 training and research hospitals. The study 
protocol was approved by the İstanbul University İstanbul 
Faculty of Medicine Ethics Committee and the Ministry of 
Health and was carried out in accordance with the Declaration of 
Helsinki. All patients included in the study provided informed 
consent.

During the study, the investigators were asked to include 
all patients with active or inactive uveitis who were presenting 
to their centers for the first time. Patients with masquerade 
syndromes such as lens-associated uveitis, postoperative or 
posttraumatic inflammation, exogenous endophthalmitis, 
and intraocular malignancies were excluded from the study. 
An electronic data collection system consisting of standard 
questions was created specifically for the registry and used 
to record the data online. The online registration system 
enabled duplicate registrations to be detected and prevented. 
Monitoring visits were made to all centers and patient 
records were checked by an external auditor to ensure data 
reliability and validity. Data collection was terminated at the 
end of October 2011 and the data of the patients who were 
registered between November 2008 and October 2011 were 
analyzed. 

The general demographic and clinical characteristics of 
uveitis in Turkey according to the results of the BUST study 
have been published.6 The present study analyzes data not 
included in that report and compares the sociodemographic 
characteristics of adult patients with Behçet uveitis and non-
Behçet non-infectious uveitis. 

Statistical Analysis
Data were analyzed using SPSS for Windows version 15.0 

(SPSS Inc., Chicago, IL). Data distributions were calculated 
using analytical methods. Pearson’s chi-square test was used in 
cross tabulation analysis. The Mann-Whitney test was used for 
nonparametric data. A p value <0.05 was considered statistically 
significant.

Results

The study included 4,978 eyes of 3,363 patients with non-
infectious uveitis in 33 centers. Of these, 1,170 (34.8%) of the 
patients had Behçet uveitis and 2,193 (65.2%) had non-Behçet 
non-infectious uveitis. 

Of the patients with non-infectious uveitis, 1,791 (53.3%) 
were male and 1,572 (46.7%) were female. The male to female 
ratio was 1.14:1. When the two groups were compared, males 
comprised 67.7% of the Behçet uveitis group (male to female 

ratio 2.09:1) and 45.6% of the other non-infectious uveitis group 
(male to female ratio 0.83:1) (p<0.001). 

The mean age of the patients was 38.7 (17-87) years. 
However, there was a statistically significant difference in mean 
age between the two groups. The mean age was 34.3±10.5 
years in the Behçet uveitis group and 41.1±14 years in the non-
infectious uveitis group (p<0.001).

Of all non-infectious uveitis patients, 1615 (48%) 
had bilateral involvement and 1748 (52%) had unilateral 
involvement. When the two groups were compared, the rate 
of bilateral involvement was significantly higher in the Behçet 
uveitis group (65.6%, n=768) than in the other non-infectious 
uveitis group (38.6%, n=847 cases) (p<0.001). When 
involvement was compared within the 1,791 male patients, 
the rate of bilateral involvement was 65.9% (n=522) in the 
Behçet group and 32.3% (n=323) in the non-Behçet non-
infectious uveitis group (p<0.001). Among female patients, 
the rate of bilateral involvement was 65.1% (n=246) in the 
Behçet group and 43.9% (524 cases) in the non-Behçet non-
infectious uveitis group (p<0.001). The patients’ education 
level, occupation, place of residence according to gross national 
product (GNP), and mode of presentation are summarized 
in Table 1. When all patients were evaluated together, there 
was no significant difference in education level between the 
Behçet uveitis and non-Behçet non-infectious uveitis groups 
(p>0.05). Low income indicators such as having a low-income 
job or being currently unemployed were more frequent in the 
Behçet uveitis group than in the other non-infectious uveitis 
group (32.0% vs. 22.8%, p<0.001). When the patients’ places 
of residence were compared, the proportion of patients living 
in cities with low GNP was 37.0% in the Behçet uveitis group 
and 31.1% in the other non-infectious uveitis group (p<0.001) 
(Table 1).

Sociodemographic characteristics of male and female patients 
were compared between the Behçet uveitis and non-Behçet non-
infectious uveitis groups. In males, the proportion of patients 
with low education (uneducated or primary school graduate) 
was higher in the Behçet uveitis group than in the other non-
infectious uveitis group (49.6% vs. 43.4%), while a moderate 
to high education level (high school and university) was more 
common in the other non-infectious uveitis group than in the 
Behçet uveitis group (55.2% vs. 47.7%) (p=0.004). Similarly, 
low education level was more prevalent among women in the 
Behçet uveitis group than the other non-infectious uveitis group 
(61.5% vs. 59.2%), whereas moderate to high education level 
was more common in the other non-infectious uveitis group 
than in the Behçet uveitis group (39.8% vs. 32.8%) (p=0.021) 
(Table 1).

In addition, education level in the Behçet uveitis and non-
Behçet non-infectious uveitis groups was evaluated according 
to male and female gender. When the patients were evaluated 
as a whole and separately in the Behçet and non-Behçet non-
infectious patient groups, low education level was more common 
in females and a moderate to high education level was more 
common in males (p<0.001). 
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Low income indicators such as having a low-income job or 
being currently unemployed were more frequent among men 
in the Behçet uveitis group than in the other non-infectious 
uveitis group (37.5% vs. 31.3%, p<0.001). Similarly for 
women, having a low-income job, being unemployed, or being 
a homemaker were more common in the Behçet uveitis group 
than in the other non-infectious uveitis group (77.2% vs. 71.6%, 
p=0.018) (Table 1). 

When we compared places of residence, the proportion of 
patients living in cities with low GNP was higher in the Behçet 
uveitis group compared to the other non-infectious uveitis group 
(38.3% vs. 30.0%, p<0.001). However, there was no statistically 
significant difference between the two groups in terms of GNP 
in women (p>0.05) (Table 1). 

When patients’ mode of presentation to the secondary and 
tertiary care centers was evaluated, it was determined that most 
patients presented by their own volition (48.2%). However, 
presentation by consultation was significantly more common in 
the Behçet uveitis group than in the other non-infectious uveitis 
group (28.7% vs. 13.7% in all patients; 28.9% vs. 13.2% in 
males; 28.3% vs. 14.2% in females, p<0.001) (Table 1). 

Discussion

As opposed to causes of vision loss such as cataract and age-
related macular degeneration that are associated with advanced 
age, uveitis is the fifth most common cause of vision loss in 
middle-aged adults.7 According to the 2010 age and frequency 
table of the Turkish Statistical Institute (TSI) (http://www.tuik.
gov.tr), 3% of individuals in the 35-44 year age range had vision 
problems. Non-infectious uveitis is also one of the potential 
etiologies included in this percentage. With national multicenter 
studies, standardization of diagnosis and data recording systems 
can provide a more comprehensive view of uveitis cases. As a 
result of the BUST study initiated for this purpose, a database 
has been established for uveitis cases in our country. According 
to the initial results of this study, Behçet uveitis is still the 
most common non-infectious cause of uveitis in our country.6 
Therefore, we decided to conduct further subanalyses of the 
data pertaining to Behçet patients. With better elucidation 
of the demographic and socioeconomic factors of the disease, 
more appropriate social, psychological, medical, and economic 
approaches to these patients can be planned.

The distribution and etiology of uveitis types are influenced 
by genetic, geographic, social, and environmental factors. The 
prevalence of Behçet uveitis is known to be high in Asian 
and Mediterranean countries.8 Behçet uveitis also occurs more 
frequently in males.9 In our study, Behçet uveitis was more 
common in men (67.7%). Similarly, in a large study of Behçet 
uveitis patients conducted in our country, the proportion of male 
patients was found to be 68%.10 Although there has been no 
change in the incidence of Behçet disease in our country over the 
years, recent publications based in Japan have reported a decrease 
in incidence.11,12 Similarly, a decrease in some clinical signs 
related to genital ulceration, ocular involvement, and skin lesions 

and a lower annual incidence of Behçet disease were reported in 
Korea.13,14 This suggests that the etiology of the disease may be 
related to environmental factors. Of the environmental factors, 
two possible mechanisms for this epidemiological change are 
a change in the balance of atopy/allergy or a decrease in the 
frequency of infection.15 Infections have long been proposed to 
be a triggering factor in the pathogenesis of Behçet disease.16 
Activation of stable Behçet disease has been reported after 
dental treatments and streptococcal antigen skin testing.17 Poor 
oral health has been reported in Behçet patients and associated 
with more severe course.18 Considering all of these mechanisms 
together, the decrease in incidence in Japan may be associated 
with improved oral hygiene. In a recent publication, a mouse 
model was developed to explain the relationship between 
gut microbiome composition and the pathogenesis of Behçet 
disease.19 Further evidence supporting the hypothesis that 
Behçet disease develops due to environmental factors is its higher 
prevalence at lower socioeconomic levels. A study comparing 
socioeconomic status and personal hygiene habits of people with 
multiple sclerosis, headache, and neuro-Behçet disease showed 
that patients with neuro-Behçet disease had lower socioeconomic 
level and poorer hygiene habits.20 In our study, the proportion of 
patients living in cities with low GNP was found to be higher in 
the Behçet uveitis group than in the other group. Having a low 
socioeconomic level may also be one of the potential risk factors 
for Behçet disease.

According to TSI data, the unemployment rate in our 
country was reported as 9.1% in 2011, the year in which this 
study was completed. In our study, the unemployment rate was 
8.9% among all patients with non-infectious uveitis and 7.6% 
among all male patients. However, the actual unemployment 
rate in uveitis patients may be higher than that found in this 
study because unemployed patients may lose their health 
insurance and therefore not seek medical care unless they 
have very serious complaints. The unemployment rate among 
men was 8.5% in the Behçet group and 7% in the other non-
infectious uveitis group. Among women, the unemployment 
rate was higher (10.2%) and showed no difference between the 
two groups. Being employed as a civil servant, which requires 
a higher education level, was lower in both male and female 
Behçet patients compared to the other group. In contrast, the 
frequency of being a laborer or self-employed was higher in 
the Behçet uveitis group compared to the other non-infectious 
uveitis group. There may be several explanations for these 
findings. Firstly, Behçet uveitis has earlier onset than uveitis of 
other non-infectious etiologies, so patients dealing with Behçet 
disease in their most active age period may have difficulty 
participating in employment. Secondly, since Behçet disease is 
actually a multisystemic obstructive vasculitis, they may lag 
in employment due to complications associated with other 
system involvement. According to TSI 2018 statistics, 14.2% 
of people who are not included in the workforce are unable to 
participate in employment due to disability. Some of our patients 
may also be included in this group. In addition, patients with 
Behçet uveitis have worse visual prognosis than patients with 
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non-infectious uveitis without systemic association, even when 
intensive therapy is initiated in the early stages of the disease.4 
Moreover, because these patients are followed by numerous 
specialists in branches such as dermatology, rheumatology, 
and ophthalmology, their frequent hospital visits may make 
them less desirable to potential employers. A study evaluating 
the risk of leaving the workforce over time for patients with 
non-infectious intermediate, posterior, and panuveitis showed 
that this rate was 11% for year 1, 31% for year 5, and 44% 
for year 10, and was significantly higher than the control 
group (p=0.007).21 Similarly, the presence of systemic disease 
and relatively poor visual prognosis are potential factors that 
may affect patients’ education. In this study, the proportion 
of patients who were unschooled or primary school graduates 
was also higher in the Behçet uveitis group than in the other 
non-infectious uveitis group. This finding may be important in 
explaining why patients with Behçet uveitis are more frequently 
unemployed, self-employed, or working as laborers.

In a study from the United States, it was reported that 
monthly health costs due to non-infectious uveitis varied by 
treatment method and were $935 in the corticosteroid group, 
$1,738 in the immunosuppressant group, and $1,439 in the 
biological agent group.22 In fact, in cases of blindness due to 
non-infectious uveitis, annual health expenditures can be up 
to $17,846.23 Considering both job loss and treatment costs 
together provides a better understanding of the socioeconomic 
dimension of the disease. Uveitis is also a disease that impacts 
quality of life. In a study conducted in patients with intermediate 
uveitis, a direct interaction between vision-related quality of 
life and general health-related quality of life was reported.24 
Especially in Behçet patients, it has been shown that general 
health status is more affected by visual function.25 As expected, 
patients with systemic disease associated with non-infectious 
uveitis were found to have poorer quality of life scores than 
patients with only ocular findings.26 In a study conducted in 
our country, it was shown that Behçet patients with ocular 
involvement were susceptible to psychosocial disorders such as 
anxiety and depression.27 Moreover, in another study conducted 
in our country, general health sub-scales were examined in 
patients with active uveitis according to etiology, and scores 
were found to be significantly lower in Behçet uveitis than HLA-
B27-associated uveitis.28 Fatigue, depression, and anxiety scores 
were also reported to be higher in Behçet disease compared to 
healthy controls, and advanced regression analysis revealed a 
significant association between fatigue and anxiety, depression, 
and physical dysfunction.29 Stressful life events have been shown 
to have an important role in leading to secondary problems in 
periods of relapse and remission in Behçet disease, with 79.4% 
of patients associating disease activation with a stress factor.30 All 
these findings demonstrate the socioeconomic and psychological 
dimensions of the disease.

Study Limitations
In our study, the proportion of patients who were seen for 

consultation was higher in the Behçet uveitis group compared to 

the other non-infectious uveitis group. Behçet disease is common 
in our country, so this result may be because clinicians have high 
awareness of the disease and its ocular morbidity is well known. 
Since Behçet disease is a multisystemic obstructive vasculitis, a 
comprehensive interdisciplinary approach is essential for disease 
management.

Conclusion
In conclusion, Behçet uveitis is still the most common non-

infectious uveitis etiology in Turkey. Patients with Behçet disease 
had lower education and socioeconomic levels than those with 
other non-infectious uveitis. Early diagnosis, early and adequate 
treatment, and preventing complications are essential to enable 
these patients to receive better education, remain employed, and 
work in better conditions. In addition, socioeconomic models 
can be developed to provide employment to patients already 
suffering from this disease, which has a high prevalence in our 
country. As patients reach a higher socioeconomic level, follow-
up continuity and treatment adherence may improve, breaking 
the vicious cycle between disease, disease-related job loss, and 
treatment nonadherence due to job loss and thereby enabling 
these patients, most of whom are in their productive years, to be 
reintegrated into society.
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Abstract
Objectives: To identify microbiological growth on bicanalicular silicone tubes (BST) placed during dacryocystorhinostomy (DCR) 
surgery and to analyze the association between culture results and surgical outcomes and BST removal time.
Materials and Methods: A total of 80 lacrimal drainage systems of 68 patients who had external DCR with bicanalicular silicone 
intubation were included the study. Twenty-five tubes (31.3%) were removed up to 8 weeks, 28 tubes (35.0%) were removed between 
9 and 11 weeks, and the remaining 27 tubes (33.7%) were removed 12 weeks or more after surgery. The tubes were transferred to Stuart 
medium and sent for microbiologic examination. The disc diffusion method was used to determine antibiotic resistance.
Results: Culture positivity was observed for 96.2% of the tubes. Among a total of 109 isolates, 63 were gram-positive bacteria (57.8%), 
37 were gram-negative bacteria (34%), and 9 were fungi (8.2%). The most commonly isolated gram-positive and gram-negative bacteria 
were Staphylococcus aureus (66.6%) and Enterobacter spp. (29.7%), respectively. Penicillin, clindamycin, erythromycin, and tetracycline 
resistances were higher among gram-positive pathogens. Cephalothin, amoxicillin-clavulanic acid, and ampicillin resistances were higher 
among gram-negative pathogens. There was no significant difference in terms of the microbiological profile between the three groups of 
removed tubes. Haemophilus influenzae was isolated at a significantly higher rate in patients with surgical failure (p=0.04).
Conclusion: Although a variety of agents were isolated from removed BST, gram-positive organisms were more frequent than gram-
negatives and fungi. S. aureus and Enterobacter were the most common gram-positive and gram-negative isolates. Later BST removal 
was associated with the isolation of significantly more bacterial strains per tube. There was no correlation between multiple infections 
and surgical failure. H. influenzae was more common in failed DCR cases.
Keywords: Bicanalicular silicone tube, external dacryocystorhinostomy, microbiology, nasolacrimal duct obstruction
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Introduction

External dacryocystorhinostomy (DCR) is the gold standard 
therapeutic procedure for nasolacrimal duct obstruction (NLDO). 
Bicanalicular silicone tube intubation has been widely used in 
DCR surgery since its introduction by Gibbs in 1967.1,2 However, 
the benefit of bicanalicular silicone tube intubation in DCR 
surgery remains controversial.3,4,5 Kim et al.6 reported that silicone 
intubation improves surgical success rate, whereas Allen and Berlin7 
asserted that it has a negative impact on primary DCR surgery.

Choung and Khwarg8 conducted a study and suggested 
that patients with primary NLDO who have large lacrimal sacs, 
intact canalicular systems, and wide nasal cavities do not require 
tube placement during external DCR. Consequently, common 
indications for bicanalicular silicone tube intubation in DCR 
are revision surgeries, common canalicular stenosis, fibrotic 
lacrimal sac, and inadequate anastomosis of lacrimal sac and nasal 
mucosal flap.9,10 The most frequent complications considered to 
be related with silicone tube intubation are punctal slitting and 
peripunctal granuloma formation, canalicular laceration, tube 
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displacement or loss, chronic nasal or conjunctival irritation, and 
corneal abrasion.11

Microbiological growth over the silicone tubes and its 
effect on surgical outcomes has been analyzed in a few studies. 
Although Ali et al.12 reported that the organisms isolated from 
silicone tubes did not influence the success rate of DCR, Kim et 
al.13 found that the rate of Pseudomonas aeruginosa infection was 
significantly higher in those with final surgical failure.

In this study, we aimed to identify the microbiological 
profile and antibiotic resistance of agents colonizing silicone 
tubes removed after DCR. We also analyzed the relationship 
between the culture results and surgical outcomes and tube 
removal time.

Materials and Methods

This study was a retrospective observational case series and 
included a total of 80 eyes of 68 adult patients who underwent 
external DCR surgery and silicone tube intubation in Ankara 
University Faculty of Medicine Ophthalmology Department. 
The study protocol was approved by the Ethics Committee of 
Ankara University of Medical Sciences and was carried out in 
accordance with the ethical guidelines of the Declaration of 
Helsinki. Thirteen of the patients were men (19.1%) and 55 
were women (80.9%). The mean age of the participants was 
55.1 years (±13.9, range 30-82 years). The number of patients 
with bilateral involvement was 12 (17.6%). Fifteen patients 
had diabetes mellitus (22%), one patient had scleroderma 
(1.4%), and one patient had history chemotherapy because 
of breast carcinoma (1.4%). Eight eyes (10%) had history of 
acute dacryocystitis and 12 eyes (15%) had history of chronic 
dacryocystitis before the operation. Patients using systemic 
and topical antibiotics prior to surgery were not included in 
the study. NLDO was confirmed using lacrimal irrigation 
before surgery. The otolaryngology department was consulted 
to detect the presence of intranasal pathologies before surgery. 
Thirteen eyes (16.2%) underwent revision and 67 eyes (83.8%) 
underwent primary external DCR surgery by a single surgeon 
(M.B.H.). The indications for silicone intubation were recurrent 
NLDO, common canalicular obstruction, fibrotic lacrimal sac, 
or inadequate lacrimal or nasal mucosal flaps for successful 
anastomosis. 

Bicanalicular tubes were planned to be removed at 8 to 
12 weeks after surgery. The tubes were removed through 
the nasal cavity using aseptic precautions and transferred to 
Stuart medium. Gram staining was performed first for all the 
collected samples. All the samples were cultured on blood agar, 
eosin methylene blue (EMB) agar, and chocolate agar and in 
brain-heart infusion broth for isolation of aerobic or facultative 
anaerobic bacteria. Chocolate, blood and EMB agars were 
incubated at 37°C in a 5%-10% CO2 atmosphere for 24-72 
hours. For the differentiation of fungal isolates, Sabouraud 
dextrose agar was incubated at both 25°C and 37°C for 7 days 
and contained chloramphenicol. The disk diffusion method 
was used to determine the antibiotic resistance profile of all 

bacterial isolates using European Committee on Antimicrobial 
Susceptibility Testing guidelines. 

Statistical Analysis
Categorical variables were compared using chi-square or 

Fisher’s exact test as appropriate. Survival analyses on categorical 
variables were performed using the Kaplan-Meier method and 
significant differences between groups were identified using 
the log-rank test. P-values less than 0.05 were considered to be 
statistically significant. Statistical analyses were performed using 
SPSS (Statistical Package for Social Sciences; version 11.5). 

Results

The mean follow-up period after the surgery was 8.7 months 
(±9.5, range 2-60 months). The overall success rate was 80%; 
the success rate for primary DCR was 85.1% and for revision 
DCR was 53.9% (p=0.04). The mean time to reocclusion of the 
nasolacrimal passage was 4.4 months (±3, range 1 to 11 months). 
The mean time for the bicanalicular tube removal was 12.2 
weeks (±5.7 range: 6-32 weeks).

Microorganisms were isolated from 77 tubes (96.2%). 
There was no microbiological growth on 3 silicone tubes 
(3.8%). A total of 109 isolates were identified. Of these, 63 
were gram-positive bacteria (57.8%), 37 were gram-negative 
bacteria (34%), and the remaining 9 were fungi (8.2%) (Table 
1). Of all 80 tubes, 39 had single bacterial species growth 
(48.8%), 25 had two bacterial species growth (31.3%), and 
12 had three bacterial species growth (15%). There was no 
correlation between multiple growth and surgical failure 
(p=0.09). We grouped the tube removal times into three 
categories: up to 8 weeks after surgery (25 tubes, 31.3%), 
9 to 11 weeks after surgery (28 tubes, 35%), and 12 weeks 
or more after surgery (27 tubes, 33.7%). There was no 
significant difference between these three groups in terms of 
microbiological profile or surgical outcomes. However, later 
tube removal was associated with a higher number of bacterial 
strains isolated for each tube. Triple bacterial growth was more 
common in tubes that remained 12 weeks or more compared 
to the tubes removed before 12 weeks (p=0.04).

Among the gram-positive organisms, Staphylococcus 
aureus was the most common isolate (66.6%), followed by 
Corynebacterium species (22.2%). The most common antibiotic 
resistances for S. aureus and coagulase-negative staphylococci 
(CNS) were penicillin and erythromycin. The rate of methicillin 
resistance among all Staphylococcus spp. was 18.75%. The most 
common antibiotic resistances for Corynebacterium spp. were 
penicillin and clindamycin. In general, gram-positive bacteria 
were more sensitive to gentamicin and cefotaxime (Table 2). 

The most common gram-negative organisms were 
Enterobacter spp. (29.7%), Haemophilus influenzae (21.6%), 
and P. aeruginosa (18.9%). The most common antibiotic 
resistance was to ampicillin and cephalotin for Enterobacter 
spp., trimethoprim-sulfamethoxazole and cefuroxime for H. 
influenzae, and imipenem for P. aeruginosa. The rate of extended-
spectrum beta-lactamase resistance among Enterobacteriaceae 
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was 12.5%. As a whole, gram-negative bacteria were more 
sensitive to imipenem and aztreonam (Table 3). 

Yeasts (7.5%) were more commonly isolated than molds 
(5%). The most common fungi found in specimens were 
Fusarium species (44.4%), followed by Aspergillus niger (33.3%) 
and Candida albicans (22.2%). Molds were more commonly 
isolated in patients older than 65 years of age (p=0.03). 

Among all isolated agents, Enterobacter spp. growth showed 
a significant correlation with diabetes mellitus (p=0.03). 
However, there was no difference in surgical outcomes. Success 
rate and microbiologic profile were similar in the patients with 
and without history of dacryocystitis. There was no statistically 
significant difference in terms of microbiological isolates of 
bicanalicular silicone tubes between revision and primary cases.

We compared the surgical failure with the growth of each 
infectious agent and found that H. influenzae was isolated more 

in patients with surgical failure (p=0.04). Four of the 9 patients 
with H. influenzae isolated in culture had surgical failure 
(44.4%) (Table 4).

Discussion
The normal flora of the human conjunctiva is diverse 

and mostly consists of gram-positive bacteria. CNS is the 
most commonly isolated group of bacteria, detected in up to 
100% of positive conjunctival cultures taken from patients 
preoperatively, with Staphylococcus epidermis the predominant 
species. Other organisms commonly constituting the ocular flora 
are Propionibacterium, Corynebacterium spp., P. aeruginosa, 
and H. influenzae.14,15 The normal nasal flora also includes 
Corynebacterium, Streptococcus, Acinetobacter, Proteus, 
Mycoplasma spp. and Escherichia coli. From the nasopharynx, H. 
influenzae, Streptococcus pneumoniae, Streptococcus pyogenes, 

Table 1. Summary of microbiological growth in removed silicone tubes (n=80)

No 
growth,
n=3 (3.8%)

One bacterial sp., n=39 (48.8%)
Two 
bacterial 
spp., n=25 
(31.3%)

Three 
bacterial 
spp., n=12 
(15%)

Fungal growth,
n=9 (11.25%)

Gram-positive 
only,
n=29 (36.3%)

Gram-
negative 
only,
n=10 (12.5%)

Yeast,
n=6 
(7.5%)

Mold,
n=4 (5%)

Female 2 23
p=0.5

9
p=0.3

20
p=0.7

12
p=0.08

6
p=0.3

4
p=0.4Male 1 6 1 5 0 0 0

Age <65 years 3 22
p=0.4

7
p=0.7

16
p=0.4

9
p=0.7

6
p=0.1

1
p=0.03Age >65 years 0 7 3 9 3 0 3

Tube removal ≤8 weeks (n=25) 1 10

p=0.3

6

p=0.2

8

p=0.8

0

p=0.04

1

p=0.2

1

p=0.8Tube removal 9-11 weeks (n=28) 1 12 1 8 5 3 2

Tube removal >12 weeks (n=27) 1 7 3 9 7 2 1

Table 2. Antibiotic resistance of gram-positive isolates (n=63)

Staphylococcus 
aureus, n=42 
(66.6%)

Coagulase-negative 
staphylococci , 
n=11 (17.4%)

Streptococcus 
pneumoniae, n=9
(9.5%)

Corynebacterium spp. n=14 
(22.2%)

Penicillin 92.8% 81.8% 0 14.3%

Clindamycin 11.9% 5.4% 0 28.6%

Erythromycin 14.2% 72.7% 0 7.1%

Tetracycline 7.0% 45.4% 0 21.4%

Cephalothin 4.7% 45.4% 0 0

Amoxicillin-clavulanic acid 4.7% 45.4% 0 7.1%

Ceftriaxone 0 0 0 7.1%

Trimethoprim-sulfamethoxazole 0 9.0% 0 7.1%

Mupirocin 2.3% 9.0% 0 0

Rifampicin 4.7% 9.0% 0 7.1%

Ciprofloxacin 4.7% 36.3% 0 7.1%

Gentamicin 2.3% 0 0 7.1%

Fusidic acid 0 36.3% 0 0

Cefotaxime 0 9.0% 0 0

Susceptible to all antibiotics 7% 18.1% 100% 64.2%
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and Neisseria meningitides can be isolated. Among the 
fungal flora, Aspergillus, Cladosporium, Penicillium, and 
Alternaria genera has been isolated from the noses of healthy 
adults.16,17

Kim et al.13 identified the microbiologic profile of 
39 silicone tubes placed during DCR in the Korean 
population and determined that 94.9% of the tubes 
had microbiological growth. They isolated gram-positive 
bacteria from 73.1%, gram-negative bacteria from 23.1%, 
and fungi from 3.8% of the tubes. S. aureus was the most 
common gram-positive isolate (73.9%), P. aeruginosa was 
the most common gram-negative isolate (12.8%), and 
Aspergillus (5.4%) and Fusarium (5.4%) were the most 
common fungi.13 

Ali et al.12 analyzed 50 silicone tubes retrieved after DCR 
in the Indian population and microbiological growth was 
noted in 88% of all stents cultured. They reported that fungal 
isolates were cultured from significant number (60%) of 
stents and the most common fungi was Aspergillus (66.6%). 
Gram-negative bacteria (54.5%) were more common than 
gram-positive bacteria (45.5%). The most common strains 
among the gram-negative and gram-positive bacteria were P. 
aeruginosa (27%) and S. aureus (18%), respectively. Gram-
positive organisms were commonly sensitive to cephalosporins 
and vancomycin, whereas gram-negative organisms were 
sensitive to quinolones and aminoglycosides.12 

Nemati et al.18 included 72 eyes in a study conducted 
in the Iranian population and reported culture positivity in 
66.4% of the tubes. They identified gram-positive agents in 
62%, fungi in 48.6%, and gram-negative agents in 20% of 
the tubes. Staphylococcus epidermidis (36.4%), Aspergillus 
fumigatus (47.64%), and Enterobacter aerogenes (29.8%) 
were the most common bacterial and fungal species isolated 
from the tubes cultured. Of the antibiotics studied, the 
highest antibiotic resistance rates were to cefazolin and 
cloxacillin.18 

Goel et al.19 conducted a similar study in the Nepalese 
population and reported 100% positivity in cultures of 
24 silicone tubes. Of the total isolates, gram-positive 
bacteria were found in 66.6% and gram-negative bacteria 
in 33.3% of the tubes, while no fungi were isolated. The 
most common gram-positive isolate was S. aureus (50%) 
and the most common gram-negative isolate was E. coli 
(20.8%).19 

In our study, there was 96.2% culture positivity from 
80 bicanalicular silicone tubes. A total of 109 agents were 
isolated, of which 57.8% were gram-positive bacteria, 
34% were gram-negative bacteria, and 8.2% were fungi. 
S. aureus was the most common gram-positive organism 
(66.6%), Enterobacter spp. was the most common gram-
negative organism (29.7%), and Fusarium species were the 
most common fungi (44.4%) in the Turkish population. 
Among the gram-positive pathogens, resistance to penicillin, 
clindamycin, erythromycin, and tetracycline was more 
common. Among gram-negative pathogens, resistance to T
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cephalotin, amoxicillin-clavulanic acid, and ampicillin was 
more common. Generally, gram-positives were more sensitive 
to gentamicin and cefotaxime and gram-negatives were more 
sensitive to imipenem and aztreonam.

The high prevalence of fungal growth in the studies by Ali et 
al.12 and Nemati et al.18 might be related to a tropical and moist 
climate, as the climate is drier in Turkey than South India and 
the Iranian coast of the Caspian Sea. Increased Enterobacter spp. 
among our isolates may be linked to the low socioeconomic profile 
of the patients and poor hygiene habits. Similarly to our results, 
Nemati et al.18 and Goel et al.19 reported high rates of enteric 
floral growth among the gram-negative isolates obtained from 
silicone tubes. 

Charalampidou et al.20 compared surgical outcomes according 
to the timing of silicone tube removal. They removed 52.3% 
of the silicone tubes in 8-16 weeks, 13.3% before 8 weeks, 
and 34.4% after 16 weeks. They suggested that the timing of 
silicone tube removal after external DCR does not affect the 
long-term outcome of surgery. We grouped tube removal time 
into three categories: up to 8 weeks after surgery (31.3%), 9 
to 11 weeks after surgery (35%), and 12 weeks or more after 
surgery (33.7%). There was no significant difference in terms 
of the microbiological profile and success rate between the 
three groups. As a result, the timing of the tube removal may 
be determined according to patient characteristics or surgeon 
preference.

Cultures should include the distal part of the silicone tubes. 
Becker21 compared the results of cultures of the proximal and 
distal segments of silicone tubes after external DCR and found 
that the proximal tube segments were culture positive in 28% 
and the distal tube segments were culture positive in 89% of 
lacrimal systems. Nearly all (91%) of the proximal tube cultures 
were either negative or grew different organisms than the distal 
segment cultures.21

The organisms isolated were not associated with the 
success rate of DCR in the studies by Ali et al.12 and Goel 

et al.19 However, Kim et al.13 reported that surgical failure 
and revision surgeries were associated with Pseudomonas 
infection. In our study, H. influenzae growth was associated 
with surgical failure, although we were unable to determine 
the exact relationship between the surgical failure and 
H. influenzae growth. Likewise, Kim et al.13 could not 
explain the impact of P. aeruginosa growth on surgical 
failure. H. influenzae and P. aeruginosa are both biofilm-
producing pathogens and silicone tubes aggravate their 
adherence. H. influenzae and P. aeruginosa also produce 
immunoglobulin A protease, an important virulence factor, to 
eliminate tear film immune defense and increase colonization. 
Silicone tubes coated with antibiotic, antiseptic, nano-silver, 
or cationic polymers may reduce biofilm formation and 
bacterial adhesion.22 Histopathologic studies are essential for 
better understanding the mechanism by which these agents 
contribute to surgical failure. 

Conclusion

In conclusion, S. aureus and Enterobacter spp. were the most 
commonly isolated gram-positive and gram-negative bacteria, 
respectively. The timing of silicone tube removal did not affect 
surgical outcomes. Tubes removed at or after 12 weeks were 
more likely to culture three bacterial strain than tubes removed 
before 12 weeks. H. influenzae was associated with unfavorable 
surgical outcomes. Supportive investigations are needed to gain 
knowledge and a better understanding of the variables effecting 
surgical outcomes.

Ethics 
Ethics Committee Approval: Ankara University Faculty 

of Medicine Clinical Research Ethics Committee (source no: 
05-397-19).

Peer-review: Externally peer reviewed.

Authorship Contributions
Surgical and Medical Practices: B.M.H., Concept: G.Ö., 

B.M.H., Design: G.Ö., B.M.H., Analysis or Interpretation: G.Ö., 
Literature Search: G.Ö., B.M.H., D.G., Writing: G.Ö.

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

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

References
1.  Gibbs DC. New probe for the intubation of lacrimal canaliculi with silicone 

rubber tubing. Br J Ophthalmol. 1967;51:198. 
2.  Soll DB. Silicone intubation: an alternative to dacryocystorhinostomy. 

Ophthalmology. 1978;85:1259-1266. 
3.  Xie C, Zhang L, Liu Y, Ma H, Li S. Comparing the Success Rate of 

Dacryocystorhinostomy With and Without Silicone Intubation : A Trial 
Sequential Analysis of Randomized Control Trials. Sci Rep. 2017;7:1936.

4.  Feng YF, Cai JQ, Zhang JY, Han XH. A meta-analysis of primary 
dacryocystorhinostomy with and without silicone intubation. Can J 
Ophthalmol. 2011;46:521-527.

5.  Gu Z, Cao Z. Silicone intubation and endoscopic dacryocystorhinostomy: a 
meta-analysis. J Otolaryngol Head Neck Surg. 2010;39:710-713.

Table 4. Factors potentially associated with surgical outcome

Success, 
n=64
(80.0%)

Failure, 
n=16
(20.0%)

P values

Age (years), mean ± SD 53.2 (±3.4) 54.7 (±4.7) p=0.080

Primary DCR (n=67) 57 (85.1%) 10 (14.9%)
p=0.040

Revision DCR (n=13) 7 (53.9%) 6 (46.1%)

Acute dacryocystitis (n=8) 5 (62.5%) 3 (37.5%) p=0.200

Chronic dacryocystitis (n=12) 8 (66.4%) 4 (33.3%) p=0.197

Diabetes mellitus (n=15) 7 (66.4%) 5 (33.3%) p=0.601

Haemophilus influenzae 
isolation (n=9)

5 (55.6%) 4 (44.4%) p=0.004

Pseudomonas aeruginosa 
isolation (n=7)

4 (57.1%) 3 (42.9%) p=0.166

Fungi isolation (n=9) 3 (33.3%) p=0.261 p=0,261

SD: Standard deviation, DCR: Dacryocystorhinostomy



217

Özcan et al. Microbiological Profile of Bicanalicular Silicone Tubes

6.  Kim NJ, Kim JH, Hwang SW, Choung HK, Lee YJ, Khwarg SI. Lacrimal 
silicone intubation for anatomically successful but functionally failed external 
dacryocystorhinostomy. Korean J Ophthalmol. 2007;21:70-73. 

7.  Allen K, Berlin AJ. Dacryocystorhinostomy failure: association with 
nasolacrimal silicone intubation. Ophthal Surg. 1989;20:486-489.

8.  Choung HK, Khwarg SI. Selective non-intubation of a silicone tube in 
external dacryocystorhinostomy. Acta Ophthalmol Scand. 2007;85:329-332. 

9.  Buttanri IB, Serin D. Silicone Intubation Indications in External 
Dacryocystorhinostomy. Med Hypothesis Discov Innov Ophthalmol. 
2014;3:101-102.

10.  Nemet AY, Fung A, Martin PA, Benger R, Kourt G, Danks JJ, Tong JC. 
Lacrimal drainage obstruction and dacryocystorhinostomy in children. Eye 
(Lond). 2008;22:918-924.

11.  Anderson RL, Edwards JJ. Indications, complications and results with silicone 
stents. Ophthalmology. 1979;86:1474-1487. 

12.  Ali MJ, Manderwad G, Naik MN. The Microbiological Spectrum and 
Antibiotic Sensitivity Profile of Extubated Silicone Stents Following 
Dacryocystorhinostomy. Orbit. 2013;32:298-303. 

13.  Kim SE, Lee SJ, Lee SY, Yoon JS. Clinical Significance of Microbial Growth 
on the Surfaces of Silicone Tubes Removed From Dacryocystorhinostomy 
Patients. Am J Ophthalmol. 2012;153:253-257. 

14.  Graham JE, Moore JE, Jiru X, Moore JE, Goodall EA, Dooley JS, Hayes 
VE, Dartt DA, Downes CS, Moore TC. Ocular pathogen or commensal: a 

PCR-based study of surface bacterial flora in normal and dry eyes. Invest 
Ophthalmol Vis Sci. 2007;48:5616-5623.

15.  Suto C, Morinaga M, Yagi T, Tsuji C, Toshida H. Conjunctival sac bacterial 
flora isolated prior to cataract surgery. Infect Drug Resist. 2012;5:37-41. 

16.  Haug RH. Microorganisms of the nose and paranasal sinuses. Oral Maxillofac 
Surg Clin North Am. 2012;24:191-196. 

17.  Sellart-Altisent M, Torres-Rodríguez JM, Gómez de Ana S, Alvarado-Ramírez 
E. Nasal fungal microbiota in allergic and healthy subjects. Rev Iberoam 
Micol. 2007;24:125-130. 

18.  Nemati S, Mojtahedi ALI, Montazeri S, Pahlavan PA. Microbial etiology and 
antibacterial resistance patterns of dacryocystorhinostomy cases in the north of 
iran. Asian J Pharm Clin Res. 2018;11:407-411. 

19.  Goel R, Nagpal S, Kamal S, Kumar S, Mishra B, Loomba PS. Study 
of microbial growth on silicone tubes after transcanalicular laser-assisted 
dacryocystorhinostomy and correlation with patency. Nepal J Ophthalmol. 
2016;8:119-127.

20.  Charalampidou S, Tim F. Does the Timing of Silicone Tube Removal 
Following External Dacryocystorhinostomy Affect Patients Symptoms ? 
Orbit. 2009;28:115-119. 

21. Becker BB. Cultures of Proximal and Distal Segments of Silicone Tubes After 
Dacryocystorhinostomy. Ophthal Plast Reconstr Surg. 2019;35:42-44. 

22.  Francolini I, Vuotto C, Piozzi A, Donelli G. Antifouling and antimicrobial 
biomaterials: an overview. APMIS. 2017;125:392-417. 



218

©Copyright 2021 by Turkish Ophthalmological Association
Turkish Journal of Ophthalmology, published by Galenos Publishing House.

Evaluation of the Effects of Silicone Oil on the Macula 
with Optical Coherence Tomography in Patients with 

Rhegmatogenous Retinal Detachment

Ori gi nal Ar tic le 

 Duygu Er*,  Hakan Öner**,  Mahmut Kaya**,  Oya Dönmez***
*University of Health Sciences Turkey Dr. Abdurrahman Yurtaslan Ankara Oncology Training and Research Hospital, Ankara, Turkey
**Dokuz Eylül University Faculty of Medicine, Department of Ophthalmology, İzmir, Turkey
***Private Tınaztepe Galen Hospital, İzmir, Turkey

Address for Correspondence: Duygu Er, University of Health Sciences Turkey Dr. Abdurrahman Yurtaslan Ankara Oncology Training and Research Hospital, 
Ankara, Turkey 

E-mail: dr.duyguer@hotmail.com ORCID-ID: orcid.org/0000-0003-4114-2315 
Received: 06.06.2020 Accepted: 23.09.2020

Abstract
Objectives: The effects of silicone endotamponade duration on the macula were evaluated in patients with rhegmatogenous retinal 
detachment.
Materials and Methods: Sixty-five eyes of 65 cases with rhegmatogenous retinal detachment that underwent pars plana vitrectomy 
and silicone endotamponade were included in the study. All cases were classified in three groups according to duration of silicone 
tamponade: ≤3 months, 3-6 months, and ≥6 months. All cases were evaluated at 1 week, 1 month, and 3 months after silicone injection, 
just before and at 1 month after silicone removal in terms of intraretinal pathologies in the macula by using spectral-domain optical 
coherence tomography (SD-OCT).
Results: Sixteen (26.6%) of the patients were female and 49 (75.4%) were male. The mean age of the patients was 58.1±12.1 years 
(18-82); the mean follow-up time was 12.4±4 months (6-20). The mean duration of silicone tamponade was 6.7±2.3 months (2-12). 
In 26.6% of patients with ellipsoid zone/outer limiting membrane defect, a statistically significant improvement in reflectivity was 
detected after silicone oil removal (p=0.016). There was a significant increase in central foveal thickness after silicone removal in eyes 
with duration of silicone more than 3 months (p=0.003 for 3-6 months, p=0.006 for ≥6 months). The prevalence of cystoid macular 
edema before and after silicone removal was also significantly higher in the eyes with silicone duration of 6 months or longer (p<0.001).
Conclusion: In eyes with silicone endotamponade, structural changes in the macula may differ according to the duration of silicone 
oil in the eye.
Keywords: Macula, optical coherence tomography, pars plana vitrectomy, rhegmatogenous retinal detachment, silicone oil
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Introduction 

Silicone oil was first used in vitreoretinal surgery by Cibis 
in 1962 and has since become one of the preferred intraocular 
tamponade materials in the treatment of retinal detachment 
cases.1 Due to its high postoperative anatomical and functional 
success, it is often used in the surgical treatment of proliferative 
vitreoretinopathy (PVR), recurrent detachments, proliferative 
diabetic retinopathy, retinal detachment associated with giant 

retinal tears, and detachments complicated by ocular trauma.2 
However, complications such as silicone-induced cataract, 
glaucoma, corneal decompensation, and band keratopathy, 
as well as microstructural alterations due to mechanical or 
biochemical damage to the retina have been reported when used 
as a long-term intraocular tamponade.3,4,5 A study in rabbit eyes 
showed that silicone infiltrated the internal limiting membrane 
(ILM) tissue after 3 months and then passed the ILM and reached 
the inner retinal layers after 12-18 months.6

https://orcid.org/0000-0003-4114-2315
https://orcid.org/0000-0002-4531-958X
https://orcid.org/0000-0001-6255-3020
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In some cases, visual results are not very satisfactory despite 
anatomically successful treatment of the retinal detachment.7,8 
Postoperative low visual acuity may result from epiretinal 
membrane, cystoid macular edema (CME), retinal folds, and/or 
persistent foveal detachment.9,10,11

In order to reduce these complications, silicone should be 
removed from the eye as soon as stable retinal attachment is 
achieved. Silicone removal within 3-6 months postoperatively 
is generally recommended to minimize the potential side 
effects, but this period is still controversial. Although silicone 
removal causes relapse in 3.5-13.2% of cases, preventing silicone 
emulsification is still used as the main criterion instead of 
silicone-induced macular changes.12,13

Spectral domain optical coherence tomography (SD-OCT) 
provides high-resolution cross-sectional retinal images regardless 
of silicone. This enables microstructural changes in the retina to 
be monitored by SD-OCT even in the presence of silicone.14,15

In this prospective study, we aimed to evaluate intraretinal 
alterations in the macula with different periods of silicone 
duration using SD-OCT. 

Materials and Methods

This prospective study included patients who underwent 
surgical treatment for rhegmatogenous retinal detachment 
in the retina unit of Dokuz Eylul University, Department of 
Ophthalmology, had regular follow-up, and showed complete 
macular attachment. Ethics committee approval was obtained 
before the study and the potential risks and benefits of surgery 
were explained to all patients and informed consent forms were 
obtained in accordance with the principles of the Declaration of 
Helsinki. 

Patients with age-related macular degeneration, vitreomacular 
traction, retinal vein occlusion, diabetic retinopathy, retinal 
dystrophy, uveitis, glaucoma, corneal opacity, and posterior 
capsule opacification and those who developed recurrent 
detachment after silicone removal were not included in the 
study. In addition, patients with disrupted ellipsoid zone and/
or external limiting membrane (EZ/ELM) reflectivity, CME, or 
subfoveal fluid (SFF) at postoperative 1 week examination were 
also excluded from the study.

The patients’ age, sex, best corrected visual acuity (BCVA), 
intraocular pressure, and anterior segment findings were recorded 
preoperatively. All operations were performed by the same 
physician (H.Ö.). In all cases, a 3-port 23- or 25-gauge pars plana 
vitrectomy was performed. The detached retina was flattened 
using perfluorocarbon fluid (perfluorodecalin) and endolaser 
photocoagulation was performed around the tears and in 360 
degrees to the retina. After air-fluid exchange, 1300 cSt silicone 
oil (Oxane®, Bausch & Lomb, Inc.) was used in patients with 
PVR stage B and C. During silicone removal, the silicone oil was 
actively removed by 23 or 25-gauge transconjunctival vitrectomy. 
Retinal reattachment was observed in all patients in follow-up.

The patients were divided into three groups according to the 
duration of intraocular silicone endotamponade: 3 months or less, 

3-6 months, and 6 months or more. These groups were evaluated 
for microstructural alterations in the macula using SD-OCT 
(Heidelberg HRA-OCT Spectralis®, Heidelberg Engineering 
GmbH, Heidelberg, Germany). SD-OCT examinations were 
mainly focused on EZ/ELM damage (photoreceptor layer effects), 
central macular thickness (CMT), and the presence of CME and 
SFS. EZ/ELM damage was defined as disrupted integrity of the 
reflective lines over the retinal pigment epithelium (RPE) in 
the 2.0 mm diameter area corresponding to the central fovea. 
CME was defined as the presence of intraretinal cystoid fluid 
accumulations and intraretinal hyporeflective areas separated by 
hyperreflective septa. The presence of a dome-shaped subretinal 
hyporeflective space centered on the fovea was evaluated as SFF. 
In patients with SFF, CMT was measured manually in the SFS 
region by calculating the retinal thickness remaining over the 
fluid.

BCVA, intraocular pressure, fundus examination, and 
SD-OCT measurements were performed routinely at 1 week, 1 
month, and 3 months after detachment surgery, before silicone 
removal, and at 1 month after silicone removal. Images were 
obtained from a 20x20 degree (6x6 mm) scan area consisting 
of 49 sections using horizontal scan patterns. OCT findings at 
1 week after silicone injection were compared with later OCT 
findings.

Statistical Analysis
The data were analyzed using SPSS 15.0 software (SPSS 

Inc, Chicago, IL, USA). Descriptive analysis was performed 
using mean, standard deviation, and percentage values. The 
Kolmogorov-Smirnov test was used to evaluate whether the 
data showed normal distribution. Measurements were compared 
between eyes with parametric t-test or nonparametric Mann-
Whitney U test. OCT findings and CMT in the silicone duration 
groups were compared using Kruskal-Wallis test. Statistical 
significance was accepted as p<0.05.

Results

The study included 65 eyes of 65 patients who underwent 
anatomically successful surgical treatment of rhegmatogenous 
retinal detachment. Of the patients, 16 (26.6%) were women and 
49 (75.4%) were men. The patients’ mean age was 58.1±12.1 
years (range, 18-82). The mean follow-up period was 12.4±4 
months (range, 6-20). All patients had a posterior chamber 
intraocular lens before pars plana vitrectomy. Surgical treatment 
consisted of 3-port, 23 or 25-gauge pars plana vitrectomy, and 
silicone tamponade in all cases. The mean duration of intraocular 
silicone was 6.7±2.3 months (range, 2-12).

There were 12 eyes in the group with ≤3 months silicone 
duration, 31 eyes in the 3-6 months group, and 22 eyes in the 
≥6 months group. Intraretinal SD-OCT findings according to 
intraocular silicone duration are shown in Tables 1, 2, and 3.

The results of the statistical analysis comparing CMT values 
measured after vitrectomy and silicone removal are shown in 
Table 4. Eyes with silicone duration longer than 3 months 
showed a statistically significant increase in CMT between 
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values measured after silicone injection and after silicone removal 
(p<0.05), while this increase was not significant in the group 
with silicone duration of 3 months or less (p>0.05).

When SD-OCT findings were compared according to 
intraocular silicone duration, no difference was observed between 
the groups in terms of EZ/ELM changes or SFS, whereas the 
development of CME was significantly more frequent in the 
group with silicone duration of 6 months or more than in the 
other two groups (p<0.001). Of all eyes that developed CME, 
21.5% showed an increase in CME after silicone removal, but 
this increase was not significant (p>0.05).

Comparison of SD-OCT findings immediately before and 
after silicone intake in all eyes regardless of intraocular silicone 
duration revealed significant differences in EZ/ELM continuity 
and SFF (p=0.016 and p<0.001, respectively). Restored 
reflectivity was observed in 26.6% of patients with EZ/ELM 
defects after silicone removal, which was determined to be 
statistically significant (p=0.016). Statistically significant SFS 
resolution was observed after silicone removal in all patients 
(100%) with SFS (p<0.001) (Figures 1, 2, 3).

Discussion
Depending on how long the silicone oil used to ensure 

anatomical success of retinal detachment surgery remains in the 
eye, there may be additional complications such as cataracts, 
glaucoma, and keratopathy, as well as microstructural damage to 
the retina due to mechanical stress or biochemical toxicity, and 
these changes can now be easily detected with SD-OCT.6,7

The duration of silicone oil in the eye can range from 2 to 13 
months.16,17,18,19,20,21,22 In many studies, it has been stated that the 
ideal timing of silicone removal is between 3 and 6 months, and 

silicone emulsifies after 6 months.23 In contrast, Jiang and Li23 
stated that silicone removal should be performed at 2-3 months. 
Despite the lack of consensus on the timing of silicone removal, 
it has been established that it should be done when the retina is 
anatomically attached and stable.15 Bae et al.24 reported that the 
silicone removal time should be decided by clinicians based on 
a benefit-risk analysis. In our study, the mean silicone duration 
was 6.7±2.3 months (range, 2-12). Of the 65 patients, silicone 
remained in the eye for less than 6 months in 43 eyes (66.1%) 
and 6 months or longer in 22 eyes (33.8%). 

Caramoy et al.25 determined that silicone primarily caused 
thinning of the retinal ganglion cell layer and inner plexiform 
layer. This retinal thinning was assumed to be a result of 
mechanical pressure from the silicone on the retina. Therefore, 
SD-OCT studies have shown that timely silicone removal may 
result in resolution of microstructural changes in the retina, 
restoration of the photoreceptor layer and ELM, and improved 
vision.24,25 Bae et al.24 observed recovery of ELM reflectivity in 
12.5% of patients after silicone removal and emphasized the 
importance of early silicone removal to prevent macular changes. 

In our study, we evaluated EZ and ELM changes together 
as a better indicator of photoreceptor integrity, and SD-OCT 
confirmed that the EZ/ELM was intact at postoperative week 1 
in all eyes included in the study. When EZ/ELM reflectivity was 
evaluated in correlation with silicone duration, of the 12 eyes 
with silicone duration ≤3 months, defects were observed in 1 eye 
(8.3%) at 1 month after silicone injection and in 3 eyes (25%) at 
3 months or before silicone removal. The prevalence of defects in 
this group increased to 50% (6 eyes) after silicone removal. This 
increase may be due to persistent deterioration of the affected 
photoreceptors despite early silicone removal. In some studies, 

Table 1. Optical coherence tomography (OCT) findings of patients with silicone duration ≤3 months

OCT finding Postop 1 week Postop 1 month Postop 3 months Before silicone removal 1 month after silicone intake

EZ/ELM defect 0 1 (8.3%) 3 (25%) 3 (25%) 6 (50%)

CME 0 4 (33.3%) 4 (33.3%) 4 (33.3%) 2 (16.7%)

SFF 0 1 (8.3%) 1 (8.3%) 1 (8.3%) 0

EZ/ELM: Ellipsoid zone ± external limiting membrane, CME: Cystoid macular edema, SFF: Subfoveal fluid, Postop: Postoperative

Table 2. Optical coherence tomography (OCT) findings of patients with silicone duration of 3-6 months 

OCT finding Postop 1 week Postop 1 month Postop 3 months Before silicone removal 1 month after silicone intake

EZ/ELM defect 0 8 (25.8%) 9 (29%) 10 (32.3%) 3 (9.7%)

CME 0 3 (9.7%) 4 (12.9%) 4 (12.9%) 13 (41.9%)

SFF 0 4 (12.9%) 4 (12.9%) 4 (12.9%) 0

EZ/ELM: Ellipsoid zone ± external limiting membrane, CME: Cystoid macular edema, SFF: Subfoveal fluid, Postop: Postoperative

Table 3. Optical coherence tomography (OCT) findings of patients with silicone duration ≥6 months

OCT finding Postop 1 week Postop 1 month Postop 3 months Before silicone removal 1 month after silicone intake

EZ/ELM defect 0 2 (9.1%) 1 (4.5%) 2 (9.1%) 2 (9.1%)

CME 0 6 (27.3%) 10 (45.5%) 11 (50.0%) 13 (59.1%)

SFF 0 1 (4.5%) 1 (4.5%) 1 (4.5%) 0

EZ/ELM: Ellipsoid zone ± external limiting membrane, CME: Cystoid macular edema, SFF: Subfoveal fluid, Postop: Postoperative
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it has been reported that the inflammatory response to silicone 
in the retina develops approximately 1 month after silicone 
injection and continues after silicone removal.24,26

In addition, silicone oil triggers the mitogenic effect in RPE 
cells.27 Although silicone has been shown in the literature to be 
toxic to cultured RPE cells, no significant structural changes on 
OCT have been reported in the RPE after silicone injection.28 
We believe that there may be regeneration of the EZ/ELM layers 
over time, especially in eyes with intact RPE. However, we think 
that even if the RPE layer is intact, this regeneration process may 
start at the earliest 4 months after silicone administration, and 
degeneration may continue even if the silicone is removed during 
this period. In fact, unlike the eyes in which the silicone was 
removed earlier, we observed that the EZ/ELM defect improved 
significantly or did not worsen at 1 month after silicone removal 
when performed later than 3 months. Bae et al.24 reported 
resolution of the EZ defect in 4.9% of eyes at 6-month follow-
up, while Eibenberger et al.29 reported this restoration in 33% of 
eyes at 3-year follow-up.

The influence of silicone on CME is not yet fully understood. 
However, CME is thought to occur secondary to an increase in 
vascular permeability due to the accumulation of inflammatory 
factors between the silicone and retina.23,30,31,32 In the literature, 
CME has been detected at different rates in eyes with silicone. 
Bae et al.24 reported that CME occurred in 19.6% of eyes that 

Figure 1. Optical coherence tomography sections of an eye with silicone duration of 5 months. a) Appearance of the macula 1 week after silicone injection. b) Immediately 
before silicone removal, irregularities in the ellipsoid zone and disruption of the external limiting membrane structure are observed

Figure 2. Optical coherence tomography sections of an eye with silicone duration of 4 months. a) Subretinal fluid is observed at 3 months. b) The subretinal fluid had 
spontaneously resolved by 1 month after silicone removal

Table 4. Comparison of central macular thickness values 
after silicone injection and removal

CMT (µm)

Silicone 
duration ≤3 
months

Silicone 
duration 3-6 
months

Silicone 
duration ≥6 
months

Postop 1 week
p

258
0.220

229
<0.001

227
<0.001

Postop 1 month
p

272
0.110

244
<0.001

256
0.001

Postop 3 months
p

262
0.071

275
0.007

286
0.006

Before silicone removal 
p

280
0.084

276
0.003

315
0.006

1 month after silicone 
removal

286 334 366

Postop: Postoperative, CMT: Central macular thickness
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received silicone and resolved in all eyes after silicone removal. 
Bonnet33 determined the prevalence of CME to be 51%. In 
contrast, Kiss et al.32 observed CME in 17.1% of eyes that 
received silicone and reported that this rate increased to 47% 
after silicone removal. On the other hand, Eibenberger et al.29 
reported microcystic changes in the inner nuclear layer in 21% 
of eyes after silicone removal. In another study, it was stated 
that growth factors accumulating under the silicone diffuse 
into the vitreous cavity after silicone removal, thereby leading 
to CME resolution due to the decrease in the inflammatory 
response causing edema.24 In our study, 44.6% of the eyes had 
CME after silicone injection, while this rate was 43.0% after 
silicone removal. When all eyes were examined together, CME 
was detected in 18 eyes (27.6%) immediately before silicone 
removal. CME occurred significantly more frequently in the 
group with silicone duration of 6 months or longer compared to 
the other two groups (p<0.001). After silicone removal, CME 
resolved in eyes with silicone duration of 3 months or less but 
increased in eyes with silicone duration longer than 3 months. 
Silicone duration longer than 6 months may increase its toxic 
effect and more CME due to the increased inflammatory 
response. CME may also continue after silicone removal due 
to the toxic retinal effects associated with prolonged silicone 
duration. 

There are studies indicating that silicone causes some 
thinning of the inner retinal layers due to mechanical pressure on 
the retina, high intraocular pressure, or retinal dehydration.34,35 

It has also been reported in the literature that potassium released 
from Müller cells causes neuronal degeneration due to its inability 
to pass into the silicone, and for this reason retinal thinning can 
be observed in the presence of silicone endotamponade.17 These 
series are supported by our findings that CMT measured after 
silicone removal increased significantly in the longer duration 
groups but not in eyes with silicone duration of less than 3 
months.

Another phenomenon seen after surgery in vitrectomized 
eyes that receive silicone is the accumulation of SFF. It is reported 
to occur at rates of 0-40% after vitrectomy surgery.31,32,33,34,35,36 
Veckeneer et al.37 reported that eyes with prolonged detachment 
were at risk of developing more intense SFF. However, in our 
study, no SFF was detected in SD-OCT measurements taken 
immediately after surgery but developed later in 9.2% of 
the eyes. Therefore, we think that this SFF may be a reactive 
exudation to silicone or that silicone may have an effect on the 
pump function of the RPE, which spontaneously resolved in all 
cases after silicone removal.

Conclusion

In conclusion, eyes with rhegmatogenous retinal 
detachment and silicone endotamponade show silicone-
induced macular changes, and these structural disruptions 
can vary depending on the duration of silicone oil in the eye. 
We believe silicone removal before 3 months is appropriate to 

Figure 3. Optical coherence tomography sections of an eye with silicone duration of 7 months. a) Appearance of the macula at 1 week after silicone injection. b) Ellipsoid 
zone and external limiting membrane reflectivity are within normal limits 1 month after silicone removal. c) Disruption of ellipsoid zone and external limiting membrane 
reflectivity is observed immediately before silicone removal. d) Cystoid macular edema is observed 1 month after silicone removal
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minimize these structural changes in the retina. Moreover, we 
believe that the toxic effects on the retina may continue even 
after silicone removal and can be better demonstrated in new 
studies with larger patient groups.

Ethics 
Ethics Committee Approval: Dokuz Eylul University 

Faculty of Medicine Non-invasive Research Ethics Committee 
no: 791-GOA.

Informed Consent: Obtained. 
Peer-review: Externally peer reviewed.

Authorship Contributions
Surgical and Medical Practices: H.Ö., Concept: D.E., Design: 

D.E., Data Collection or Processing: D.E., O.D., Analysis 
or Interpretation: D.E., M.K., Literature Search: D.E., OD., 
Writing: D.E.

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

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

References
1. Cibis PA, Becker B, Okun E, Canaan S. The use of liquid silicone in retinal 

detachment surgery. Arch Ophthalmol. 1962;68:590-599.
2. Sima P, Zoran T. Long term results of vitreus surgery for proliferative diabetic 

retinopathy. Doc Ophthalmol. 1994;87:223-232.
3. No authors listed. The silicone study group. Vitrectomy with silicone oil or 

sulfur hexafluoride gas in eyes with severe proliferative vitreoretinopathy; 
results of a randomized clinical trial. Silicone study report 1. Arch Ophtalmol. 
1992;110:770-779.

4. No authors listed. The silicone study group. Vitrectomy with silicone oil or 
sulfur hexafluoride gas in eyes with severe proliferative vitreoretinopathy; 
results of a randomized clinical trial. Silicone study report 2. Arch Ophtalmol. 
1992;110:780-792.

5. Ünsal E, Karini B, Çubuk MÖ, Eltutar K. Silikon Yağı Tamponadı 
Kullanılmış Yırtıklı Retina Dekolmanı Olgularında Cerrahi Sonuçlarımız ve 
İlişkili Faktörler. Ret-Vit. 2018;27:109-116.

6. Suzuki M, Okada T, Takeuchi S, Ishii Y, Yamashita H, Hori S. Effect of 
silicone oil on ocular tissues. Jpn J Ophthalmol. 1991;35:282-291.

7. Avcı R, Şahin S, Yücel AA, Gelişken Ö. Kronik Oküler Hipotonide Cerrahi 
Tedavi Yaklaşımları. Ret-Vit.1996;2:562-527. http://retinavitreus.com/
abstract.php?lang=tr&id=535

8. Guzel H, Özkan Ş, Şener B. Kliniğimizde son üç yıl içinde yapılan retina 
dekolmanı ameliyatı sonuçları. Turk J Ophthalmol. 1986;16:146-152.

9. Cleary PE, Leaver PK. Macular abnormalities in the reattached retina. Br J 
Ophthalmol. 1978;62:595-603. 

10. Tani P, Robertson DM, Langworthy A. Prognosis for central vision and 
anatomic reattachment in rhegmatogenous retinal detachment with macula 
detached. Am J Ophthalmol. 1981;92:611-620.

11. Çetin EN, Scanlon C, Saxena S, Akduman L. The Visual Outcome and the 
Related Factors in Macula off Rhegmatogenous Retinal Detachment. Ret-Vit. 
2013;21:183-188.

12. Oster SF, Mojana F, Bartsch DU, Goldbaum M, Freeman WR. Dynamics of 
the macular hole silicone oil tamponade interface with patient positioning 
as imaged by spectral domain optical coherence tomography. Retina. 
2010;30:924-929.

13. Göbel W, Guthoff R. Morphology of macular holes after pars plana vitrectomy 
with silicone oil endotamponade: a pilot study with high resolution Fourier 
domain OCT. (Cirrus OCT) Ophtalmologe. 2010;107:452-459.

14. Choudhary MM, Saeed MU, Ali A. Removal of silicone oil: prognostic factors 
and incidence of retinal redetachment. Retina. 2012;32:2034-2038.

15. Teke MY, Balikoglu-Yilmaz M, Yuksekkaya P, Citirik M, Elgin U, Kose T, 
Ozturk F. Surgical outcomes and incidence of retinal redetachment in cases 
with complicated retinal detachment after silicone oil removal: univariate and 
multiple risk factors analysis. Retina. 2014;34:1926-1938.

16. Bozan E, Özdek Ş, Gürelik G, Konuk O, Hasanreisoğlu B. İntravitreal Silikon 
Alınması Sonrası Nüks Retina Dekolmanı. Turkiye Klinikleri J Ophthalmol. 
2004;13:13-17.

17. Smith AJ, Telander DG, Zawadzki RJ, Choi SS, Morse LS, Werner JS, 
Park SS. High-resolution Fourier-domain optical coherence tomography 
and microperimetric findings after macula-off retinal detachment repair. 
Ophthalmology. 2008;115:1923-1929.

18. Wakabayashi T, Oshima Y, Fujimoto H, Murakami Y, Sakaguchi H, Kusaka 
S, Tano Y. Foveal microstructure and visual acuity after retinal detachment 
repair: imaging analysis by Fourier-domain optical coherence tomography. 
Ophthalmology. 2009;116:519-528.

19. Hutton WL, Azen SP, Blumenkranz MS, Lai MY, McCuen BW, Han DP, 
Flynn Jr HW, Ramsay RC, Ryan SJ. The effects of silicone oil removal. Silicone 
Study Report 6. Arch Ophthalmol. 1994;112:778-785.

20. Jonas JB, Budde WM, Knorr HL. Timing of retinal detachment after removal 
of intraocular silicone oil tamponade. Am J Ophthalmol. 1999;128:628-631.

21. Bassat IB, Desatnik H, Alhalel A, Treister G, Moisseiev J. Reduced rate of 
retinal detachment following silicone oil removal. Retina. 2000;20:597-
603.

22. Laidlaw DA, Karia N, Bunce C, Aylward GW, Gregor ZJ. Is prophylactic 
360-degree laser retinopexy protective? Risk factors for retinal redetachment 
after removal of silicone oil. Ophthalmology. 2002;109:153-158.

23. Jiang Y, Li X. The best timing of silicone oil removal. Zhonghua Yan Ke Za 
Zhi.1997;33:39-41.

24. Bae SH, Hwang JS, Gon Yu H. Comparative analysis of macular microstructure 
by spectral domain optical coherence tomography before and after silicone oil 
removal. Retina. 2012;32:1874-1883. 

25. Caramoy A, Droege K, Kirchhof B, Fauser S. Retinal layers measurements 
in healthy eyes and in eyes receiving silicone oil-based endotamponade. Acta 
Ophthal. 2014;92:292-97.

26. Wolf S, Schön V, Meier P, Wiedemann P. Silicone oil-RMN3 mixture (“heavy 
silicone oil”) as internal tamponade for complicated retinal detachment. 
Retina. 2003;23:335-342.

27. Asaria RH, Kon CH, Bunce C, Sethi CS, Limb GA, Khaw PT, Aylward GW, 
Charteris DG. Silicone oil concentrates fibrogenic growth factors in the retro-
oil fluid. Br J Ophthalmol. 2004;88:1439-1442.

28. Inoue M, Iriyama A, Kadonosono K, Tamaki Y, Yanagi Y. Effects of 
perfluorocarbon liquids and silicone oil on human retinal pigment epithelial 
cells and retinal ganglion cells. Retina. 2009;29:677-681.

29. Eibenberger K, Sacu S, Rezar-Dreindl S, Schmidt-Erfurth U, Georgopoulos 
M. Silicone Oil Tamponade in Rhegmatogenous Retinal Detachment: 
Functional and Morphological Results. Curr Eye Res. 2020;45:38-45.

30. Purtskhvanidze K, Hillenkamp J, Tode J, Junge O, Hedderich J, Roider J, 
Treumer F. Thinning of inner retinal layers after vitrectomy with silicone 
oil versus gas endotamponade in eyes with macula-off retinal detachment. 
Ophthalmologica. 2017;238:124-132. 

31. Lee SH, Han JW, Byeon SH, Kim SS, Koh HJ, Lee SC, Kim M. Retinal 
layer segmentation after silicone oil or gas tamponade for macula-on retinal 
detachment using optical coherence tomography. Retina. 2018;38:310-
319.

32. Kiss CG, Richter-Müksch S, Sacu S, Benesch T, Velikay-Parel M. Anatomy 
and function of the macula after surgery for retinal detachment complicated 
by proliferative vitreoretinopathy. Am J Ophthalmol. 2007;144:872-877.

33. Bonnet M. Macular changes and fluorescein angiographic findings after repair 
of proliferative vitreoretinopathy. Retina. 1994;14:404-410.

34. Benson SE, Schlottmann PG, Bunce C, Xing W, Charteris DG. Optical 
coherence tomography analysis of the macula after vitrectomy surgery for 
retinal detachment. Ophthalmology. 2006;113:1179-1183.

35. Shimoda Y, Sano M, Hashimoto H, Yokota Y, Kishi S. Restoration of 
photoreceptor outer segment after vitrectomy for retinal detachment. Am J 
Ophthalmol. 2010;149:284-290.



Turk J Ophthalmol 51; 4: 2021

224

36. Theodossiadis PG, Georgalas IG, Emfietzoglou J, Kyriaki TE, Pantelia E, 
Gogas PS, Moschos MN, Theodossiadis GP. Optical coherence tomography 
findings in the macula after treatment of rhegmatogenous retinal detachments 
with spared macula preoperatively. Retina. 2003;23:69-75.

37. Veckeneer M, Derycke L, Lindstedt EW, Meurs JV, Cornelissen M, Bracke M, 
Aken EV. Persistent subretinal fluid after surgery for rhegmatogenous retinal 
detachment: hypothesis and review. Graefes Arch Clin Exp Ophthalmol. 
2012;250:795-802.



225

©Copyright 2021 by Turkish Ophthalmological Association
Turkish Journal of Ophthalmology, published by Galenos Publishing House.

Immediate Sequential Bilateral Vitrectomy Surgery 
for Retinopathy of Prematurity: A Single Surgeon 

Experience

Ori gi nal Ar tic le 

 Şengül Özdek*,  Mehmet Cüneyt Özmen*,  Duygu Yalınbaş**,  Hatice Tuba Atalay*, 
 Demet Coşkun***

*Gazi University Faculty of Medicine, Department of Ophthalmology, Ankara, Turkey
**Cumhuriyet University Faculty of Medicine, Department of Ophthalmology, Sivas, Turkey
***Gazi University Faculty of Medicine, Department of Anesthesiology and Reanimation, Ankara, Turkey

Address for Correspondence: Şengül Özdek, Gazi University Faculty of Medicine, Department of Ophthalmology, Ankara, Turkey 
Phone: +90 530 966 21 42 E-mail: sozdek@gazi.edu.tr ORCID-ID: orcid.org/0000-0002-7494-4106 

Received: 14.05.2020 Accepted: 06.09.2020

Abstract
Objectives: We report the safety and efficacy of simultaneous bilateral vitrectomy for stage 4 and stage 5 retinopathy of prematurity 
(ROP).
Materials and Methods: Babies who had immediate sequential bilateral vitrectomy surgery for stage 4 or stage 5 ROP were included 
in this retrospective study. Clinical history, demographic characteristics of the patients, surgical procedure details, perioperative and 
postoperative ophthalmic and systemic complications, and postoperative anatomical success rates were evaluated. General anesthesia 
features were also recorded.
Results: Seventy eyes of 35 babies who had immediate sequential bilateral vitrectomy surgery for stage 4 or stage 5 ROP were reviewed. 
At the time of surgery, the mean age was 41.4±4.9 weeks. There was preoperative plus disease in 58.6% of the eyes. The mean surgery/
eye ratio was 1.2. Mean anesthesia time was 95±64 minutes. The mean follow-up was 28.1 months (3 to 84 months). Anatomical success 
was 95.7% for stage 4A (44/46 eyes), 83.3% for stage 4B (15/18 eyes), and 50% for stage 5 (3/6 eyes) ROP. Patients with stage 5 ROP 
had significantly less anatomical success than stage 4A and 4B (p=0.004). None of the patients had endophthalmitis and anesthesia-
related severe complications.
Conclusion: Immediate sequential bilateral vitrectomy surgery can be considered an option for patients with active bilateral stage 
4 and stage 5 ROP. The risk of endophthalmitis should be weighed against the risks of disease progression and anesthesia-related 
complications.
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Introduction

The incidence of retinopathy of prematurity (ROP) is 
increasing with advances in neonatal care.1 Even with careful 
screening and treatment, ROP still progresses to stage 4 or 5 and 
needs surgery in 12% of eyes.2 Treatment for stage 4 and stage 5 
ROP includes scleral buckling and vitrectomy with or without 
lensectomy.3,4,5,6,7 Lens-sparing vitrectomy (LSV) in stage 4 and 
5 ROP offers the greatest hope for visual rehabilitation of the 

phakic eye, but the decision to proceed with surgery must be 
weighed against the risks of iatrogenic retinal breaks and surgical 
aphakia, complications that have more significant consequences 
for infants than for adults.8,9

The timing of surgery for ROP should be planned carefully. 
Early intervention when the eye is highly vascularized can have 
as devastating results as waiting too long for the eye to become 
quiet.10,11,12,13,14 The ideal timing for vitrectomy is when vascular 
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activity is reducing and retinal detachment is beginning.11 
When both eyes show similar findings and need immediate 
surgery, waiting for days or weeks between eyes might lead 
to blindness in the latter eye in high-risk ROP cases.11,15,16 
Furthermore, general anesthesia-related complications increase 
in preterm babies when anesthesia is repeated after a short 
interval. Both of these factors encourage performing bilateral 
surgery in the same session (i.e., immediate sequential bilateral 
vitrectomy surgery).11,13,16,17,18,19,20,21,22

Here, we present our experience with immediate sequential 
bilateral vitrectomy surgery (ISBVS) for stage 4 and 5 ROP 
cases.

Materials and Methods

Patient Selection
This study is a retrospective cohort study conducted in 

the Ophthalmology Department of Gazi University Medical 
School in Ankara, Turkey. Institutional Review Board approval 
was obtained. The study complied with the Health Insurance 
Portability and Accountability Act of 1996 and adhered to the 
tenets of the Declaration of Helsinki. 

Charts from September 2010 to October 2019 were 
reviewed. Patients who underwent surgery for ROP and had 
surgery on both eyes on the same day were identified. The 
detailed risks of simultaneous surgery, such as the risk of bilateral 
endophthalmitis, were explained to the parents of babies who 
underwent simultaneous bilateral surgery and their informed 
consent was obtained. All of the patients presented with stage 4 
or stage 5 ROP. 

Surgical Procedures
All surgeries were performed by the same surgeon (S.O.). 

None of the patients received anti-VEGF or laser treatment 
to prepare for surgery in the preoperative period due to 
an increased risk of retinal traction. Before each surgery, a 
fundus examination was done with a binocular indirect 
ophthalmoscope to determine the sclerotomy sites. All 
sclerotomies were performed 1.5 mm from the limbus, after 
conjunctival peritomy, and all were sutured at the end of the 
surgery. Superior sclerotomies were 23 gauge (G), with or 
without (valved) cannulas, and the inferotemporal sclerotomy 
was made with a 23G 4-mm sutured infusion cannula. 
Following central core vitrectomy, detachment of the posterior 
hyaloid in the posterior pole was attempted with the help of 
diluted triamcinolone. If the posterior hyaloid did not detach 
easily, the vitreous was only trimmed for a more complete 
vitrectomy, leaving the posterior hyaloid attached. Even if the 
posterior hyaloid could be detached easily from the posterior 
pole, detachment beyond the arcuate was not attempted, and 
peripheral detachment was avoided to decrease the risk of 
retinal break and hemorrhage. LSV was intended for each case 
when possible; however, the lens was sacrificed when there 
was extensive anterior traction extending up to the posterior 
lens capsule or tractions extending to the far periphery. 
Fibrovascular membranes that caused retinal tractions were 

removed or trimmed as much as possible to relieve the retina. 
Endolaser was applied to the peripheral avascular retina 
intraoperatively as needed. At the end of the surgery, air or gas 
was used as a tamponade at the surgeon’s discretion. At the 
end of each surgery, a subconjunctival antibiotic and steroid 
mixture was injected. Then the surgical team re-scrubbed, 
a new set of surgical instruments were used, and the fellow 
eye was prepared as a new patient.12,14 All of the babies were 
examined on postoperative day 1, at week 2, month 1, 3, and 
6, and every 6 months thereafter.

General Anesthesia
General anesthesia was induced with sevorane, combined 

with O2 and air, and analgesia was achieved with remifentanil 
infusion during the operation in all patients. Laryngeal mask or 
endotracheal intubation was selected according to the anesthesia 
teams’ experience. Postoperatively, the patients were transferred 
to the neonatal ward or neonatal intensive care unit (NICU), 
with incubators with 2 l/min O2.

Chart Reviews
From the patient charts, gestational age, birth weight, 

sex, stage of ROP and presence of plus disease at the time 
of surgery, previous treatments, age at the time of surgery, 
intraoperative procedures, complications (vitreous hemorrhages 
necessitating secondary surgery, iatrogenic break, lensectomy 
need, and glaucoma), postoperative results including anatomical 
outcome and visual acuity results (Lea, tumbling E, and 
ETDRS charts were used according to patient cooperation), 
and follow-up time were collected. Additionally, regarding 
general anesthesia, duration of anesthesia, induction technique, 
airway management (endotracheal intubation or laryngeal mask), 
analgesia modalities, perioperative adverse events, and need for 
postoperative monitoring or ventilation in a post-anesthesia care 
unit and/or NICU were recorded.

Outcomes
Anatomical success was defined as complete retinal 

reattachment with undistorted or minimally distorted macula 
for stage 4A, complete retinal attachment or partial residual 
peripheral retinal detachment not involving the macular region 
for stage 4B, and attachment of any part of posterior pole for 
stage 5.

Statistical Analysis
Statistical analysis was performed with SPSS version 20.0 

software (IBM Corp, Armonk, NY, USA). Continuous data were 
expressed as mean ± standard deviation and qualitative data 
were expressed as frequency and percent. The distribution of the 
data was analyzed using Shapiro-Wilk test. Differences between 
groups were analyzed with Mann-Whitney U (for two groups 
with continuous variables) and the Kruskal-Wallis test with 
Conover test as post-hoc analysis (for more than two groups with 
continuous variables). For categorical data, the Pearson χ2 test 
was used with Bonferroni correction. A p value less than 0.05 
was considered statistically significant. 
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Results

Patients
Seventy eyes of 35 patients who underwent surgery on 

both eyes simultaneously were included in the study. Mean 
gestational age at birth was 28.6±2.9 weeks (range: 23 to 35 
weeks), mean birth weight was 1284.7±463.2 g (range: 670 to 
2500 g). Eighteen of 35 patients were male (51.4%). The mean 
gestational age at surgery was 41.4±4.9 weeks (range: 33 to 58 
weeks). Forty-six eyes were stage 4A, 18 eyes were stage 4B, and 
6 eyes were stage 5. Patients were followed-up for 28.1±19.9 
months (range: 3 to 84 months). The ROP staging and 
preoperative characteristics are summarized in Table 1. There 
was plus disease in 41 eyes (58.6%) preoperatively. Patients with 
stage 4A and 5 ROP had statistically significantly more plus 
disease than those with stage 4B (p=0.002, Pearson χ2 test). 
Sixty eyes had received preoperative laser treatment (85.7%). 
Eight eyes did not receive any treatment before surgery (11.4%). 
Of the 60 eyes that received preoperative laser treatment, 24 
(34.3%) had also received anti-VEGF (0.625 mg bevacizumab) 
treatment before surgery. Laser and anti-VEGF treatments 
had been performed elsewhere before referral of the babies to 
our center for surgery. The mean interval between initial laser 
treatment and surgery was 29.7±22 days and the mean interval 
between anti-VEGF treatment and surgery was 14.4±7.2 days. 
The mean post-conceptional age at surgery was statistically 
significantly lower in stage 5 eyes than in stage 4A and 4B eyes 
(p=0.03, Kruskal-Wallis test).

Surgery
LSV could be performed in most cases, and lensectomy-

vitrectomy was done in 13 eyes (18.6%) due to extensive 
anterior fibrovascular proliferation (Table 2). Subjects with stage 
4B ROP had more lensectomy than stage 4A and 5 (p=0.03, 
Pearson χ2 test). Posterior hyaloid detachment (PHD) could be 
performed in 34 eyes (48.6%). Air was the tamponade of choice 

in the majority of the eyes (75.7%). Sixteen eyes (22.9%) needed 
additional surgery due to vitreous hemorrhage, residual traction, 
or cataract (mean interval between surgeries, 11.6±14.9 weeks). 
The mean surgery/eye ratio was 1.2. Secondary surgery need was 
significantly more likely in stage 5 eyes (p=0.02, Pearson χ2 

test) (Table 2). Postoperative vitreous hemorrhage was observed 
in a total of 8 eyes (11.4%), 7 of which had a preoperative plus 
disease. The rate of postoperative vitreous hemorrhage was 
statistically significantly higher in eyes with preoperative plus 
disease than those without (p=0.04, Pearson χ2 test). However, 
this rate did not differ significantly between eyes that received 
preoperative anti-VEGF treatment (2/26 eyes) and those that did 
not (6/44 eyes, p=0.36, Pearson χ2 test). 

Postoperative Outcomes
Overall anatomical success was achieved in 62 eyes (88.6%), 

being highest in eyes with stage 4A (95.7%) and lowest in eyes 
with stage 5 (50%). Stage 5 eyes had significantly less anatomical 
success than stage 4A and 4B (p=0.004, Pearson χ2 test).

Thirty-four patients finished their first year follow-up. 
Fifty-nine of the eyes were able to follow small objects at 1 year. 
Forty-three eyes had refraction recorded in their charts in the first 
year. The refractive status of the phakic eyes and aphakic eyes 
were -6.51±4.92 and 16.21±7.6, respectively (p<0.001, Mann-
Whitney U test). Among patients with longer follow-up, the 
mean LogMAR acuity was 1.1±0.27 (range: 0.5-1.5, 16 eyes) at 
3 years and 0.76±0.31 (range: 0.5-1.5, 9 eyes) at 4 years.

Success rates tended to be lower in the presence of 
preoperative plus disease (85.4% vs. 93.1%) and postoperative 
vitreous hemorrhage (75% vs. 90.3%), but the difference was not 
statistically significant (p=0.45 and p=0.22, Pearson χ2 test for 
all, respectively). Anatomical success was achieved in 14 of the 
16 reoperated eyes. 

Twelve patients had esotropia, three of which underwent 
strabismus surgery, and one of the patients had exotropia. 
Seven eyes had glaucoma; five were controlled with topical 

Table 1. Demographics and baseline characteristics of patients who had immediate sequential bilateral vitrectomy surgery for 
stage 4 or 5 retinopathy of prematurity

Demographics and baseline 
characteristics

All eyes
(n=70)

Stage 4A 
(n=46)

Stage 4B 
(n=18)

Stage 5 
(n=6)

p value*

Gestational age (weeks), mean ± SD 28.6±2.9 28.7±3.1 29.1±2.8 26.8±1.3 0.15

Birth weight (g), mean ± SD 1284.7±463.2 1306.5±467.9 1330.0±483.8 981.7±268.9 0.20

Sex (male/female), n 36/34 25/21 10/8 1/5 0.20

Plus disease, n (%) 41 (58.6) 30 (65.2) 5 (27.8) 6 (100) 0.002

Preoperative treatment, n (%)

None 8 (11.4) 4 (8.7) 4 (22.2) 0 (0) 0.43

Laser only 36 (51.4) 23 (50) 8 (44.4) 5 (83.3) 0.43

Anti-VEGF only 2 (2.9) 2 (4.3) 0 (0) 0 (0) 0.43

Laser and anti-VEGF 24 (34.3) 17 (37) 6 (33.3) 1 (16.7) 0.43

Postconceptional age at surgery (weeks),  
mean ± SD 

41.4±4.9 41.2±4.6 43.2±5.8 37.5±2.7 0.03

*Pearson χ2 test was used for categorical variables and Kruskal-Wallis test was used for numeric variables. Boldface values indicate statistical significance (p<0.05). 
SD: Standard deviation, n: Number, VEGF: Vascular endothelial growth factor
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medical treatment, while two eyes of one patient needed 
glaucoma surgery (right eye: Ahmed glaucoma valve and 
left eye: Harms trabeculotomy). Five eyes that developed 
glaucoma were phakic, and there was no statistically significant 
difference between phakic and aphakic eyes in terms of glaucoma 
development (p=0.95, Pearson χ2 test). None of the patients 
had endophthalmitis. Ocular and systemic complications are 
summarized in Table 3.

General Anesthesia
The mean duration of general anesthesia was 95±64 

minutes. There was no difference between the anatomical 
success group and non-success group (p=0.82, Mann-Whitney 
U test). The laryngeal mask was used in 8 patients (22.8%). 
Two patients were admitted to the NICU, one due to the 
need for mechanical ventilation and the other because of 
hydrocephalus. The patient who needed mechanical ventilation 
had longer general anesthesia duration (205 minutes) and was 
extubated 2 hours after surgery. There were no severe anesthesia-
related complications such as requirement for re-intubation, 
desaturation, apneic episodes, seizures, cyanosis, cardiac arrest, 
aspiration pneumonia, embolism, malignant hyperthermia, 
sepsis, or death (Table 3). 

Discussion

ISBVS in ROP can be rationalized in many ways. The 
patients are infants with many comorbidities, including 
bronchopulmonary dysplasia (BPD), which increases the risk of 
anesthesia administration and sometimes makes it impossible to 
repeat anesthesia.17,18,19,22 Infants with BPD have especially high 
risk of developing respiratory problems such as bronchospasm 
and atelectasis in the perioperative period.23 Additionally, when 
there is active ROP in both eyes, delaying surgery in the second 
eye may not be feasible.15 

Bilateral simultaneous cataract surgeries in pediatric 
patients have been previously reported.20,21,24,25 Postoperative 
endophthalmitis is the most frightening complication after 
bilateral simultaneous intraocular surgeries. Previous studies 

reported endophthalmitis rates in pediatric and adult cataract 
surgery between 0.15 and 1.1%.25 The endophthalmitis risk 
after adult vitreoretinal surgery is reported to be between 0.03% 
and 0.08%.26,27,28 Although pediatric vitrectomy surgeries 
might not have similar endophthalmitis rates and it is not 
certain that each eye has independent endophthalmitis risk29, it 
has been calculated that the risk for bilateral endophthalmitis 
after ISBVS would be 1 case in 150,000 to 1,000,000.13 
This rate is much lower than the general anesthesia-related 
mortality rate in the pediatric population. To reduce the risk 
of bilateral endophthalmitis, we treated each eye as a new 
patient, as described in the methods.11,13 None of our patients 
had endophthalmitis.

The mortality rate for pediatric patients subjected to general 
anesthesia ranges between 0.2 and 12.8 per 10,000.21,30 It is 
estimated that simultaneous bilateral surgery reduces anesthesia-

Table 2. Surgical procedures and outcomes of patients who had immediate sequential bilateral vitrectomy surgery for ROP

Surgical procedures and outcomes
All eyes
(n=70)

Stage 4A
(n=46)

Stage 4B
(n=18)

Stage 5
(n=6)

p value*

Lens sparing vitrectomy, n (%) 57 (81.4) 41 (89) 11 (61) 5 (83)
0.03**

Lensectomy and vitrectomy, n (%) 13 (18.6) 5 (11) 7 (39) 1 (17)

Tamponade, n (%)

Air 53 (75.7) 35 (76) 12 (66.7) 6 (100)
0.32

Gas 3 (4.2) 1 (2.2) 2 (11) 0

Induction posterior hyaloid detachment, n (%) 34 (48.6) 20 (43) 10 (55.5) 4 (66.7) 0.83

Postoperative vitreous hemorrhage, n (%) 8 (11.4) 5 (11) 1 (5.6) 2 (33.3) 0.36

Secondary surgery, n (%) 16 (22.9) 9 (19.4) 4 (22.2) 3 (50) 0.02

Anatomical success, n (%) 62 (88.6) 44 (95.7) 15 (83.3) 3 (50) 0.004

*Pearson χ2 test was used for categorical variables. Boldface values indicate statistical significance (p<0.05)
ROP: Retinopathy of prematurity

Table 3. Ocular and systemic complications

Complications n (%)

Ocular

Choroidal hemorrhage 0

Hypotony 0

Endophthalmitis 0

Cataract 2 (2.8)

Iatrogenic retinal tear† 1 (1.4)

Vitreous hemorrhage 8 (11.4)

Glaucoma 7 (10)

Strabismus (esotropia) 12 patients (34)

Nystagmus 14 (20)

Phthisis 3 (4.3)

Systemic

Postoperative need for NICU 2 patients (5.7)

Postoperative mechanical ventilation 1 patient (2.8)
†Peripheral superior iatrogenic retinal tear treated with laser and gas tamponade. Retina 
remained attached during 44 months of follow-up.
NICU: Neonatal intensive care unit
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related complications by 50% for sequential surgery, especially 
in high-risk patients such as premature infants.20 For preterm 
neonates, the risks of general anesthesia, such as intracranial 
hemorrhage, hypoxia, oxygen toxicity, postoperative apnea, 
bradycardia, and hypothermia, are greater than for term infants.22 
Subjecting the infant to this risk for a second time in a short 
period might increase the risk of anesthesia-related complications. 
Besides, deterioration of the infant’s general status after the first 
surgery may delay the surgery of the contralateral eye. None of our 
patients had serious complications related to general anesthesia.

We performed ISBVS when both eyes had active stage 4 
and 5 ROP disease, and delaying a second surgery would lead 
to disease progression in the latter eye. Most of these bilateral 
surgeries were done on stage 4A ROP because of the relatively 
short surgical time and less general anesthesia time. This 
complies with a previous international multicenter study, which 
suggests performing ISBVS for patients in whom the surgical 
intervention would be relatively short.13

Shah et al.11 reported favorable results in their cases 
of simultaneous bilateral surgeries only in stage 4A ROP. 
Although most of our cases were also stage 4, we had 6 eyes 
with stage 5 ROP in our series, though the fellow eyes were 
stage 4 in all of these cases. Additionally, all of the stage 5 eyes 
were recent stage 5 cases who had been lasered before, which 
fixed the peripheral retina and prevented anterior closed-funnel 
retinal detachment. 

Our results imply that preoperative plus disease is a good 
predictor of postoperative vitreous hemorrhage. PHD could be 
easily achieved in almost half of the eyes (48.6%) in the present 
series, contrary to the usual expectations in pediatric eyes. The 
anatomical success rate in our cases was 95.7% for stage 4A, 
83.3% for stage 4B, and 50% for stage 5 eyes, similar to previous 
reports.11,12,14,31,32,33

A large international multicentric retrospective study on 
ISBVS for pediatric retinal disorders reported ISBVS to be 
a feasible and safe treatment paradigm for pediatric patients 
with bilateral vitreoretinal pathological features when repeated 
general anesthesia is undesirable or impractical.13 These findings 
are supported by another recent study from India.16

Study Limitation
The drawbacks of this study are that it is retrospective and 

has a relatively small sample size because it is a single surgeon 
experience. However, there are only a few papers on this subject 
and it needs to be clarified with more experiences.

Conclusion

In conclusion, as ROP is usually a rapidly progressive 
disease when untreated during the active stage, ISBVS should 
be considered in bilateral cases when there is a risk of rapid 
progression in both eyes and when comorbidities of the infant 
make a second general anesthesia undesirable. All precautions 
should be taken to reduce the risk of endophthalmitis. The 
risk of endophthalmitis should be weighed over the risk of 
anesthesia-related complications and disease progression.
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Abstract
Immunomodulatory agents are often used in the systemic treatment of non-infectious uveitis. These drugs consist of corticosteroids, 
conventional immunosuppressives, and biological agents. As it is known that they suppress the immune system, the most important 
concern associated with immunomodulatory therapy (IMT) is the increased risk of infection. The World Health Organization declared 
COVID-19 a pandemic on 11 March 2020. Although severe acute respiratory distress syndrome secondary to SARS-CoV-2 infection may 
develop in all people, patients who receive IMT may be at higher risk in terms of both the transmission of the infection and more severe 
disease course. Therefore, guidelines on the management of patients receiving IMT due to uveitis during the pandemic are needed. In this 
review, we examined the immunomodulatory drugs used in the treatment of uveitis in terms of infectious complications and the data of 
patients who received IMT during the COVID-19 pandemic and discussed recommendations for the use of these drugs. According to the 
latest information, patients who receive IMT may continue their treatment as long as there are no disruptions in regular complete blood 
count (especially white blood cell count >4,000/μL) and liver and kidney function tests. Patients diagnosed with COVID-19 should be 
managed with a multidisciplinary approach.
Keywords: COVID-19, immunomodulatory therapy, immunosuppressive, non-infectious uveitis, SARS-CoV-2
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Introduction

Coronavirus disease 2019 (COVID-19), caused by the novel 
coronavirus severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), was first reported in the city of Wuhan (Hubei 
province, China). After spreading to other cities and countries, 
the World Health Organization declared it a pandemic on March 
11, 2020 (World Health Organization, Situation Report-51). 
Due to the virus’ unclear route of transmission, its rapid spread, 
and the considerable rate of serious complications it causes, 
the disease has become a global public health problem of 
worldwide concern. Although the information we have about 
COVID-19 is limited, it is steadily increasing. Patients using 

immunomodulatory therapy (IMT), both conventional and 
biological agents, constitute a population that is potentially 
vulnerable to infectious diseases and require diligent and close 
follow-up.

The aim of this review was to investigate the safety and use 
of immunomodulatory drugs for the treatment of ocular diseases 
during the COVID-19 pandemic.

COVID-19
Genome sequencing revealed that SARS-CoV-2 is very 

similar to two bat-derived SARS-like coronaviruses and less 
similar to SARS-CoV and Middle East respiratory syndrome 
coronavirus (MERS-CoV).1 It has been suggested that SARS-
CoV-2 is a novel infectious agent that emerged as a result of 
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mutations and recombinations in different genomic regions.
There is still no definite consensus regarding the treatment 

of patients. Many different drugs have been tried in clinical 
studies, with hydroxychloroquine and antiviral agents being 
adopted early in the pandemic.2 Corticosteroids were used in 
an attempt to control the cytokine storm in severe cases, but 
they were found to delay viral clearance time and had no effect 
on mortality.3 Tocilizumab, a recombinant human monoclonal 
antibody developed against interleukin (IL)-6 receptor, was 
shown to be effective in COVID-19 patients with cytokine 
storm.4 Results are not yet available for clinical studies of 
sarilumab, another IL-6 receptor antibody. Studies with the Janus 
kinase inhibitor baricitinib have not yielded favorable results.5

Risk Factors for Severe COVID-19
Disease-related mortality rates differ by region (5.6%-

15.2%).6 The risk of death is higher in older patients and those 
with comorbidities such as hypertension, diabetes mellitus, 
cardiovascular disease, and chronic lung disease.7 It was also 
stated that in previous studies of SARS and MERS infections, 
which have similar risk factors to COVID-19, immunosuppressed 
individuals were not found to be at higher risk.7 In a retrospective 
study reporting the clinical course and outcomes of COVID-19 
patients, advanced age, need for oxygen support, dementia, and 
presence of neurological disease at admission were listed as risk 
factors.8 Another study also suggested that the disease is more 
severe in smokers, but pharmaceutical nicotine may be beneficial 
in the treatment of COVID-19 due to its immunomodulatory 
effects.9

Immunomodulatory Therapy and COVID-19
It is known that people whose immune systems are suppressed 

for any reason are at risk of infectious diseases. Ophthalmologists 
use many different immunomodulatory drugs (conventional 
immunosuppressants, biological agents, and new small-molecule 
inhibitory agents) in the treatment of non-infectious uveitis.

The relationship between immunosuppressive drug use and 
COVID-19 has been a subject of research during the pandemic. 
Most studies in the literature are case reports and observational 
studies and involved patients receiving IMT due to organ 
transplantation and systemic autoimmune diseases. There are few 
publications on the management of patients with non-infectious 
uveitis who require IMT.

Systemic Corticosteroids
Systemic corticosteroids are used to control inflammation, 

especially in cases of vision-threatening acute uveitis. 
Long-term systemic corticosteroid use causes significant 
immunosuppression and increases the risk of infection. In three 
different patients receiving corticosteroid therapy due to organ 
transplantation, the course of COVID-19 infection was reported 
to be similar to the normal population.10,11,12 A study of 600 
patients receiving immunosuppressive therapy for rheumatic 
diseases showed that patients using corticosteroids (≥10 mg/
day) had a higher hospitalization rate than patients using other 
immunosuppressants.13

Conventional Immunosuppressive Drugs
Methotrexate: Methotrexate is one of the conventional 

immunosuppressive drugs and is mostly used in children 
with chronic anterior and intermediate uveitis.14 Methotrexate 
slightly increases the risk of infection but does not pose a risk 
for the development of serious infection.15 Although there is 
no definitive data regarding the effect of methotrexate use 
on COVID-19 transmission risk and disease course, it is not 
considered contraindicated.16

Azathioprine: This drug is most commonly used in 
ophthalmology practice to treat Behçet uveitis (BU).17 It can also 
be used in idiopathic posterior uveitis, Vogt-Koyanagi-Harada 
disease, and less frequently in cases of uveitis associated with 
juvenile idiopathic arthritis (JIA).18,19 Another study evaluating 
230 patients diagnosed with inflammatory bowel disease showed 
that azathioprine did not increase the risk of upper respiratory 
tract infection.20 In a retrospective study of 46,030 patients with 
rheumatoid arthritis (RA), it was reported that although the 
incidence of influenza was higher than in the healthy population, 
it was not associated with azathioprine use.21 There is no report 
in the literature regarding the presence of a relationship between 
azathioprine use and COVID-19 transmission risk and disease 
course.

Mycophenolate mofetil: Mycophenolate mofetil, another 
agent previously used in organ transplantation and systemic 
autoimmune diseases, is used less frequently in the treatment 
of uveitis than other immunosuppressants. It can be used in 
patients with panuveitis, posterior uveitis, retinal vasculitis, 
and scleritis due to various etiologies.22,23 Studies in transplant 
patients have shown that it moderately increases the risk of 
infection. Ritter and Pirofski24 concluded in their review that the 
drug especially predisposes to upper respiratory tract infection, 
urinary tract infection, and herpes virus-related infections. There 
are no available literature data on the relationship between 
mycophenolate mofetil use and COVID-19.

Cyclosporine-A: This drug can be used to treat patients with 
many different panuveitis and posterior uveitis entities, especially 
BU.25 Studies in dermatology patients have demonstrated a 
slight increase in the risk of upper respiratory tract infection.26 
de Wilde et al.27 showed that cyclosporine-A (Cs-A) suppressed 
MERS-CoV replication in vitro. In a clinic following 2,493 
kidney transplant patients, evaluation of the clinical course and 
outcomes of 19 patients with SARS-CoV-2 revealed that those 
using Cs-A had a better clinical course than those using other 
immunosuppressive agents.28 In a multicenter study conducted 
with kidney transplant patients in our country, examination of 
patients diagnosed with COVID-19 showed that none of the 
patients using Cs-A developed severe pneumonia.29 In another 
study of kidney transplant patients, it was reported that Cs-A 
could be used as an effective and reliable immunosuppressant 
when needed in patients diagnosed as having COVID-19.30

Tacrolimus: Tacrolimus is another immunomodulatory 
agent occasionally used in cases of intermediate uveitis, posterior 
uveitis, and panuveitis.31 It was shown to suppress MERS-
CoV replication similar to Cs-A in an in vitro study.32 A study 
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investigating factors associated with mortality in 53 COVID-
19 patients with a history of kidney transplantation showed 
that having dyspnea at admission, being over 60 years old, and 
tacrolimus use increased the risk of death.33

Cyclophosphamide: Although not highly preferred in 
ocular inflammatory diseases today, cyclophosphamide is another 
immunosuppressant previously used in patients with BU, 
pars planitis, and sympathetic ophthalmia.34 Durrani et al.35 
evaluated the short-term efficacy and safety of intravenous pulse 
cyclophosphamide in 38 patients with ocular inflammatory 
disease and reported that 18% of patients in the study developed 
upper respiratory tract infection. In a study including 7 bone 
marrow transplant patients with COVID-19, it was noted that 4 
of the patients used cyclophosphamide and all of them had mild 
COVID-19.36

Biologic Agents
Over the last two decades, biologic agents have provided 

a major advance in the treatment of systemic autoimmune 
diseases. In later years, they started to be used in the treatment 
of ocular inflammatory diseases. Etanercept, the first approved 
anti-tumor necrosis factor alpha (anti-TNF-α) agent, was shown 
to be ineffective in the treatment of uveitis after some time and 
to cause uveitis de novo in patients receiving the drug due to 
systemic autoimmune disease.37

Infliximab: Infliximab, another anti-TNF-α agent, is 
currently used in patients with uveitis associated with a wide 
range of etiologies. It is most commonly needed in BU and 
uveitis in sarcoidosis.38 It was also shown to be effective in the 
treatment of uveitis associated with JIA, Crohn’s disease, and 
ankylosing spondylitis (AS).39,40,41 Infliximab is a low risk agent 
in terms of infectious complications.42 In a study comparing the 
long-term safety of infliximab and non-biologic agents (systemic 
corticosteroids, azathioprine, and methotrexate) in the treatment 
of Crohn’s disease, 6273 patients were evaluated and infectious 
complications were reported to be more common in those using 
infliximab.43 The incidence of bacterial infection was 2.69% 
per year and that of viral infection was 0.97% per year. In the 
study, there is no clear data on the safety of infliximab during 
the COVID-19 pandemic. A study including 7 patients who 
used various biologic agents due to psoriasis and were diagnosed 
as having COVID-19 showed that patients receiving infliximab 
had a poorer prognosis.44 However, there are case reports 
showing the successful use of infliximab to treat COVID-19 
in patients with systemic autoimmune disease.45,46 In another 
study, it was suggested that infliximab could be used in the 
treatment of patients with ulcerative colitis during the COVID-
19 pandemic.47

Adalimumab: This drug is another anti-TNF-α agent that 
has been used to treat uveitis. Successful outcomes have been 
reported with adalimumab in patients with idiopathic uveitis 
and uveitis secondary to systemic diseases such as Behçet disease 
(BD), sarcoidosis, JIA, AS, and Crohn’s disease.38,48 Adalimumab 
is the only biologic agent licensed for the treatment of uveitis; 
others are used off-label. Infections were found to be the 

most common drug-related complications in patients using 
adalimumab for systemic autoimmune disease.49 However, it has 
been shown that advanced age, comorbid diseases, and RA are 
risk factors, whereas patients with AS, psoriasis, and JIA have a 
significantly lower risk of serious infection.49 In a study of 217 
patients with panuveitis, posterior uveitis, and intermediate 
uveitis of various etiologies, it was reported that non-serious 
upper respiratory tract and urinary tract infections were more 
common in patients using adalimumab compared to the placebo 
group, while the risk of serious infection was similar in the two 
groups.50 There are case reports in the literature regarding the 
risk of COVID-19 in patients using adalimumab. A 57-year-
old psoriasis patient taking adalimumab for approximately 2 
years was diagnosed as having COVID-19 manifesting with 
fever, malaise, and anosmia.51 According to the report, the 
patient exhibited no breathing difficulties during follow-up 
and did not need oxygen support. Adalimumab treatment was 
continued 3 weeks after discharge and there was no recurrence 
of symptoms associated with COVID-19 during follow-up. In 
another 30-year-old patient taking adalimumab for Crohn’s 
disease, COVID-19 infection presented with symptoms of 
fever and mild dyspnea and resolved rapidly.52 The authors 
attributed this to the patient’s young age and the role of TNF-α 
overproduction in severe respiratory failure. For this reason, they 
suggested that adalimumab can be used for therapeutic purposes 
in some COVID-19 patients.

Certolizumab and golimumab: There are no large and 
long-term studies on the use of certolizumab and golimumab, 
other anti-TNF-α agents used in systemic autoimmune diseases, 
in ocular inflammation. In a study examining 30 eyes of 21 
patients, it was shown that aqueous flare measurements were 
significantly reduced and visual acuity was preserved in the 
long term with both certolizumab and golimumab.53 When the 
results of three phase 3, randomized, placebo-controlled trials 
on the long-term safety of certolizumab use in psoriasis patients 
were analyzed together, the rate of infection was shown to be 
1.5% per year, which was reported to be similar to other biologic 
agents.54 There is still no information in the literature regarding 
the relationship between certolizumab or golimumab use and 
COVID-19 infection.

In a study evaluating 600 rheumatic patients with COVID-
19, it was found that anti-TNF-α use reduced the risk of 
hospitalization.13

Tocilizumab: Tocilizumab, another of the biologic agents 
more recently used to treat uveitis, is an IL-6 receptor antagonist. 
In previous years, it was approved for the treatment of RA and 
JIA. There are reports that it is successful in the treatment 
of uveitis. In a randomized, controlled, multicenter study, 37 
patients with non-infectious intermediate uveitis, posterior 
uveitis, and panuveitis received tocilizumab infusion at one of 
two different doses.55 At both doses, tocilizumab increased visual 
acuity and decreased vitreous haze and central macular thickness. 
The efficacy and safety of tocilizumab and methotrexate were 
evaluated in patients with RA.56 During the 24-week follow-
up period, serious infectious complications occurred in 1.4% 
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of patients receiving tocilizumab, similar to methotrexate.56 
Severe infections requiring hospitalization occurred in 24% of 
patients using tocilizumab. However, 52% of all patients were 
also receiving corticosteroid therapy, suggesting that the high 
incidence of infection was not due to tocilizumab alone. In a study 
of 141,869 patients comparing tocilizumab with anti-TNF-α 
agents in terms of risk of serious infection, both groups had 
similar rates of infectious complications.57 It was observed that 
4.68% of patients treated with tocilizumab developed serious 
infections per year. There is currently no known relationship 
between tocilizumab use and the development of COVID-19 
infection. There are publications reporting that for patients 
who require systemic immunosuppressive therapy and contract 
COVID-19, tocilizumab may be beneficial for both the comorbid 
condition and COVID-19.58,59 Luo et al.4 used tocilizumab to 
suppress severe systemic immune response in 15 patients with 
COVID-19. They stated that 11 of the patients responded well 
to treatment and that tocilizumab may be beneficial for severe 
patients at risk of cytokine storm.

Secukinumab: Secukinumab, another agent shown to be 
effective in autoinflammatory diseases, is an IL-17A antagonist. 
The results of three randomized controlled clinical trials to 
evaluate the efficacy of subcutaneous secukinumab in the 
treatment of non-infectious uveitis were analyzed and there 
was no significant difference in uveitis recurrence between the 
secukinumab and placebo groups.60 In a study of patients with 
psoriatic arthritis, a dose-dependent increase in the risk of serious 
infection was observed, with 2.1 of 100 patients in the group 
receiving the highest dose of secukinumab developing a serious 
infection within 1 year.61 Carugno et al.62 described a case of 
COVID-19 in a patient who had been using secukinumab for 2 
years due to psoriatic arthritis. They reported that the patient had 
a mild clinical course and that IL-17 inhibitors may even have 
a role in the treatment of COVID-19. In another publication, 
it was reported that IL-17A has a role in lung and heart 
damage in various diseases and that IL-17A inhibitors may be a 
potential treatment to prevent damage.63 In contrast, Sharmeen 
et al.64 reported that secukinumab use was associated with severe 
COVID-19 course. In another study, analysis of clinical course in 
41 COVID-19 patients receiving IMT (including secukinumab) 
due to rheumatologic diseases revealed no difference from the 
normal population.65

Canakinumab: This is another biologic agent that acts 
as an IL-1 beta inhibitor. It can be used in the treatment of 
psoriasis, chronic obstructive pulmonary disease, gout, and BD. 
Anakinra is another biologic agent that exhibits similar activity 
by binding to the IL-1 beta receptor. In BD patients with ocular 
involvement, canakinumab and anakinra have been shown to 
control ocular inflammation.66 In a retrospective chart review 
of 475 patients receiving canakinumab and anakinra for various 
autoimmune and autoinflammatory diseases, it was reported 
that 3 patients developed severe bacterial infections, resulting in 
death for 2 of those patients.67 It has been reported that anakinra 
yields positive results in controlling the cytokine storm in 
patients with secondary hemophagocytic syndrome and has the 

potential to be used in severe COVID-19 cases.68 The results of a 
preliminary study indicated that canakinumab and anakinra are 
safe during the COVID-19 pandemic and beneficial in COVID-
19 patients with cytokine storm.69

Interferons: These are a group of cytokines produced by host 
cells in response to the presence of viruses, bacteria, parasites, and 
tumor cells. Of the three types, interferon-α and interferon-β 
reduce autoimmune activity. Systemic recombinant interferon-α-
2a therapy has been shown to be effective against the extraocular 
findings of BD.31 It is also effective in the treatment of BU and 
intermediate uveitis.70,71,72 The most common complication 
associated with interferon therapy is influenza-like symptoms. 
In fact, the resolution of these symptoms suggests the formation 
of anti-interferon antibodies.73 No infectious complications 
related to interferon use have been reported in the treatment 
of uveitis. Considering its role in the natural immune system, 
infection related to treatment is not expected. It is thought that 
interferon could be used in the treatment of COVID-19 because 
it naturally stimulates an antiviral reaction, and clinical studies 
on this are ongoing. The use of interferon in combination with 
other therapies has been reported with no adverse effects in case 
reports.74,75 However, interferon-α preparations are no longer 
available on the market, only pegylated forms are available. 
Experience with the use of pegylated interferons in the treatment 
of uveitis is very limited.

Rituximab: Rituximab, which was first used in the treatment 
of lymphoma, targets the CD20 antigen on the B cell surface and 
causes B cell depletion. In subsequent years, it was used in RA 
and later for the treatment of granulomatous polyangiitis. There 
are retrospective case series in the literature regarding its role in 
the treatment of uveitis. It was shown to control inflammation 
during treatment in 8 patients with uveitis secondary to JIA.76 
Nine of 11 patients with refractory non-infectious posterior 
uveitis had improved visual acuity and regression of fluorescein 
angiography findings.77 There are reports that it induced 
remission in patients with BU.78,79 The use of rituximab in 
multiple sclerosis significantly increases the risk of infection.80 
However, there are insufficient data demonstrating the side 
effect profile of rituximab in patients with uveitis.77 There are 
case reports describing a more severe course of COVID-19 in 
patients using rituximab due to rheumatologic diseases.81,82 As 
rituximab causes B-cell depletion, it was suggested that the risk/
benefit ratio should be considered when using the drug during 
the pandemic, as it may impair the development of immunity 
in response to SARS-CoV-2 infection or to future vaccines.83 It 
has been shown that multiple sclerosis patients’ rituximab dose 
interval can be extended during the COVID-19 pandemic with 
no adverse effect on the course of multiple sclerosis.84

Abatacept: This drug inhibits T cell activation by cleaving 
the bond between cytotoxic T lymphocyte-associated antigen-4 
and immunoglobulin G, thereby suppressing T cell-dependent 
antibody production. It has similar efficacy to anti-TNF-α drugs 
in the treatment of RA. It can also induce remission in cases of 
JIA-associated uveitis.85 Patients using abatacept generally have 
an increased risk of infection. A large study evaluating the results 
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of five different clinical trials showed that the incidence of serious 
infections was low in RA patients using abatacept.86 Literature 
data regarding the effect of abatacept use on the risk of SARS-
CoV-2 transmission or the clinical course of COVID-19 are not 
yet available.

Alemtuzumab: Alemtuzumab is a monoclonal antibody 
that reduces T and B lymphocyte counts by binding to CD52 
on the cell surface of lymphocytes. The 12-year long-term 
outcomes of alemtuzumab use in multiple sclerosis patients 
were recently published.87 Its efficacy has been demonstrated 
both clinically and on magnetic resonance imaging. There are 
case reports related to its use in the treatment of uveitis. In one 
report, alemtuzumab induced remission in a case of refractory 
panuveitis.88 It was also shown to induce remission in another 
patient with refractory intermediate uveitis and macular edema 
associated with multiple sclerosis. The highest risk of serious 
infectious complications with alemtuzumab use in patients 
with multiple sclerosis was reported to be the first year of 
treatment (3.3%/year).87 In the same study, it was observed that 
the incidence of serious infections decreased in the long term 
(0.8%/year) in patients with 12-year follow-up. An analysis 
of 399 patients receiving different treatments for multiple 
sclerosis (including alemtuzumab) indicated that COVID-19 
incidence and disease course were similar to those in the normal 
population.89

SARS-CoV-2 Ocular Involvement
Ocular involvement caused by SARS-CoV-2 was first reported 

in China.90 A patient who tested positive for SARS-CoV-2 
after risky contact developed redness of the eyes days before 
developing pneumonia. After this case, it was thought that the 
use of protective glasses and/or visors could prevent the spread of 
the disease. The retina and retinal pigment epithelial cells were 
shown in previous years to have ACE2 receptors, by which the 
virus attaches to and infects cells.91 Recently, ACE2 receptor gene 
expression has also been demonstrated in conjunctival cells.92 
This finding supports the hypothesis that SARS-CoV-2 can be 
transmitted directly through the ocular surface.

Coronaviruses have been shown to cause conjunctivitis, 
anterior uveitis, retinitis, and optic neuritis in animal models.93 
In a study conducted in China, tear and conjunctival secretion 
samples obtained twice a few days apart from 30 COVID-19 
patients were tested for the presence of SARS-CoV-2 and in 
only one of the patients, both samples tested positive.94 Ocular 
findings have been shown to occur in approximately one-third of 
COVID-19 patients, with the most frequent being conjunctival 
hyperemia, chemosis, and epiphora.95,96 Clinical risk factors for 
ocular involvement include advanced age, high fever, increased 
neutrophil to lymphocyte ratio, and high acute phase reactant 
levels.96 A study evaluating the presence of virus RNA in retinal 
samples obtained from 14 patients who died from COVID-19 
revealed SARS-CoV-2 RNA in 3 of the 14 tested eyes.97 In another 
study evaluating the optical coherence tomography findings of 
12 COVID-19 patients aged 25-69 years, hyperreflective lesions 
in the ganglion cell and inner plexiform layers were observed in 

both eyes of all patients and soft exudates and microhemorrhages 
were observed in the posterior segment examination of 4 
patients.98 However, in a letter to the editor regarding this 
article, Vavvas et al.99 pointed out that soft exudates can be seen 
in many diseases and that the exudate in the example image 
could actually be myelinated nerve fiber and a reevaluation after 
6-8 weeks is necessary to differentiate. They also argued that 
the hyperreflective bands in the images may have been normal 
vessel shadowing and that these two findings may not be retinal 
changes associated with COVID-19. Bettach et al.100 reported a 
case of bilateral acute anterior uveitis secondary to COVID-19 
infection. A 54-year-old woman who was treated for COVID-19 
in the intensive care unit presented to the outpatient clinic with 
blurred vision 2 weeks after discharge. At initial examination, 
her visual acuity was 0.5 in both eyes and slit-lamp examination 
revealed bilateral conjunctival hyperemia, central corneal edema, 
Descemet’s membrane folds, keratic precipitates, and +1 cells 
in the anterior chamber. The patient’s findings improved with 
topical steroid and cycloplegia.

Uveitis Management During the COVID-19 Pandemic
Non-infectious uveitis is a group of sight-threatening 

inflammatory disorders and may be associated with systemic 
diseases. Immunomodulatory drugs have long been used in 
systemic inflammatory diseases and are often used in the 
treatment of non-infectious uveitis. In addition to corticosteroids 
(topical, peri/retrobulbar, intravitreal, systemic), conventional 
immunosuppressants and biological agents are used to protect 
against the side effects of corticosteroids, especially in patients 
who require long-term treatment.101 These drugs are known 
to suppress the immune system; therefore, the most important 
problem is the increased risk of infection.

The global SARS-CoV-2 pandemic is a unique phenomenon 
that has brought many unprecedented challenges. One of these 
challenges for ophthalmologists is managing non-infectious 
uveitis patients who need IMT during the pandemic. Opinions 
and recommendations on this topic are being published from 
various parts of the world.

In parallel with the recommendations of the International 
Uveitis Study Group (IUSG), Tugal-Tutkun of our country 
wrote an article titled “Recommendations for Uveitis 
Patients Using Immunomodulatory Drugs” and published 
these recommendations on the website of the Turkish 
Ophthalmological Association (https://coronavirus.todnet.
org/post/recommendations-for-uveitis-patients-using-
immunomodulatory-drugs). First, the author emphasized that 
patients using immunomodulatory drugs should adhere strictly 
to social distancing/isolation and personal protection. It was 
stated that international uveitis associations do not recommend 
discontinuing drugs, but depending on the course of ocular 
inflammation and with physician supervision, the administration 
interval can be extended, the dose can be reduced, or the drug 
can be completely discontinued. However, the author also noted 
that IMT should be discontinued in case of any suspicion of 
infection or high-risk contact. The vital importance of patients 
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having regular complete blood count (especially white blood 
cell count should be >4,000/μL) and liver (alanine transaminase, 
aspartate transaminases, gama-glutamil transpeptidaz) and 
kidney function (serum creatinine and urea) tests in terms of the 
risk of COVID-19 infection was emphasized.

Later, a consensus guide on the management of uveitis 
during the COVID-19 pandemic prepared by the IUSG, 
International Ocular Inflammation Society, and Foster Ocular 
Inflammation Society was published.102 This guide emphasized 
that treatment should be adapted based on the patient’s COVID-
19 status. The recommendations for patients under systemic 
immunosuppression are divided into two groups. In the first 
case, the consensus was to continue IMT in patients with no 
clinical signs of COVID-19. General recommendations for 
patients were made, such as staying at home as much as possible, 
complying with social distancing (being at least 1.5-2 m away 
from others), using masks when in contact with people or in 
risky areas such as hospitals, washing hands frequently with soap 
for at least 20 seconds, especially after touching door handles and 
light switches, and not touching the face without first washing 
hands. It was stated that a total white blood cell count higher 
than 4,000/μL minimized the risk of infection and that patients 
should continue to undergo complete blood count tests regularly 
in the centers closest to their homes. Cs-A was reported to be 
safe at non-high doses and not predispose to viral infections 
(except varicella-zoster virus). Finally, it was recommended to 
contact patients by phone because they could discontinue their 
medication without being advised by a doctor. In the second 
case, it was stated that patients with suspected or confirmed 
COVID-19 can continue immunomodulatory drugs if they are 
asymptomatic and have a total white blood cell count above 
4,000/μL, while for symptomatic patients, immunomodulatory 
drugs other than interferon and tocilizumab can be discontinued 
and local treatment solutions may be considered. It was noted 
that systemic corticosteroids should not be discontinued abruptly 
and that dose reduction should be gradual in terms of adrenal 
suppression. In patients with severe acute uveitis attacks (new-
onset uveitis or reactivation) who require high-dose intravenous 
methylprednisolone therapy, local treatment options (periocular 
and intravitreal steroids) alone or in combination with low-dose 
systemic corticosteroids should be considered.

Apart from the consensus guide above, there are publications 
related to the approach to ophthalmology patients during the 
COVID-19 pandemic. Gupta et al.103 published information 
and their recommendations on the treatment and follow-up 
of vitreoretinal and uveal diseases. In addition to the above 
consensus guideline recommendations for uveitis patients, they 
reported that the COVID-19 pandemic is not an absolute 
contraindication to initiating immunosuppressive therapy. 
Another publication presented recommendations that can be 
made in the follow-up, diagnosis, and treatment of uveitis 
patients.104 Patients with controlled uveitis should be followed 
remotely (by telephone, etc.) except for emergencies, and routine 
test results should be evaluated. As few tests as possible should 
be performed for diagnosis and follow-up. For patients who may 

require new treatment or treatment changes, personal protective 
equipment should be used diligently during examination. 
Finally, it was stated that IMT should be continued in patients 
without suspected or confirmed COVID-19, and IMT should be 
discontinued/reduced and local treatment options considered for 
infected patients. Similar recommendations were made in a study 
from Hong Kong.105 The authors recommended that patients 
under systemic treatment comply with general prevention 
measures, be followed up remotely as much as possible, use 
protective equipment when they need to be examined in person, 
and postpone elective surgeries. In newly diagnosed cases, they 
suggested first evaluating local treatment options but stated 
that biologic agents could be used when necessary in conditions 
such as BU. They recommended that systemic therapy should 
be reduced as much as possible or discontinued in patients 
diagnosed with COVID-19 while receiving IMT.105 A review 
investigating the effects of the use of immunosuppressives for 
ocular inflammatory diseases during the pandemic evaluated 
the new SARS-CoV-2 virus as well as information obtained 
during previous SARS and MERS outbreaks.106 It was stated that 
immunosuppression does not increase the risk of transmission 
or clinical severity of COVID-19, and immunosuppressive 
drugs can even be used to suppress the cytokine storm in severe 
COVID-19 cases. Similar recommendations were also made in 
a study reporting the common views of authors from different 
countries.107 It was stated that newly diagnosed patients should 
be followed up regularly until inflammation is controlled and 
that local treatment options should be preferred whenever 
possible. However, it was noted that systemic corticosteroids and 
immunomodulatory drugs can be used in patients with severe 
sight-threatening uveitis. They reported that treatment should 
be interrupted in patients who are receiving immunosuppressive 
treatment and test positive for SARS-CoV-2. In an online survey 
study, 139 ocular inflammatory disease experts from all over 
the world were asked questions concerning the use of IMT in 
non-infectious uveitis cases during the COVID-19 pandemic 
and a detailed treatment algorithm was created for patients.108 
The experts were presented with patient scenarios divided into 
different categories and groups and provided yes/no responses in 
terms of IMT. In the first category, patients were divided into 
four groups according to COVID-19 signs and symptoms: 1. 
Healthy, 2. Healthy with a history of contact with a COVID-19 
patient, 3. Showing symptoms of COVID-19, and 4. Confirmed 
COVID-19 diagnosis. In the second category, patients were 
divided into three groups according to systemic risk factors 
and immunosuppression level: 1. At-risk patients, 2. High-
risk patients, and 3. Very high-risk patients. At-risk patients 
were defined as those using immunosuppressants other than 
biologic agents. High-risk patients were defined as patients 
with one of the following risk factors: biologic agent use, high-
dose immunosuppressive use, multiple immunosuppressive use, 
presence of active systemic inflammatory disease, presence 
of heart, lung, and/or kidney disease, neutropenia, smoking, 
pregnancy, being over 60 years of age, or previous history of 
infection while taking IMT. Very high-risk patients were defined 



237

Değirmenci et al. COVID-19 and Immunomodulatory Therapy in Ophthalmology

as those having two or more of the above risk factors. The 
consensus options for the management of patients classified by 
risk group are summarized in Table 1, Table 2, and Table 3.108

Real-life Data During the COVID-19 Pandemic
Information pertaining to patients receiving IMT due to 

rheumatologic and inflammatory bowel diseases during the 
COVID-19 pandemic is recorded in international databases.

Experiences with patients using immunosuppressants 
during the COVID-19 pandemic are also shared in the 
SECURE-IBD database, which provides current real-life data 
on inflammatory bowel diseases. Finally, according to data 
last updated on January 5, 2021, a total of 4,280 cases 
worldwide were shared (https://covidibd.org/current-data/. 
Updated 01/05/2021). It was observed that 39% of 296 
patients who contracted COVID-19 while using oral or 
parenteral corticosteroids were hospitalized and 14% had 
a severe course. Thirty-three patients infected with SARS-
CoV-2 while using methotrexate were reported. Of those, 10 
patients were admitted for inpatient treatment and only 2 
patients had a clinically severe disease. Another 362 patients 
diagnosed with COVID-19 were using azathioprine and 76% 
of those patients were followed up on an outpatient basis. It 
was reported that 5% of the patients needed intensive care, 4% 
received ventilator support, and 8 people died (2%). COVID-
19 was diagnosed in 1,418 patients using various anti-TNF-α 
molecules (monotherapy). Of these, 89% were treated as 
outpatients and only 2% had severe infection. Of 394 COVID-
19 patients using azathioprine or methotrexate in combination 
with anti-TNF-α, 81% were treated as outpatients, 3% 
needed intensive care, and 2% required ventilator support. 
Fifteen patients (4%) died during treatment.

EULAR (European League Against Rheumatism), which 
conducts studies on rheumatic diseases, collects data pertaining 
to patients with rheumatic diseases who are diagnosed as having 
COVID-19. Their latest report (dated: 01/12/2021) presents 
data from a total of 3,590 patients (https://www.eular.org/
myUploadData/files/eular_covid_19_registry_report_1_dec.

pdf). When all patients were considered, it was reported that 
46% needed inpatient treatment. Seventy-nine percent of 
the patients were infected with SARS-CoV-2 while using any 
immunosuppressant, and of those patients, 56% were using 
conventional immunosuppressants and 38% used biologics. The 
proportion of Behçet patients enrolled in this database is 1%, 
and the report included no separate analysis of Behçet patients. 
In June of last year, EULAR also published recommendations 
on the management of rheumatologic and musculoskeletal 
diseases.109 It was recommended that patients without suspected 
or confirmed COVID-19 should continue their treatment 
unchanged. Patients who have contact with anyone diagnosed 
as having COVID-19 should have a SARS-CoV-2 test even if 
they have no symptoms, and a multidisciplinary approach to 
treatment was recommended for patients with a confirmed 
COVID-19 diagnosis.

Very recently, two case series of BD patients diagnosed 
with COVID-19 were published.110,111 In a series presenting 4 
BD patients with COVID-19 (upper respiratory tract infection 
in 3 and viral pneumonia in 1 patient), 3 of the patients were 
hospitalized for treatment and all patients had mild COVID-
19 and recovered without any complications. Activation of 
cutaneous and mucosal findings of BD was observed during 
COVID-19 infection in one patient and 15 days after recovering 
from COVID-19 in another patient. Two of the patients in 
this series were using conventional immunosuppressants (one 
methotrexate, the other azathioprine) combined with oral 
corticosteroids at the time of COVID-19 diagnosis, and it was 
reported that methotrexate therapy was discontinued in the 
former patient after being diagnosed with COVID-19.110 The 
other series presented 10 BD patients with COVID-19, of whom 
6 developed viral pneumonia, 8 were hospitalized, and 2 were 
admitted to the intensive care unit. One of the patients died of 
severe respiratory failure, one developed deep vein thrombosis, 
and 3 patients had recurrence of oral aphthae and arthralgia 
associated with BD. All patients except the deceased patient 
were using colchicine and/or an immunomodulatory drug at 

Table 1. Consensus treatment recommendations for at-risk patients* (follow from left to right)106

Not using CS
Healthy patient Initiate

COVID-19 patient (suspected or confirmed) Do not initiate

Using oral 
CS

Using low-dose CS Healthy patient (with or without contact) Continue

Using high-dose CS
Healthy patient Continue

COVID-19 patient (suspected or confirmed) Dose can be reduced, drug can be discontinued if confirmed

If considering intravenous 
CS

COVID-19 patient (suspected or confirmed) Do not initiate

If considering local CS
Healthy patient with contact or COVID-19 patient 
(suspected or confirmed) not receiving oral CS

It is preferred over systemic therapy

All patients receiving low-dose oral CS It is preferred instead of increasing the systemic therapy dose

Using conventional immunosuppressants

Healthy patient Continue

Healthy patient with contact Continue

COVID-19 patient (suspected or confirmed) Dose can be reduced or treatment discontinued

CS: Corticosteroid, *See text, COVID-19: Coronavirus disease-19
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the time of COVID-19 diagnosis (colchicine in 5, azathioprine 
in 3, anti-TNF-α agents in 3, and oral corticosteroids in 2 
patients).111

Conclusions

In the light of previous clinical experience and the 
information obtained during the COVID-19 pandemic, albeit 
short term data, IMT does not appear to increase the risk of 
SARS-CoV-2 infection or the severity of the disease. Except for 
patients receiving high-dose systemic corticosteroid therapy 
and those at risk for severe COVID-19 infection, guidelines 

generally recommend continuing IMT for patients who need it. 
Each patient’s condition should be evaluated individually when 
making treatment decisions. Patients should be treated using a 
multidisciplinary approach, taking into account systemic risk 
factors, the patient’s potential COVID-19 infection status, and 
the type and severity of uveitis.
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Table 3. Consensus treatment recommendations for very high-risk patients*** (follow from left to right)106

Not using CS COVID-19 patient (suspected or confirmed) Do not initiate

Using oral CS

Using low-dose CS
Healthy patient Continue

COVID-19 patient (suspected or confirmed)
Dose can be reduced or treatment 
discontinued

Using high-dose CS COVID-19 patient (suspected or confirmed)
Dose can be reduced or treatment 
discontinued

If considering intravenous CS
Healthy patient with contact or COVID-19 patient (suspected or 
confirmed)

Do not initiate

If considering local CS All patients not receiving oral CS or receiving low-dose oral CS
It is preferred instead of increasing 
the systemic therapy dose

immunosuppressive drug

Healthy patient Continue

Healthy patient with contact Do not initiate

COVID-19 patient (suspected or confirmed)
Dose can be reduced or treatment 
discontinued

Using or considering treatment with a biologic agent

Healthy patient (including those using tocilizumab) Continue

Healthy patient with contact Do not initiate

COVID-19 patient (suspected or confirmed) Discontinue

CS: Corticosteroid, ***See text, COVID-19: Coronavirus disease-19

Table 2. Consensus treatment recommendations for high-risk patients** (follow from left to right)106

Not using CS COVID-19 patient (suspected or confirmed) Do not initiate treatment

Using oral 
CS

Using low-dose CS
Healthy patient Continue treatment

Positive COVID-19 test Dose can be reduced or treatment discontinued

Using high-dose CS
Healthy patient Consider continuing treatment

COVID-19 patient (suspected or confirmed) Dose can be reduced or treatment discontinued

If considering intravenous 
CS

Healthy patient with contact or COVID-19 patient 
(suspected or confirmed)

Do not initiate

If considering local CS
Healthy patient with contact or COVID-19 patient 
(suspected or confirmed) not receiving oral CS

It is preferred over systemic therapy

All patients receiving low-dose oral CS It is preferred instead of increasing the systemic therapy dose

Using conventional immunosuppressants
Healthy patient Continue

COVID-19 patient (suspected or confirmed) Dose can be reduced or treatment discontinued

Using or considering treatment with a 
biologic agent

Healthy patient (including those using tocilizumab) Continue

Healthy patient with contact
Do not initiate

Do not change treatment to tocilizumab

COVID-19 patient (suspected or confirmed) Discontinue 

CS: Corticosteroid, **See text, COVID-19: Coronavirus disease-19
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Abstract
A 29-year-old woman presented with dark-colored raised lesions on both eyelids since early childhood. Ophthalmological examination 
revealed pigmented verrucous lesions on her upper and lower eyelids bilaterally. The patient had a history of generalized tonic-clonic 
seizures. Dermatological examination revealed hyperpigmented verrucous plaques arranged along lines of Blaschko on the neck, trunk, 
and arms. On the basis of these findings, the diagnosis of epidermal nevus syndrome (ENS) was made. She had surgery for debulking 
of the lesions. Histological analysis revealed hyperkeratosis with foci of parakeratosis, acanthosis, and papillomatosis, consistent with 
linear verrucous epidermal nevus. Postoperative residual lesions did not respond to oral acitretin therapy (10 mg/kg/day for 2 months). 
Systematized ENS can rarely cause linear verrucous nevi on the upper and lower eyelids on both sides. These patients should be 
investigated for accompanying systemic anomalies and followed for potential malignant transformation of the skin lesions.
Keywords: Epidermal nevus, epidermal nevus syndrome, eyelid, linear verrucous epidermal nevus

Biçer et al. Linear Verrucous Epidermal Nevus

Introduction 

Epidermal nevi (EN) are cutaneous hamartomatous lesions 
derived from the embryonic ectoderm and characterized by 
hyperplasia of the epidermis and adnexal structures. Epidermal 
nevus syndrome (ENS), first described by Schimmelpenning in 
1957, is a neurocutaneous disorder characterized by the presence 
of EN in association with various developmental nervous, ocular, 
skeletal, cardiovascular, and urogenital abnormalities.1,2 EN 
usually show a linear pattern along the Blashko lines and are 
categorized as systematized when they involve large areas on 
either side of the body.

Here, we report a rare case of systematized ENS causing 
linear verrucous EN in both upper and lower eyelids bilaterally.

Case Report

A 29-year-old woman presented with the complaint of dark-
colored raised lesions on both eyelids since early childhood. At 
the age of 7 years, the plaques on her eyelids had become more 
raised, verrucous, and scaly. Her medical history was significant 
for generalized tonic-clonic seizures starting in early childhood. 
The seizures were well controlled with anti-epileptics including 
carbamazepine (800 mg/day) and lamotrigine (200 mg/day). 
There was no evidence of mental retardation in the patient. Her 
family history was unremarkable.

Ophthalmological examination revealed pigmented 
verrucous lesions on her upper and lower eyelids bilaterally 
(Figure 1a). Her visual acuity was 20/20 in both eyes. Slit-
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lamp and fundus examinations were normal. Dermatological 
examination revealed hyperpigmented verrucous plaques 
arranged along lines of Blaschko with areas involving the neck, 
trunk, and arms (Figure 1b, c). No pathological findings were 
observed in the musculoskeletal, urogenital, and cardiovascular 
systems. Palliative debulking of the eyelid lesions was performed 
for cosmetic reasons.

Histologic examination was compatible with EN (Figure 
1d). The patient was diagnosed with ENS due to the history 
of epilepsy accompanying the extensive EN. The patient was 
treated with systemic oral 10 mg/kg/day acitretin therapy but 
the drug was discontinued after two months because the lesion 
showed no reduction in size (Figure 1e). 

Discussion 

EN are rare hamartomas that usually appear at birth but 
may become clinically observable later in life.3 EN are classified 
according to their clinical appearance as solitary or localized 
linear lesions, systematized (bilateral, parallel linear lesions), 
nevus unius lateralis (unilateral lesions), and ichthyosis hystrix 
(bilateral and symmetric involvement).4 Our case was evaluated 
as systematized EN with many verrucous plaques located on the 
patient’s neck, trunk, and extremities and oriented along the 

Blaschko lines. The incidence of ENS is 1 in 1,000 newborns. 
Sporadic cases are more common than familial ones.3 

The prevalence of ocular involvement in ENS is estimated 
to be 9-70%.5,6 EN may occur in the eyelid or conjunctiva. 
Associated abnormalities may include ocular coloboma, epibulbar 
choristomas or lipodermoids, and corneal opacities.5,6 Other rare 
associations are strabismus, ptosis, microphthalmia, nystagmus, 
astigmatism, cataract, and bilateral tear duct obstruction.7 Our 
patient had linear verrucous EN on her eyelids bilaterally without 
any other ocular abnormality. Bilateral EN of the eyelids have 
been previously described only once, in a systematized cutaneous 
case without any extraocular abnormalities.8 An extensive 
four-eyelid blepharoplasty and anterior lamellar rotation of the 
eyelashes were performed for treatment.

Café-au-lait macules, cutaneous hemangiomas, acanthosis 
nigricans, and melanocytic nevi are other dermatological findings 
that can be seen in ENS.9 Neurologic abnormalities have been 
described in up to 50-70% of patients with ENS and include 
mental retardation, seizure, hypotonia, hyperkinesia, hemiplegia, 
hemiparesis, and cranial nerve palsies.9,10 Skeletal anomalies 
occur in approximately 50% of patients with ENS (e.g., 
kyphoscoliosis, congenital hip dislocation, vitamin D-resistant 
rickets, limb hypertrophy, syndactyly, polydactyly, clinodactyly, 

Figure 1. Pigmented verrucous lesions on the eyelids (a) and neck (b, c). d) The epidermis shows papillomatosis, hyperkeratosis, and acanthosis with marked elongation 
of rete ridges. Mild mononuclear cell infiltrate can be noted surrounding papillary dermal vessels; hematoxylin-eosin X40. e) Photograph taken 4 months after eyelid nevus 
debulking surgery
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and bifid thumb).9,10 In our case, systematized EN was associated 
only with generalized epilepsy. 

Treatment of EN is recommended for cosmetic reasons and 
to prevent possible malignancy. Numerous treatment options 
such as excision, cryotherapy, liquid nitrogen, carbon dioxide 
laser, and topical or intra-lesional glucocorticoids has been used 
with varying success. Topical and systemic retinoids are other 
alternative treatment modalities. Oral acitretin therapies have 
been tried successfully in widespread hyperkeratotic disorders.10 
Due to the likelihood of malignant transformation in EN, long-
term follow-up is suggested for patients with ENS.11
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Introduction 
Spheroidal degeneration is a slowly progressive corneal and 

conjunctival disorder that occurs mostly in the interpalpebral 
region with homogenous, band-shaped, translucent, yellow-
golden globular deposits.1,2 As corneal spherules corresponding 
to this clinical entity have been described under 20 different 
names, spheroidal degeneration is regarded as a very rare 
disorder in the world literature.3 In reality, however, spheroidal 
degeneration is a common occurrence. Hereditary cases of this 
disorder are extremely rare and the pattern of inheritance is 
not clear.4,5 Here, we report two cases of familial spheroidal 
degeneration.

Case Reports

Case 1
A 45-year-old Turkish man was evaluated for bilateral 

progressive loss of vision over the past 25 years. His family 
history was significant in that one of his sisters was diagnosed 
with similar corneal lesions in both eyes. His parents were not 

related and he had no previous history of any ocular or systemic 
inflammatory diseases.

Best corrected visual acuity was 20/100 in the right eye and 
counting fingers at 10 cm in the left eye. The ocular adnexa 
were normal. Slit-lamp examination revealed dilated bulbar 
conjunctival vasculature in both eyes and pinguecula in his left 
interpalpebral bulbar conjunctiva. Evaluation of both corneas 
revealed the presence of irregular epithelium overlying multiple 
amber-colored globules in the superficial stroma (Figure 1A, B). 
The surrounding stroma appeared hazy. Corneal thickness was 
measured as 1,090 μm and 1,095 μm in the right and left eyes, 
respectively. Although the posterior segment structures could 
not be visualized due to the presence of corneal lesions, ocular 
ultrasonography revealed attached retinas with clear vitreous. 
Intraocular pressures were within normal limits. The patient 
underwent incisional biopsy of the corneal lesions in his left eye.

Histopathology: The corneal specimen was stained with 
hematoxylin and eosin (H&E) (Figure 1C). On microscopic 
examination, the epithelium appeared normal and Bowman’s 
layer contained small deposits that stained basophilic.
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Spheroidal corneal degeneration is predominantly seen in advanced age and hereditary predisposition to this disorder is very rare. This 
report describes the occurrence of bilateral band-shaped spheroidal corneal degeneration in two siblings.
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Confocal microscopy: The patient’s corneal characteristics 
were evaluated using an in vivo laser confocal microscope, the 
Heidelberg Retinal Tomograph II, Rostock Cornea Module 
(Heidelberg Engineering GmgH, Dossenheim, Germany). A 
condensation of hyperreflective large globules, like hyaline 
accumulations, was noticed in the superficial layers of the central 
cornea as a consequence of protein denaturation (Figure 1D).

Case 2
The 35-year-old sister of the patient described above 

had bilateral progressive loss of vision and lacrimation 
since childhood. No ocular trauma or systemic or ocular 
inflammatory disorders were reported. Best corrected visual 
acuities were 20/125 in each eye. The ocular adnexa were 
normal. Biomicroscopically, band-shaped amber-colored 
anterior stromal globules were present in the interpalpebral 
cornea. The overlying epithelium appeared to be intact 
(Figure 2A, B). The anterior chamber was of normal depth and 
quiet, the iris showed normal architecture, and both eyes had 
moderate nuclear sclerosis. On ophthalmoscopic examination, 
both retinas appeared hazy due to the presence of the corneal 
lesions. Intraocular pressures were within normal limits. The 
patient underwent incisional biopsy of the corneal lesions in 
her right eye.

Histopathology: The corneal specimen was stained with 
Verhoeff-van Gieson for elastin (Figure 2C). The corneal stroma 
was free of deposits, but the superficial stroma lacked the 
normal parallel arrangement secondary to increased amount and 
thickness of elastic fibers as observed with Verhoeff-van Gieson 
staining. 

Confocal microscopy: An accumulation of punctiform 
hyperreflective deposits was observed in confocal microscopy 
(Figure 2D). 

Discussion
The clinical picture of spheroidal degeneration of the 

cornea and conjunctiva has three typical forms. Primary corneal 
spheroidal degeneration consists of superficial solitary or clustered 
spherules adjacent to the limbus, is seen especially in advanced 
age, is almost always bilateral, and can also be detected in 
normal eyes. Secondary corneal spheroidal degeneration involves 
single, grouped, or a solid plaque of spherules that occurs more 
frequently in eyes with a unilateral corneal pathology, often 
located in the deep stroma of the central cornea. The conjunctival 
type consists of conjunctival golden spherules associated with 
either of the corneal types and often with pinguecula, which 
is common in older ages.1,2,3 However, the distinction between 
these forms is not sufficiently clear, and in many cases more than 
one form can be seen at the same time.3

In our report, we revealed familial band-shaped spheroidal 
changes with both conjunctival and corneal involvement in a 
family. The first patient had corneal spheroidal lesions in both 
eyes with intact epithelium in the subepithelium, Bowman’s 
membrane, and superficial stroma (Figure 1A, B). In the second 
patient, the globules were smaller, vision was better in both eyes, 
and the opacity was identical in location (Figure 2A, B). Bilateral 
involvement and location of the spherules might indicate 
the diagnosis of primary corneal form. However, lesions had 
appeared prior to the age of 30 years. In case 1, the central plaque 

Figure 1. Clinical and histopathological characteristics of patient 1. Grade III keratopathy with spherical deposits in the central cornea.6 The epithelium had a normal appearance 
on a microscopic examination. Note the subepithelial vascular invasion from the temporal and inferonasal limbus to the area of opacification (A, right eye). Grade IV keratopathy 
with a central plaque elevating the corneal epithelium, and pinguecula formation6 (B, left eye). Hematoxylin and eosin (H&E) stained cornea specimen, X400. The arrow indicates 
basophilic stained deposits (C, left eye). In vivo confocal microscopy shows large hyperreflective globular deposits in the superficial layers of the central cornea (D, left eye)
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was considered to be the secondary corneal form. However, the 
patients lacked significant signs of trauma or inflammatory 
diseases. The presence of pinguecula and conjunctival spherules 
suggested the conjunctival form. However, the patients suffered 
devastating corneal complications.

Based on the characteristics mentioned above, we concluded 
that the two siblings did not comply with the forms described.1 
With the increasing number of familial presentations, we hope 
that familial spheroidal degeneration might be included in the 
classification.

According to Johnson et al.6, spheroidal degeneration is 
categorized into four grades (Grade I-IV). In our patients’ right 
eyes, the spherules affected vision by progressing from the 
corneal periphery to the central zone, while the epithelium was 
not damaged, consistent with grade III keratopathy (Figure 
1A, 2A). In the left eyes, the epithelium was raised by deposits, 
consistent with grade IV keratopathy, even though there were 
areas of clear cornea in the periphery (Figure 1B, 2B).

All forms of spheroidal degeneration are pathologically 
identical in both light and electron microscopy.2 The epithelium 
and its basement membrane remain unaffected unless advanced 
degeneration is present, whereas Bowman’s membrane is often 
disrupted. Hida et al.5 observed changes in epithelial thickness 
and noted that the epithelium which was raised by spherical 
deposits was noticeably thinner in some areas. The spheroids, 
which contain proteins and are positively stained with Verhoeff’s 
elastic stain, are characteristically found beneath the epithelium, 
in Bowman’s layer and the superficial corneal stroma.7 In this 

report, it was noted that the epithelium was not affected in the 
H&E-stained sections and that Bowman’s membrane contained 
small basophilic deposits. These aggregates exhibited a positive 
reaction with the Verhoeff-van Gieson stain, giving the deposits 
a black and dark olive green appearance, and the superficial 
stroma lost its normal parallel pattern due to the increased 
amount and thickness of the elastic fibers. These hyaline corneal 
deposits are frequently observed in a variety of chronic ocular and 
corneal disorders, and as a result of exposure to climatic extremes.

Any cases of keratopathy associated with interpalpebral 
deposition should be considered in the differential diagnosis. 
Climatic conditions play a major role in climatic proteoglycan 
stromal keratopathy. The appearance of gray corneal opacification, 
central flattening, and proteoglycan accumulation differentiate it 
from spheroidal degeneration.8 Mild calcific band keratopathy, 
in which calcium salts accumulate, differs from secondary 
corneal spheroidal degeneration by having a systemic or ocular 
inflammatory disease in the etiology.9 Salzmann’s nodular 
degeneration is bluish-white to grayish-yellow round lesions. 
Ocular surface inflammation is common. The presence of 
eosinophilic deposits and early destruction of epithelium can be 
seen in any part of the cornea, not only the interpalpebral region.

Confocal microscopy enables the clinician to evaluate 
microstructural corneal changes with a noninvasive approach.11 
In both of our patients, the golden spherules were observed 
as hyperreflective globules under the confocal microscope. 
These hyperreflective globules were well correlated with the 
histopathological specimens.

Figure 2. Clinical and histopathological characteristics of patient 2. Grade III keratopathy, characterized by band-shaped transparent amber-colored corneal spherules.6 Note 
the spherules adjacent to the limbus (A, right eye). Grade IV keratopathy identified by band-shaped corneal deposits and clusters of punctiform spherules6 (B, left eye). Cornea 
specimen stained with Verhoeff-van Gieson, X400. The superficial stroma lacks normal parallel arrangement. Note the bluish discoloration of the stroma. The arrow indicates 
dark olive green stained deposits (C, right eye). In vivo confocal microscopy shows punctiform hyperreflective deposits (D, right eye)
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Advancing age and exposure to environmental factors or 
underlying ocular pathology have a major role in the etiology 
of spheroidal degeneration. These environmental factors include 
low humidity, very low temperatures, very high temperatures, 
microtrauma from wind blowing snow or ice particles and solar 
radiation from ultraviolet (UV) wavelengths. Chronic exposure 
to UV radiation is considered to be the primary causative factor 
in spheroidal degeneration. The patients in the present report 
were living in the province of Adana, which is the southern 
part of Turkey (35° 18’ 49.4496’’ E). It has a dry-hot summer 
subtropical climate. In Adana, the highest annual average 
temperature in summer is 40 degrees Celsius and the average 
daylight duration is 10 hours.12 The average annual solar 
radiation in the southern part of Turkey is above 4.6 kWhm-2.13 
In fact, chronic UV exposure may be a causative factor in our 
cases due to the region in which our patients live. However, in 
the present report our patients were rather young and had no 
history of preexisting ocular diseases. Although chronic exposure 
to UV is thought to be a causative factor, the assessment of 
conjunctival and corneal spheroidal degeneration with early 
onset in two members of the same family led us to presume a 
familial form of spheroidal degeneration. There are a few cases of 
spheroidal degeneration thought to be familial in the literature.4,5 
The limitation here is that the genetic transmission of spheroidal 
degeneration was not supported by concrete evidence. Spheroidal 
degeneration was detected in only two individuals in the same 
family, both in our cases and in other presumed familial cases 
presented in the literature. It is therefore difficult to determine 
the inheritance pattern of the spheroidal degeneration. With our 
current knowledge, it would be more accurate to interpret that 
there may be a familial predisposition to corneal and conjunctival 
microtraumas in these cases. 

There is no single medical approach for treatment. In mild 
cases, lubrication of the ocular surface, protection from UV 
exposure, and appropriate ascorbic acid intake are advised. In 
moderate keratopathy, superficial or photorefractive keratectomy 
are performed.14 In advanced cases, penetrating keratoplasty may 
be recommended. However, the recurrence rate is unknown.

Contrary to the relatively more common sporadic spheroidal 
degeneration, familial cases are bilateral, more affected by the 
environment, and typically symptomatic in the first decade.

In conclusion, spheroidal degeneration of the cornea and 
conjunctiva has mostly been reported in older subjects and most 
researchers did not recognize a familial tendency. This report 

describes bilateral band-shaped spheroidal corneal degeneration 
in two young siblings, which is extremely rare. 
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Dear Editor,
This letter is in regard to the article “Effects of the COVID-

19 Pandemic on Turkish Ophthalmologists.’’ authored by I.K. 
and M.M., which was published in volume 51, issue 2, 2021 of 
the Turkish Journal of Ophthalmology.1

We read this article with great interest and thank the authors 
for providing an excellent demonstration of how the COVID-19 
pandemic has caused both a decrease in the number of patient 
examinations by prioritizing only the most urgent care, as 
well as raised anxiety among ophthalmologists in Turkey. The 
authors summarize and emphasize how the proximity of these 
professionals to patients heightens the possibility for viral 
contraction and how crucial proper personal protection and clear 
guidelines are important for all involved to prevent contagion 
and provide care when needed. 

Understanding the distinguishing particulars causing this 
anxiety can help policy makers address issues specifically and 
appropriately and thereby rehabilitate the health care system. We 
similarly held a three-part survey, collecting data from eye care 
practitioners (ECPs) during the first wave (and coinciding with 
a national lockdown, though ECPs were considered essential 
workers), during the lull, and again during the second wave of 
the pandemic (pre-published, ahead of print). Even at the third 
stage, in July 2020, when transmission and infection modalities 

were better understood, a third of ECPs still refrained from 
providing full service, citing high levels of anxiety due to fear 
of contracting the virus through ocular tissue as well as, similar 
to the article presented here, a fear of passing the disease on to 
their families. Interestingly, the more novice ECPs were less 
reluctant and anxious than the more senior and experienced 
responders. As with this study, 99% of all ECPs also wore face 
masks throughout the survey timeframe. What was further 
instructive was to observe the progression of protective gear use 
as knowledge of transmission advanced between the stages of the 
pandemic and survey. For example, temperature measurement 
declined as it became understood that asymptomatic coronavirus 
disaese-2019 (COVID-19) positive patients are contagious and 
therefore an elevated temperature was not enough to identify 
and prevent disease spread. Glove usage decreased as well, with 
the understanding that disease transmission can be effectively 
prevented by thorough hand-washing (which remained high 
throughout all stages, at over 99%). It was sobering to note that 
at the end of the survey, at the second wave, still a third of the 
responding ECPs refrained from providing full care. It seemed 
that even though possible contraction of this coronavirus via 
ocular tissue when properly protected remains extremely low, 
ECPs were not sufficiently informed or receptive to that, and 
anxiety and subsequent substandard quality and quantity of care 
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persisted. Although the COVID-19 pandemic has spectacularly 
accelerated and advanced fields such as telemedicine and brought 
about effective on-line consultation in ophthalmic imaging and 
even operations, face-to-face consultations are still often the 
preferred alternative.2

These results further support a multicenter survey conducted 
in Turkey in April 2020 which focused on the quality of care as 
well as the anxiety level of providers. The data showed that many 
ECPs felt the quality of their examination decreased (32.2%) as 
well as the quality of their intervention (38%). Telemedicine was 
not a prevalent alternative (62% did not use) but it is unclear if 
that was by choice or lack of availability. A poignant question 
asking “Have you missed a diagnosis during the pandemic?” was 
answered in the affirmative by 14.9% of responders. The authors 
proposed that health management organisations proactively 
provide mental health support, after learning 36.4% of the 
survey responders suffered from some level of anxiety caused by 
the pandemic.3

To conclude, the COVID-19 pandemic has disrupted all 
medical services across the world including ophthalmic services. 
In many countries, ECPs have had to independently self-educate 
regarding this pandemic. Seeing the results of all these studies 
magnifies the global significance and need for government and 
health care institutions’ guidance, such as was provided by the 
Turkish Ophthalmological Association as early as April 2020,4 
but even more so, highlights the importance of continuously 
updated information, such as provided by the British National 

Health Service and British Contact Lens Association.5 Active 
education of even the more experienced ECPs on how to protect 
themselves and their patients is paramount in order to safely 
rehabilitate the system as quickly as possible to pre-pandemic 
status.
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Dear Editor,
We read with interest the article reporting the effect of the 

coronavirus disease 2019 (COVID-19) pandemic on Turkish 
ophthalmologists, which provided intricate insights into the 
practice patterns in Turkey during the COVID-19 pandemic.1 
However, we have a few important potential additions based 
on the incremental changes and innovations across the majority 
of tertiary eye care hospitals in India during the pandemic. All 
the healthcare staff and patients underwent daily temperature 
screening, hand sanitization, and shoes/slippers sanitization 
with dilute hypochlorite solution; travel history and COVID-
19 consent were obtained; and mask and personal protective 
equipment kits were ensured before hospital entry.2 As 
highlighted in the article in terms of practitioners’ reduced 
working hours, the healthcare staff and doctors in our country 
were also divided into 2-3 teams to minimize viral exposure daily 
to COVID patients. Patients were admitted by appointment 
only, limited patients were allowed on a single entry, only one 
attendee was allowed per patient, and during examination the 
attendees were not allowed inside the examination room unless 
deemed necessary. The patients were seated on alternate chairs 
with the middle chairs tied off with red ribbon to maintain 
social distance. Instruments such as the +90D lens, indirect 
ophthalmoscope with +20D lens, optical coherence tomography, 
fundus fluorescein angiography, keyboards, and computer screen 

were all cling-wrapped daily to prevent surface contamination 
and cross-viral infection. As perfectly highlighted in the article, 
during the pandemic and especially during the lockdown, 
elective surgeries were postponed and only emergency cases were 
operated on. The surgical teams followed a modified approach 
for ophthalmic surgery and anaesthesia to reduce COVID-19 
spread via aerosols. Phacoemulsification under topical anaesthesia 
was the preferred surgery and a COVID-19 reverse transcription 
polymerase chain reaction report was mandated for long-
duration surgeries like keratoplasty and vitreoretinal procedures. 
Peribulbar anaesthesia was avoided due to the risk of aerosol 
spread and subtenon’s anaesthesia was preferred for COVID-19-
negative patients, as positive patients can have COVID-19 in 
the conjunctival surface.3 The pandemic allowed us to innovate 
in tough times when there was a shortage of resources like 
masks, sanitizers, and personal protective equipment kits. At the 
beginning of the pandemic when there was an acute shortage of 
masks, we adapted with an innovative technique of sterilizing 
the respirators by using hydrogen peroxide and ultraviolet rays 
in a closed chamber of old condemned refrigerators. This proved 
beneficial to safeguard all the staff during the time of shortage. 
Mask-induced fogging is a known phenomenon and this was 
taken care of by using a simple solution that was applied over 
the microscope eyepiece to prevent mask-induced fogging while 
operating on the patients. There were numerous innovations in 
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the paediatric department, like the use of disposable IV tubing 
to make adjustable earloops for children; using a S12C mobile 
vision screener to safely screen patients by employing an acrylic 
sheet physically separating the screener and patient to protect 
the examiner; implementing slit-lamp shields to prevent aerosol 
transmission of the virus during close-contact examination;4 
and using head loupes to examine infants and small children 
from a safe distance. The authors nicely elaborated the details 
regarding the perception of patients and doctors regarding 
COVID-19 and provided valuable insight into the psychological 
aspect and knowledge perception of patients regarding COVID-
19. Similarly, we also performed a multicentric Knowledge, 
Attitude, and Practice (KAP) analysis regarding COVID-19 in 
patients presenting to our centre for a routine eye examination. 
We were able to demonstrate that the KAP score was high, about 
80%, in our population, but elderly high-risk and illiterate 
patients had significantly low KAP scores. Hence, education and 
awareness regarding COVID-19 presentation and manifestation 
among the masses is the key to safeguard everyone.5 The 
COVID-19 pandemic is a testing time for all of us globally. The 
deadly virus has challenged all of us mentally, physically, and 
emotionally. We have adjusted to the circumstances and learnt to 
adapt to unprecedented challenges. Once again we congratulate 
the authors for giving brilliant insights into the COVID-19 
situation in Turkey. By combined efforts, we can emerge as 
winners and make this world Corona free. 
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Dear Editor,
We have read with great interest the article by Kayıkçıoğlu 

et al.1 ‘‘Unintentional Staining of the Anterior Vitreous With 
Trypan Blue During Cataract Surgery’’.The article describes a 
rare complication of phacoemulsification surgery: staining of the 
posterior capsule and anterior vitreous with trypan blue during 
phacoemulsification surgery. We thank the authors for their 
work and would like to make some contributions with respect 
to trypan blue toxicity of the retina, which can also be seen after 
vitrectomy with many vital dyes including trypan blue.

It has been reported that some retinal changes may occur due 
to the use of trypan blue at high concentrations and exposure 
times.2,3 Lüke et al.2 showed reduction of b-wave amplitudes 
with the use of trypan blue in their electrophysiological study. 
Some morphological changes in the inner retinal layers were 
also demonstrated due to the use of high concentrations of 
trypan blue solutions in a postmortem study.3 These toxic 
effects may not cause any fundus abnormalities but can be 
detected by an electrophysiological examination such as 
electroretinogram. In their study, Kayıkçıoğlu et al.1 reported 
that retinal toxicity was not observed in these patients. It 
seems that an electrophysiological test was not performed to 
detect possible retinal toxicity in their study, which may have 
caused the retinal toxicity to be overlooked. In these patients, 
inadvertently toxic concentrations of trypan blue may have 
passed into the vitreous cavity and had a toxic effect due to the 
long exposure time, as vitrectomy was not performed in these 
patients. In addition, postoperative visual acuities ranged from 

0.4 to 0.9 in the patients described by the authors. None of 
the patients achieved a Snellen visual acuity of 1.0 or better 
in the postoperative period. The authors did not specify any 
finding that could affect the postoperative visual acuity of these 
patients. If there is no other finding to explain these levels of 
visual acuity in the postoperative period, this may also be a 
sign of toxic retinopathy caused by trypan blue inadvertently 
passing into the vitreous cavity.

As a result, electrophysiological examination should 
be performed to exclude retinal toxicity of any substance 
inadvertently applied to the vitreous cavity. We would like to 
congratulate the authors again for their interesting study and 
hope that our feedback will make a further contribution to the 
literature, especially in terms of retinal toxicity caused by vital 
dyes including trypan blue.
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Dear Editor,
We thank the authors for their contribution to our study. 

Unfortunately, we did not have chance to look for toxicity 
using electrophysiological tests, which might be more sensitive 
to detect subtle changes in function before morphologically 
observable derangements. It is probable that a small portion of 
the trypan dye injected into the anterior chamber reached the 
anterior vitreous cavity and theoretically was later diluted in 
about 4.5 cc of vitreous cavity fluid. Although vitrectomy was 
not performed, on clinical examination this dye disappeared 
quickly postoperatively. The cases were not routine cataract cases, 
so we attributed the acuity loss either to primary coexistent 
disease or difficulty in surgery.

We did not encounter significant retinal changes in fundus 
examinations and optical coherence tomography postoperatively; 
however, we cannot completely rule out toxic effects of trypan 

blue on the retinal cells without electrophysiological tests. 
This may be a possible cause of the moderate visual acuity 
levels reached by the patients, as the contributors justifiably 
mentioned.
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