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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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the article.
References: Authors are responsible for the accuracy of 
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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).
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current developments in ophthalmology and their scientific 
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abstract; they should not exceed 1,000 words and can have 
up to 5 references.
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2020 Issue 5 at a Glance;

This issue of our journal begins with a eulogy written by Turkish 
Ophthalmology Association president Professor İzzet Can, MD in 
memory of Professor M. Erol Turaçlı, MD, the doyen of our professional 
community who we lost due to COVID-19. This is followed by 6 
original research articles, 1 review, and 5 case reports. 

Infectious keratitis is a condition characterized by uncontrolled 
inflammation associated with the proliferation of bacteria, viruses, 
fungi, or parasites in the cornea due to impaired defense mechanisms 
for various reasons. Bacterial keratitis can result in severe vision 
loss and therefore, empirical antibiotherapy should be initiated 
early, without waiting for culture and smear results. Dikmetaş et al. 
retrospectively evaluated the medical records of 31 patients who were 
hospitalized and treated for bacterial keratitis. Of these, 20 patients 
(64.5%) received fortified cephalosporin (50 mg/mL cefazolin) and 
aminoglycoside (14 mg/mL gentamicin) combination therapy after 
nonresponse to initial treatment with fourth-generation fluoroquinolone 
(5 mg/mL moxifloxacin), while 11 patients (35.5%) received fortified 
therapy as first-line treatment. Superficial lesions showed faster 
response to treatment (p=0.037) and moderate correlations were 
observed between response to treatment and time to treatment 
initiation (r=0.527, p=0.184) and initial best corrected visual acuity 
(BCVA) (r=0.517, p=0.120). The authors noted that patients with 
initially low BCVA show poorer response to treatment and emphasized 
that fortified antibiotics still have a place in the treatment of bacterial 
keratitis and remain the best alternative to fluoroquinolone therapy 
(See pages 258-263).

Yılmaz et al. investigated the consistency between optical coherence 
tomography (OCT) (Spectralis, Heidelberg Engineering, Heidelberg, 
Germany) images and OCT angiography (OCTA) (AngioVue, Optovue 
Inc., Fremont, CA, USA) images for the measurement of retinal nerve 
fiber layer thickness (RNFLT) in patients with primary open angle 
glaucoma (POAG). Intraclass correlation coefficients used to test the 
agreement between the two devices indicated excellent agreement in 
the global average and the superior, inferior, and temporal quadrants 
and good agreement in the nasal quadrant. In contrast, in Bland-
Altman analysis there was poor agreement in all measurements due 
to the wide limits of agreement and statistically significant proportional 
bias (p>0.05), while linear regression analysis models showed strong 
association between peripapillary vessel density (VD) and RNFLT 
measured by both devices. The authors concluded that data obtained 
from the two devices should not be used interchangeably but stated 
that due to the strong correlation between VD and RNFL values with 
both devices, the AngioVue could be used in glaucoma management 
for the measurement of RNFLT as well as VD (See pages 264-270).

Uzlu et al. conducted a study evaluating the relationship between 
body position and intraocular pressure (IOP) values measured by 

rebound tonometry (RT) in healthy children. In the study, IOP values 
of 49 eyes of 49 healthy pediatric patients with normal ophthalmic 
examination findings were measured with RT in standing, sitting, and 
supine positions and there was no statistically significant difference 
between the measurements (p=0.846, p=0.751, p=0.606). However, 
there was a statistically significant correlation between corneal 
thickness and IOP values in all measurements (See pages 271-274).

A prospective study by Barış et al. aimed to determine the frequency 
of inadequate response to intravitreal (IV) anti-vascular endothelial 
growth factor (anti-VEGF) treatment in active neovascular age-related 
macular degeneration (nvAMD) and to define subgroups of poor 
responding eyes. A total of 235 eyes of 202 treatment-naive patients 
received ranibizumab and those with recurrence, persistence, or 
worsening despite treatment were classified as “poor responders.” 
The authors found that 78 eyes (33.2%) showed poor response 
and that the frequency of pigment epithelial detachment (PED) and 
occult choroidal neovascularization (CNV) was statistically significantly 
higher in eyes that responded poorly to treatment (p<0.001). This 
finding emphasizes that determining eyes’ pre-treatment characteristics 
and performing subgroup analysis will be beneficial to modify and 
improve treatment strategies in such cases (See pages 275-282).

Yılmaz Tuğan et al. analyzed changes in the reflectivity of the retinal 
pigment epithelium (RPE), ellipsoid zone (EZ), and outer limiting 
membrane (OLM) in OCT images and evaluated the relationship 
between reflectivity change and visual acuity improvement in 24 eyes 
of 24 patients with idiopathic full-thickness macular holes closed after 
vitrectomy. They observed significant increases in EZ reflectivity (absolute 
and relative) at postoperative 12 months compared to postoperative 1 
month and a significant positive correlation between the increase in 
EZ reflectivity and BCVA, and concluded that EZ reflectivity could be 
an indicator of functional and anatomical improvement after macular 
hole surgery (See pages 283-287).

Kalaycı evaluated the causes and frequency of blindness in the adult 
population of Somalia according to the criteria of the World Health 
Organization. Based on data from 2605 patients over the age of 18, 
the overall blindness rate was 9.8% and the most common causes 
in the monocular blindness group were trauma complication (23.6%), 
cataract (19%), and diabetic retinopathy (13.2%), while the most 
common causes in the bilateral blind group were cataract (26.9%), 
diabetic retinopathy (21.1%), and glaucoma (15.4%). It was noted 
that trauma is the most important cause of blindness in Somalia due 
to security conditions in the country (See pages 288-292).

Primary melanoma of the eye can occur in 4 different anatomical 
structures of the eye: the orbit, eyelids, conjunctiva, and uvea. 
Conjunctival melanoma is a rare disease that accounts for about 
%5 of all ocular melanomas. It can occur de novo or arise from a 
conjunctival nevus or primary acquired melanosis. In this issue’s review, 



A-VII

EDITORIAL

TURKISH
JOURNAL OF
OPHTHALMOLOGY

TJO

  
  

  TU
RKISH

  
  

ASS
OCIATION

  
   

1928

  
  
  
 O

PH
THALMOLOGICAL

Koç and Kıratlı address the clinical findings, differential diagnosis, 
diagnostic tools, and staging of conjunctival melanoma. They explain 
to the readers that biomicroscopic examination is indispensible in the 
diagnosis, identification of additional features, and follow-up of the 
disease while other imaging methods can be used as auxiliary tools, 
albeit with their own limitations (See pages 293-303).

Viral endotheliitis is endothelial inflammation and damage characterized 
by corneal edema, keratic precipitates (KPs), mild anterior chamber 
reaction, and elevated IOP. The main causes are herpes simplex virus 
(HSV), varicella zoster virus (VZV), mumps virus, and cytomegalovirus 
(CMV). CMV-associated endotheliitis can occur de novo or secondary 
to ocular surgery in immunocompetent individuals. Çelik Büyüktepe 
and Yalçındağ report a patient who was using local and systemic 
immunosuppressive agents due to graft rejection following penetrating 
keratoplasty and presented with localized corneal edema, coin-shaped 
KPs, and elevated IOP on examination at postoperative 4 years. 
CMV-DNA was detected by polymerase chain reaction analysis of 
an aqueous humor sample, and the patient was started on oral 
valganciclovir 900 mg twice a day, topical dexamethasone drops 5 
times a day, ganciclovir gel 5 times a day, and topical dorzolamide-
timolol drops twice a day. The patient’s graft edema and anterior 
chamber reaction resolved within 2 months of follow-up and IOP was 
controlled with topical therapy. The authors point out the fact that 
local or systemic immunosuppressants used after keratoplasty may 
trigger CMV reactivation, that CMV should be considered among 
the causes of viral endotheliitis, and ganciclovir therapy should be 
initiated immediately in cases with coin-shaped KPs (See pages 304-
307).

Kayıkçıoğlu et al. present 6 cases in which the trypan blue dye used to 
stain the anterior capsule migrated into the vitreous cavity and stained 
the posterior capsule and anterior vitreous during phacoemulsification 
and intraocular lens (IOL) implantation surgery. The IOL was implanted 
in the capsular bag with no problems in 5 of the patients, while 
the other patient had trauma-induced iris and zonular defects and 
a sutured IOL was implanted in the same session. With this case 
report, the authors emphasize that trypan blue staining of the posterior 
capsule and anterior vitreous can occur during phacoemulsification in 
eyes with risk factors related to cataract surgery as well as in eyes 
with no zonular pathology, and that the migration of trypan blue 
to the posterior segment can impair visualization of the posterior 
capsule and capsulorhexis and thereby increase the risk of operative 
complications (See pages 308-312).

Leber’s hereditary optic neuropathy (LHON) is a maternally inherited 
mitochondrial DNA-related disease. Characteristic findings in patients 
with asymptomatic and early-stage disease include optic disc 
hyperemia, vascular tortuosity, and peripapillary telangiectatic vessels. 
The increase in capillary vessel size and tortuosity in the optic disc 

suggests that the disease is a neurovascular disorder. In 2 male 
LHON patients aged 28 and 8 years, OCTA revealed capillary 
dropout areas and reduced radial peripapillary capillary density in the 
quadrants that showed reduced RNFLT on OCT. Progressive decrease 
in radial peripapillary capillary density and RNFLT were demonstrated 
in the patients’ 12- and 30-month follow-up. Bingöl Kızıltunç et al. 
note the importance of OCTA imaging in the evaluation of changes 
in LHON patients and asymptomatic carriers (See pages 313-316).

Koçer et al. describe a 12-year-old boy under follow-up for amblyopia 
who presented with low vision in his left eye and was found to have 
BCVA of 1.0 in the right eye and 0.3 in the left eye. Increased 
horizontal cup-to-disc ratio was observed in both optic discs on 
dilated fundus examination, RNFLT measurement showed diffuse nerve 
fiber loss, and bitemporal hemianopsia was detected in visual field 
test. Magnetic resonance imaging revealed a lesion that filled and 
widened the sella and suprasellar cistern and compressed the optic 
chiasm, and the patient underwent surgery via transcranial approach. 
The pathologic diagnosis was craniopharyngioma. The authors 
recommended using additional tests before making a diagnosis of 
amblyopia in children with suspicious examination findings and 
inadequate cooperation (See pages 317-320).

Foveal hypoplasia is defined as the underdevelopment of the fovea 
and is characterized by nystagmus with low visual acuity. It is 
usually associated with optic nerve hypoplasia, familial exudative 
vitreoretinopathy (FEVR), Stickler syndrome, albinism, aniridia, and 
microphthalmia. It can also be isolated, occurring in the absence 
of any other pathology. Değirmenci et al. examined a 19-year-old 
young man who presented with the complaint of nonprogressive visual 
impairment but exhibited no marked anterior or posterior segment 
pathology except for low visual acuity and bilateral latent nystagmus. 
On OCT imaging, they found that the foveal pit was absent in both 
eyes, OCTA showed that the foveal avascular zone and central black 
gap were absent, and there was no hypoautofluorescence in the area 
corresponding to the fovea in fundus autofluorescence images. The 
authors diagnosed the patient as having foveal hypoplasia based on 
these findings and emphasized the importance of evaluating patients 
with low visual acuity using multimodal imaging methods (See page 
321-323).

We hope you will find the articles featured in our fifth issue this year 
interesting and guiding in your professional practice.

Respectfully on behalf of the Editorial Board,

Özlem Yıldırım, MD 



In Memory of Professor M. Erol Turaçlı, MD

On October 5, 2020, Turkish ophthalmology lost Professor 
M. Erol Turaçlı MD, the doyen and honorary president of the 
Turkish Ophthalmology Association (TOA). Having reached the 
highest and most respected position in our association, he 
leaves behind an indelible legacy. 

Prof. Turaçlı was born in 1939 in Niksar, Turkey. He completed 
his elementary, middle, and high school education in Ankara, 
graduated from Ankara University Faculty of Medicine in 
1964, and started his specialty training in ophthalmology in 
the same year. He completed his specialization and became 
an ophthalmologist in 1967. From 1969 to 1971, he worked 
as a researcher at Glasgow University in Scotland and later 
at the University of Amsterdam in the Netherlands. He became 
an associate professor in 1974 and achieved professorship in 
1979. Our esteemed teacher expressed his pioneering status 
in the clinic with the following statement at his retirement 
ceremony in 2006: “In the new Ophthalmology Department 
and Eye Bank of Ankara University Faculty of Medicine, opened 
in 1963, and under the late Professor Cahit Örgen, I was 
his first resident, first specialist, first associate professor, and 
first professor.” After retiring, Prof. Turaçlı worked until 2015 
as a founding faculty member and head of the ophthalmology 
department of Ufuk University Faculty of Medicine. He is 
survived by his wife and two children. 

Prof. Turaçlı was a leader in the advancement of glaucoma 
diagnosis and treatment in Turkey. While still a resident in 
1966, he established the glaucoma unit in the Ankara Faculty of 
Medicine. During the creation of the TOA training subsocieties, 
he established the glaucoma society and became the chair 
of its first executive board. He would hold that office until 
2006. With his numerous academic activities both in Turkey 
and abroad, he became a source of pride for our country 

in this field. Prof. Turaçlı has more than 200 national and 
international publications, authored book chapters, and served 
as editor or advisory board member for many ophthalmology 
books and journals. In addition, he undertook the role of 
organizing as well as making major scientific contributions at 
numerous national and international congresses and meetings.

He was physician to our late President Süleyman Demirel and 
the late President of Azerbaijan Heydar Aliyev, whose ocular 
diseases he followed up and treated for many years. 

His most important contributions to ophthalmology in our country 
were realized within the TOA. He served as TOA Ankara 
Regional Branch Chair for 5 terms and as TOA President for 
3 terms. In 1981, while serving as the Ankara Branch Chair, 
he started the TOA Ankara Regional Branch National April 
courses, a tradition that will be held for the 40th time next 
year. Publishing the lectures presented at these courses in book 
form has also become a tradition and continues to have a 
substantial role in promoting ophthalmology education in our 
country.

Prof. Turaçlı is one of the key figures cultivated by the Republic 
of Turkey. He was a public-minded person. The aid he sent 
to earthquake-affected areas and the eponymous science 
high school he funded in his hometown of Niksar in the 
Tokat province also serve as examples of his philanthropic 
contributions to our country. 

Turkish ophthalmology will not forget its revered teacher and 
honorary president, lost due to the COVID-19 pandemic while 
still professionally active. To keep the memory of Prof. M. Erol 
Turaçlı alive, the TOA Administrative Board has decided to hold 
a memorial conference in his name each year during the April 
courses he founded.

We offer our sincerest condolences to the entire community 
and to his colleagues and family. His contributions to our 
country, our association, and all ophthalmologists will never 
be forgotten.

On behalf of the TOA,

Professor İzzet Can, MD

TOA President
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Introduction

Infectious keratitis is a condition characterized by 
uncontrolled inflammation associated with the proliferation of 
bacteria, viruses, fungi, or parasites in the cornea due to impaired 
defense mechanisms for various reasons.1,2,3 If not diagnosed 
accurately and treated early, it can result in severe vision loss.3 
The annual incidence is 6.3-710 per 100,000, with higher rates 

among contact lens users.1,4,5,6,7,8 Although culture and smear are 
frequently used in the diagnosis of keratitis, accurate and rapid 
diagnosis is currently made with polymerase chain reaction and 
in vivo confocal microscopy.7 

Bacterial keratitis is infectious keratitis caused by bacteria. 
Staphylococcus aureus and Streptococcus pneumoniae, which are 
frequently associated with eyelid and tear film problems, and 
Pseudomonas aeruginosa, which is frequently seen as a result of 
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Objectives: Topical application of fluoroquinolone antibiotics is thought to be as effective as fortified antibiotics. The aim of this study 
was to evaluate the efficacy of fluoroquinolones as an alternative to fortified antibiotic therapies.
Materials and Methods: The medical records of 31 patients who were hospitalized in our department due to bacterial keratitis 
were retrospectively reviewed. Fluoroquinolone was started as the first treatment for 20 (64.5%) patients and upon no response fortified 
antibiotic was initiated, and 11 (35.5%) patients were started with fortified treatment. Cultures and smears were recorded before 
treatment. Lesions were evaluated as superficial or deep according to their depth. Treatment response was evaluated based on reduction 
of infiltrate depth and size, change in visual acuity, and regression of hypopyon.
Results: Central, paracentral, and peripheral location were detected in 9 (29.0%), 10 (32.2%) and 12 (38.7%) eyes, respectively. 
According to lesion depth, 15 (48.3%) were deep and 16 (51.6%) were superficial. Response of superficial lesions was found to be 
statistically earlier (p=0.037). Culture was positive in 9 (29.0%) eyes. The initial best corrected visual acuity (BCVA) was 0.5±0.7 
logMAR (-0.1-2.3) and 0.3±0.3 logMAR (-0.1-0.9) after treatment. Treatment response showed moderate but statistically nonsignificant 
correlation with time to treatment initiation and initial BCVA (r=0.527, p=0.184; r=0.517, p=0.120).
Conclusion: Although fluoroquinolones are the first choice for the treatment of bacterial keratitis, fortified antibiotics have been 
shown to be effective in patients who do not respond to treatment. Fortified therapy should be kept in mind in the treatment of bacterial 
keratitis.
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contact lens use, are common causative agents.1 Hospitalization 
of the patient may be preferable because the condition requires 
fast and effective treatment after diagnosis. In particular, it 
is more appropriate to hospitalize patients who have central 
corneal involvement, rapid progression, clinical signs of virulent 
bacteria, and those who are unlikely to have adequate care at 
home.9 The aim of treatment is to eliminate the causative agent 
and ensure minimal structural damage.9 Treatment should be 
started immediately after obtaining a corneal sample. Due to the 
possibility of rapid progression and poor prognosis, empirical 
antibiotic therapy should be initiated in patients those pathogen 
is undetermined. 

Numerous antibiotics can be used in the treatment of 
keratitis. These antibiotics should be bactericidal and have 
low toxicity to ocular tissues. Therefore, fortified antibiotic 
combination therapies are used after analyzing their effectiveness 
against gram-positive and gram-negative bacteria.9 First-
generation cephalosporins (especially cefazolin), glycopeptides 
(vancomycin), aminoglycosides, and fluoroquinolones are 
used for gram-positive bacteria, while aminoglycosides and 
fluoroquinolones are used for gram-negative bacteria.10,11 
Fluoroquinolones have also been used because they act against 
both gram-positive and gram-negative bacteria and provide high 
treatment success with a single drug.10,11 However, although 
the probability of developing resistance was expected to be 
lower than other bacteria, resistance develops more rapidly. The 
most important disadvantage of fluoroquinolones was their low 
activity against gram-positive bacteria, especially streptococci, 
but this activity was improved with the development of fourth-
generation fluoroquinolones.10,11 

The current study aimed to demonstrate the effectiveness 
of fortified antibiotic combination therapy, which is now less 
preferred than fluoroquinolones.12 The objective was to evaluate 
the efficacy of this treatment in cases of bacterial keratitis 
initially treated with fourth-generation fluoroquinolone therapy 
or with fortified aminoglycoside/cephalosporin therapy.

Materials and Methods

This study was performed after obtaining approval from the 
Hacettepe University Faculty of Medicine Ethics Committee (no. 
GO 17/264) and adhered to the principles of the Declaration 
of Helsinki. The medical data of patients who presented to the 
Cornea Unit of the Hacettepe University Faculty of Medicine 
Department of Ophthalmology were evaluated retrospectively. 
Of these patients, those who had previously started treatment, 
those treated at another center, those with systemic comorbidity, 
contact lens users, and those with other ocular surface diseases 
were excluded. Causes of keratitis include bullous keratopathy, 
recurrent corneal epithelial defect, trauma-induced epithelial 
defect, and blepharitis. A total of 31 patients who presented 
directly to our hospital, had not been treated previously, and 
were treated in our clinic were included in the study. 

Treatment with a fourth-generation fluoroquinolone (5 mg/
mL moxifloxacin) or fortified cephalosporin (50 mg/mL cefazolin) 

and aminoglycoside (14 mg/mL gentamicin) combination 
therapy was initiated. Fortified antibiotics were prepared daily 
for use. All patients received 1 drop every 15 minutes for the first 
6 hours, hourly day and night for 48 hours, hourly during the 
day for the next 3 days, and tapered thereafter depending on the 
clinical course. Patients who did not respond to fluoroquinolone 
within the first 72 hours were switched to fortified antibiotic 
therapy.13 This applied to all cases. The patients were given no 
other treatment before these medical treatments. None of the 
patients received steroid therapy. 

The patients’ best corrected visual acuity (BCVA), intraocular 
pressure, and anterior and posterior segment examination 
findings were evaluated. In addition, culture and smear results 
were analyzed. Deep and superficial corneal infiltration were 
differentiated based on the involvement of half or more of the 
full corneal thickness in the biomicroscopic examination.14 
Treatment response was evaluated based on the reduction in 
the depth and size of the corneal infiltrate, regression of corneal 
edema, change in visual acuity, anterior chamber inflammation, 
and regression of hypopyon.15 Patients with infiltrates located in 
the central cornea and larger than 2 mm and all patients started 
on fortified antibiotic treatment were hospitalized for treatment.

Statistical Analysis
For descriptive statistics, continuous variables were expressed 

as mean and standard deviation, and categorical variables as 
number and percentage. Categorical variables (lesion depth, 
hypopyon, lesion localization) were compared using chi-square 
test. Relationships between categorical variables and numerical 
variables were analyzed using eta correlation coefficient. The 
level of significance was accepted as p<0.05. Analyses were 
performed using IBM SPSS version 21.0.

Results

At diagnosis, the mean age of the patients (18 males and 
13 females) was 49.1±24.2 (3-88) years. Mean BCVA was 
0.5±0.7 (-0.1-2.3) logMAR (logarithm of the minimum angle 
of resolution) before treatment and 0.3±0.3 logMAR (-0.1-0.9) 
after treatment. Subgroup analysis based on 4 age groups (0-16, 
17-50, 51-80, and >81 years) revealed no significant correlation 
between age and initial or final BCVA (r=0.325, p=0.074; 
r=-0.254, p=0.201). There were no significant differences in 
initial or final BCVA among the age groups (p=0.695, p=0.096). 
Mean treatment duration was 3.2±0.3 (1-10) weeks. Three 
patients had short follow-up periods and it was noted that 
these patients had peripheral and superficial infiltrates. In these 
patients’ final follow-up examination, their BCVA was perfect 
and the lesions had resolved. The general demographic and 
clinical characteristics of the patients are summarized in Table 1. 

For 64.5% (20/31) of the patients, fourth-generation 
fluoroquinolone therapy was used as first-line treatment and 
fortified aminoglycoside/cephalosporin treatment was initiated 
after no response was obtained. Of these 20 eyes, infiltrates 
were peripheral in 12 (60%) and paracentral in 8 (40%); 
none had central lesions. BCVA in these eyes was 0.3±0.2 
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(-0.1-0.7) logMAR before treatment and 0.2±0.3 (-0.1-0.9) 
logMAR after treatment. The mean follow-up period for 
these patients was 3.5±0.3 (3-6) weeks. In the entire study 
group, treatment response showed moderate but statistically 
nonsignificant correlation with time to treatment initiation and 
initial BCVA (r=0.527, p=0.184; r=0.517, p=0.120). Earlier 
initiation of treatment was associated with better treatment 
response. Patients with low initial BCVA had lower final BCVA 
and poor treatment response in terms of corneal infiltrates. 

When corneal smear and culture results were examined, 
microorganisms were detected in the smears of 6 eyes (19.3%) 
and culture was positive in 9 eyes (29%). Of the microorganisms 
demonstrated, 6 (66.6%) were gram-positive bacteria and 3 
(33.3%) were gram-negative bacteria; no fungi or parasites 
were detected (Table 2). The most common pathogen was 
Staphylococcus epidermidis, followed by Streptococcus mitis, P. 
aeruginosa, Klebsiella pneumoniae, and Haemophilus influenzae. 
According to culture results, S. aureus keratitis was seen in only 
1 patient, whose final BCVA was lower than the initial level. 

Keratitis foci were located centrally, paracentrally, and 
peripherally in 9 (29%), 10 (32.2%), and 12 (38.7%) of the 
eyes, respectively, and hypopyon was detected in 5 eyes (16.1%). 
Presence of hypopyon in the anterior chamber was found to be 

associated with poor treatment response (p=0.001). According to 
lesion depth, 15 (48.3%) of the lesions were deep and 16 (51.6%) 
were superficial. Superficial lesions showed significantly faster 
response to treatment (p=0.037). Three patients (9.6%) who 
did not respond to treatment underwent amniotic membrane 
transplantation. These 3 patients had BCVA of 2.3, 2.3, and 0.9 
logMAR before treatment and 0.9, 0.9, and 0.9 logMAR after 
treatment, respectively.

Discussion

This study demonstrated the effectiveness of fortified 
aminoglycoside/cephalosporin combination therapy in eyes with 
bacterial keratitis when used as first-line treatment or after non-
response to fourth-generation fluoroquinolone therapy. Of the 
patients included in the study, 64.5% (20/31) were first treated 
with fourth-generation fluoroquinolone, while 35.5% (11/31) 
received fortified aminoglycoside/cephalosporin combination 
therapy as first-line treatment. Patients in the fluoroquinolone 
group who did not respond to treatment were treated with 
fortified aminoglycoside/cephalosporin. In total, 90.3% (28/31) 
of the patients responded to treatment, while 9.6% (3/31) did 
not. These 3 non-responders underwent amniotic membrane 
transplantation and their visual acuity remained stable. As 

Table 1. Demographic and clinical characteristics

Fortified aminoglycoside/cephalosporin 
therapy after 4th-gen FQ 
(n=20) 

First-line fortified aminoglycoside/
cephalosporin therapy
(n=11) (mean ± SD, range)

Sex (male/female) (mean ± SD, range) 13/7 5/6

Mean age (years) (mean ± SD, range) 46.9±22.3 (3-80) 50.3±20.4 (8-88)

Initial VA (logMAR) (mean ± SD, range)
<0.7 (n, %)
0.25-0.7 (n, %)
>0.25 (n, %)

0.3±0.2 (-0.1-0.7)
12 (60)
7 (35)
1 (5)

0.9±0.7 (-0.1-2.3)
7 (63.7)
0 (0)
4 (36.3)

Final VA (logMAR) (mean ± SD, range) 0.2±0.3 (-0.1-0.9) 0.3±0.3 (-0.1-0.9)

Treatment duration (weeks) 3.5±0.3 (3-6) 4.6±1.5 (1-10)

Keratitis location (n, %)
Central
Paracentral
Peripheral

0 (0)
8 (40)
12 (60)

9 (81.8)
2 (18.2)
0 (0)

Lesion depth 
Deep (n, %)
Superficial (n, %)

4 (20)
16 (80)

11 (100)
0 (0)

Culture isolate (n, %) 7 (35)
Haemophilus influenzae, Klebsiella pneumoniae, 
Staphylococcus epidermidis, Staphylococcus aureus

2 (18.1)
Pseudomonas aeruginosa, Streptococcus mitis

Antibiogram 1 patient resistant to piperacillin and imipenem,
3 patients sensitive to cephalosporins, 
aminoglycosides, and fluoroquinolones,
3 patients sensitive to cephalosporins and 
aminoglycosides

2 patients sensitive to cephalosporins, 
aminoglycosides, and fluoroquinolones

FQ: Fluoroquinolone, SD: Standard deviation, VA: Visual acuity, LogMAR: Logarithm of minimal angle of resolution, n: number, %: percentage
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for the reasons for nonresponse to treatment, deep lesions and 
presence of hypopyon were found to be significant in our study. 

Similar to our study, Karalezli et al.16 administered 
fluoroquinolone or aminoglycoside/cephalosporin combination 
therapy separately to both groups and compared their efficacy, 
and they did not detect any statistically significant differences 
between these two antibiotic groups. Unlike other studies, in 
the present study we evaluated the outcomes of patients who 
were first treated with fourth-generation fluoroquinolone and 
switched to fortified aminoglycoside/cephalosporin combination 
therapy after non-response to treatment, compared to patients 
who used fortified aminoglycoside/cephalosporin combination as 
first-line treatment. 

Because bacterial keratitis can result in severe vision loss, 
empirical antibiotic treatment should be initiated early, without 
waiting for culture and smear results.15 Although the culture 
positivity rate in keratitis varies in studies conducted worldwide, 
the mean rate is around 30-50%.17,18 In our study, the positive 
culture rate was 29% (9/31). 

Broad-spectrum antibiotic monotherapy has gained 
popularity due both to its practicality and the notion that 
administering a single drug will reduce adverse effects. Fourth-
generation fluoroquinolones are frequently used for this purpose. 
Fluoroquinolone formulations are also preferred as monotherapy 
due to their broad-spectrum activity, stability at room 
temperature, convenience for patients, low cost, and solution 
stability features.19 Fluoroquinolones are therapeutic agents with 
very good tissue penetration and the least ocular toxicity.20 The 
main problem with drugs applied to the ocular surface is being 
able to reach the effective dose in the cornea. Topical agents 
may have low bioavailability for this reason. The mucoadhesive 
polymeric hydrogel formulations used with fluoroquinolones 
facilitate the drug reaching the therapeutic dose in the cornea.21 
They exert their effect by inhibiting bacterial DNA synthesis.10 

While first-generation fluoroquinolones mainly act against 
gram-negative bacteria, new-generation fluoroquinolones 
have increased activity against gram-positive bacteria, but 
their effectiveness against Pseudomonas strains could not be 
increased. At present, the most effective fluoroquinolone against 
Pseudomonas strains is ciprofloxacin, a second-generation 

fluoroquinolone.22 Kowalski et al.23 showed that moxifloxacin 
and gatifloxacin, both fourth-generation fluoroquinolones, were 
more effective against gram-positive and gram-negative bacteria, 
respectively, compared to other generations of fluoroquinolones. 

Previous studies show that despite their effectiveness, the 
development of resistance against fluoroquinolones has become 
an important problem.24,25 With this group of antibiotics, 
sufficient gram-positive/gram-negative activity cannot be 
achieved against all microorganisms when administered alone 
and resistance may develop quickly.26 Due to differing effects 
of fluoroquinolones against gram-negative and gram-positive 
bacteria and the important problem of antibiotic resistance, the 
known effectiveness of fortified aminoglycoside/cephalosporin 
combination antibiotics is still preferable, as our study also 
suggests. 

Aminoglycosides are mainly effective against gram-negative 
bacteria and inhibit protein synthesis by binding to the 30S 
subunit of bacterial ribosomes.27 Although gentamicin is 
frequently used, tobramycin and amikacin may be preferred in 
case of resistance. Tobramycin in particular is an important option 
from the aminoglycoside group of drugs that is preferred for its 
marked effectiveness against P. aeruginosa.27 Aminoglycosides 
are often combined with beta-lactam antibiotics to increase 
their bactericidal activity.27 Cephalosporins are a group of 
antibiotics related to beta-lactams that show a dose-dependent 
effect by inhibiting cell wall synthesis.28 They act against both 
gram-positive and gram-negative bacteria. Fourth-generation 
cephalosporins in particular have a broad spectrum of activity 
and may be preferable in patients with antibiotic resistance. 

Hanet et al.11 conducted a literature review analyzing 8 
randomized and 5 nonrandomized studies and in their comparison 
of fluoroquinolones and fortified antibiotics, they demonstrated 
fluoroquinolones is appropriate as an alternative, second-line 
treatment option to fortified antibiotics. Constantinou et al.29 
found that fortified antibiotic treatment and second-generation 
fluoroquinolone-derivative antibiotics were similarly effective. 
Unlike our study, these studies directly compare two different 
treatment methods. However, in our study we evaluated the 
effectiveness of fortified aminoglycoside/cephalosporin after 
nonresponse to fluoroquinolones in one group. Based on this, 
fortified antibiotics may be a preferable option, especially to 
prevent the problem of antibiotic resistance. 

In our study, we also observed that most keratitis patients 
who did not respond to initial treatment with fluoroquinolone 
responded to fortified antibiotics. Patients whose treatment was 
started early had better final visual acuity and corneal infiltrate 
response to treatment. This may be related to the fact that 
in patients who presented earlier, corneal lesions induced less 
inflammatory response during this period. 

Sharma et al.30 also compared the efficacy of gatifloxacin 
and tobramycin-cefazolin fortified antibiotic therapy in keratitis 
eyes and reported that they were equally effective and not 
substantially different in cost in developed countries. However, 
despite the equal effectiveness in these studies, the preference of 
new generation fluoroquinolone-derivative agents as first-line 

Table 2. Culture results

Pathogen n (%)

Gram-negative bacteria 3 (33.3)

Pseudomonas aeruginosa 1 (3.2)

Haemophilus influenzae 1 (3.2)

Klebsiella pneumoniae 1 (3.2)

Gram-positive bacteria 6 (66.6)

Staphylococcus epidermidis 4 (12.9)

Staphylococcus aureus 1 (3.2)

Streptococcus mitis 1 (3.2)

Negative culture 22 (70.9)

n: number, %: percentage
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treatment should be limited due to resistance. Our study showed 
that fortified therapy was effective in cases of bacterial keratitis 
that were unresponsive to fourth-generation fluoroquinolones 
and those initially treated with fortified aminoglycoside/
cephalosporin combination. In patients who do not respond 
to fluoroquinolones, fortified antibiotic therapy should be 
considered as an option.

Study Limitations
The main limitations of this study are its retrospective design, 

absence of a control group, low culture positivity rate, inability 
to evaluate treatment adherence in patients not hospitalized 
during fluoroquinolone treatment, and not performing drug 
stability assessment. 

Conclusion
In light of the studies in the literature, we conclude that 

fortified antibiotics still have a place in the treatment of bacterial 
keratitis and remain the best alternative to fluoroquinolone 
therapy. This study emphasizes that fortified antibiotic therapy 
must be kept in mind and its effectiveness not forgotten.
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Introduction

Optical coherence tomography (OCT), first invented in 

1991, allows imaging and analysis of the retinal nerve fiber layer 

(RNFL).1 Given the fact that functional visual field loss cannot 

be detected until up to 40% RNFL loss, analysis of the RNFL 
has great importance for the early detection of glaucoma.2,3,4,5,6 

With technological advances, time domain OCT, which has 
a scanning speed of 400 A-scans/s, has been replaced by spectral 
domain OCT (SD-OCT), with an improved scanning speed 

Objectives: To investigate the agreement between optical coherence tomography (OCT) and OCT-based angiography in estimating 
retinal nerve fiber layer thickness (RNFLT) and evaluate the associations between peripapillary vessel density (VD) and RNFLT 
measurements obtained with both devices.
Materials and Methods: The AngioVue (Optovue Inc., Fremont, CA, USA) and Spectralis (Heidelberg Engineering, Heidelberg, 
Germany) images of 325 patients were screened retrospectively. RNFLT values were recorded using both devices. The intraclass correlation 
coefficient (ICC) and Bland-Altman plots were obtained to investigate the agreement between the devices. Age- and intraocular pressure-
corrected associations between VD and RNFLT measured by the two devices were analyzed using linear regression models.
Results: ICC revealed excellent agreement for global, superior, inferior, and temporal RNFLT and good agreement for the nasal quadrant 
(ICC=0.895, 0.936, 0.923, 0.887, and 0.614, respectively). The Bland-Altman plots showed poor agreement for all measurements with 
a large span of limits of agreement and significant proportional bias (p<0.05). VD was found to be strongly associated with the RNFLT 
measurements of both devices (p<0.001).
Conclusion: The disagreement between the devices should be considered in clinical practice, and the data should not be used 
interchangeably. The association of the peripapillary VD with RNFLT using both devices indicated that RNFLT assessed by the 
AngioVue could be used in glaucoma management along with VD.
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of 29,000 to 55,000 A-scans/s, in ophthalmological practice.7 
Recently, the advent of OCT angiography (OCTA) has enabled 
the noninvasive visualization of the retinal and peripapillary 
vessels, as well as analysis of structural parameters such as 
RNFL thickness (RNFLT) in the same scan.8,9 Using OCTA, 
the reduction of vessel density (VD) and blood flow index in 
glaucomatous eyes has been well documented in numerous 
studies.10,11 Furthermore, it was established by previous studies 
that OCT and OCTA both have excellent repeatability and 
reproducibility.12,13,14,15,16

There are limited data about the structural measurements 
of peripapillary parameters such as RNFLT using the OCTA 
scanning module. It is very important for clinicians to determine 
whether OCTA could be used only for the vascular network 
assessment of the retina and optic nerve head (ONH) and 
whether this can replace traditional OCT for monitoring 
glaucoma patients. Therefore, the aim of the present study was to 
investigate the agreement between SD-OCT scans and SD-OCT-
based OCTA system scans for RNFLT measurement in subjects 
with primary open-angle glaucoma (POAG).

Materials and Methods

The present study was conducted after receiving the 
approval of the Institutional Non-interventional Research 
Ethics Committee of The Health Sciences University and was 
conducted in agreement with the principles of the Declaration 
of Helsinki. The study was designed retrospectively, and patients 
with a diagnosis of POAG or glaucoma suspect (GS) who visited 
our glaucoma clinics between January 2018 and August 2019 
and underwent OCT and OCTA scans during this visit were 
identified from the hospital records. The exclusion criteria were 
as follows: age under 18 years, refractive error greater than ±3 
diopters, presence of any other ophthalmological pathology 
that could confound the assessment results (e.g., diabetes or 
hypertensive retinal diseases, amblyopia, optic nerve anomalies, 
optic neuropathies other than glaucoma, and age-related macular 
degeneration), SD-OCT signal strength <20 for Spectralis, and 
OCTA signal strength <70 for AngioVue. 

Assessment of RNFLT Using SD-OCT
Spectralis OCT (version 4.0) (Heidelberg Engineering, 

Heidelberg, Germany) was used for the measurement of RNFLT. 
This device has an A-scan rate of 40,000/s using a light source of 
820 nm. An en face image focusing on the ONH was generated 
using a confocal scanning laser ophthalmoscope, and after a 3.4-
mm circle was centered on the ONH, 15 images were acquired 
under high resolution settings and averaged automatically by 
the built-in software. After the scan was completed, global and 
quadrantal RNFLT values were recorded in accordance with the 
temporal-superior-nasal-inferior-temporal (TSNIT) chart. 

Assessment of RNFLT Using OCTA
OCTA scan acquisition was performed using an AngioVue 

OCTA system (Optovue Inc., Fremont, CA, USA) with an 

A-scan rate of 70,000/s using a light source of 840 nm. En face 
images were acquired focusing on the ONH (4.5 mm x 4.5 mm) 
using the Angio Disc QuickVue module. Each scan contained 
400x400 A-scans with two following B-scans at each fixed 
location. To reduce motion artifacts, each image consisted of one 
orthogonal horizontal and vertical scan.

OCTA provides RNFLT and peripapillary VD data in 
the same scan. After the scanning was completed, in addition 
to the VD of the global retinal peripapillary capillary plexus 
(RPCP), global and quadrantal RNFLT values were recorded in 
accordance with the TSNIT chart.

Statistical Analyses
Quantitative variables were expressed as mean and standard 

deviation (SD), and qualitative variables as percentages. The 
paired t-test was used to compare the results of the two devices. 
The magnitude of the disagreement between the Spectralis and 
the AngioVue data was estimated as the mean absolute difference 
of the global and quadrantal RNFLT values. The agreement 
between the corresponding Spectralis and AngioVue data was 
calculated using intraclass correlation coefficient (ICC). Absolute 
ICCs based on the mixed model analysis of variance were used in 
the present study. An ICC value less than 0.4 was considered to 
indicate poor agreement, 0.4 to 0.75 as fair to good agreement, 
and a value greater than 0.75 as excellent agreement.17 ICC 
calculations were performed before and after the subjects were 
divided into the POAG and GS groups. The Shapiro-Wilk test 
was used to determine whether the differences in corresponding 
Spectralis and AngioVue data were normally distributed. Bland-
Altman plots were used to assess the agreement between 
Spectralis and AngioVue in terms of RNFLT measurements. 
One-sample t-test was performed to reveal the differences 
before the Bland-Altman plots were created.18 Then, the linear 
regression analyses of the Bland-Altman plots were performed to 
determine the significance of the proportional biases. Age- and 
intraocular pressure (IOP)-corrected linear regression models 
were created to analyze the associations between RNFLT data and 
the small VD of the RPCP. The results of the regression results 
were obtained with coefficients (B), 95% confidence intervals 
(CI), and p values. All statistical analyses were undertaken using 
IBM SPSS Statistics version 21 (IBM Corp., Armonk, NY, USA). 
A p value less than 0.05 was considered statistically significant.

Results

Of the 386 patients that met the inclusion criteria, a total 
of 325 patients (52% female, mean age 61.4±18.7 years) were 
included in the study, and only 1 eye of each patient (with better 
SD-OCT and OCTA quality) was included in the statistical 
analysis. Of these 325 eyes, 218 were diagnosed as having POAG 
and 107 as GS.

Table 1 presents the mean global and quadrantal RNFLT 
values obtained with AngioVue and Spectralis, the mean 
differences between the measurements of the two devices, and the 
results of the paired t-test. The devices significantly differed in 
all RNFLT parameters (p<0.001). AngioVue tended to measure 
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RNFLT thicker than Spectralis in all quadrants. The global, 
superior, nasal, inferior, and temporal RNFLT measurements 
of the two devices were all positively and strongly correlated 
(R=0.948, 0.908, 0.764, 0.920, and 0.824, respectively).

The mean small VD of the RPCP was 47.97% for the whole 
sample, 45.84% for the POAG patients, and 51.24% for the 
GS patients. VD was significantly lower in the POAG group 
compared to the GS group (p<0.001, Student’s t-test).

Agreement Between SD-OCT and OCTA
The results of the ICC analyses are presented in Table 2. 

There was excellent agreement between the two devices for all 
RNFLT measurements (ICC=0.895 for global RNFLT, 0.936 for 
superior, 0.923 for inferior, and 0.887 for temporal) except the 
nasal quadrant, for which the agreement was good (ICC=0.614). 
The rates of agreement were higher for the POAG patients than 
GS cases (Table 2).

Figure 1 presents the scatter plot of AngioVue versus 
Spectralis in terms of global, superior, nasal, inferior, and 
temporal RNFLT along with the Bland-Altman plots of these 
parameters. The Bland-Altman plots showed that the mean bias 

± SD between the measurements of AngioVue and Spectralis was 
10.74±6.56 for global RNFLT, and 6.35±12.47, 21.39±12.78, 
10.53±11.91, and 4.29±9.86 for superior, nasal, inferior, and 
temporal RNFLT, respectively. The limits of agreement (LOA) 
were -2.11 -23.59 for global RNFLT, -18.09 -30.79 for superior, 
-3.67 -46.45 for nasal, -12.99 -33.69 for inferior and -15.03 
-23.61 for temporal RNFLT. The Bland-Altman plots revealed 
the slope of the regression line as 0.13, 0.11, 0.18, 0.12, and 
-0.04 for global, superior, nasal, inferior, and temporal RNFLT, 
respectively, indicating that AngioVue tended to provide 
thicker RNFLT values than Spectralis except for the temporal 
quadrant, where the opposite result was obtained. The linear 
regression analyses of the proportional bias were all statistically 
significant except for the temporal quadrant (p<0.001 for global, 
inferior, and nasal RNFLT, p=0.014 for superior RNFLT and 
p=0.407 for temporal RNFLT). The wide spans of LOA and 
the statistically significant proportional biases suggested poor 
agreement between AngioVue and Spectralis. However, for the 
temporal quadrant, the disagreement between the two devices 
seemed to be much more tolerable.

Table 1. Mean values of the AngioVue and spectralis OCT measurements of the RNFLT and the paired t-test results

AngioVue (SD) Spectralis (SD) Difference (SD) p

Global (mm) 93.02 (20.13) 82.27 (17.70) 10.74 (6.56) <0.001

Superior (mm) 106.32 (29.69) 99.97 (26.69) 6.35 (12.47) <0.001

Nasal (mm) 83.27 (16.33) 61.87 (19.83) 21.39 (12.78) <0.001

Inferior (mm) 112.28 (30.34) 102.81 (26.97) 10.53 (11.91) <0.001

Temporal (mm) 69.96 (16.33) 65.67 (16.87) 4.29 (9.86) <0.001

RNFLT: Retinal nerve fiber layer thickness, SD: Standard deviation, OCT: Optical coherence tomography

Table 2. Intraclass correlation coefficient (ICC) values between AngioVue and spectralis measurements

ICC 95% CI (lower/upper bounds) p

Global Total 0.895 0.876/0.962 <0.001

POAG 0.900 0.894/0.944 <0.001

GS 0.756 0.521/0.872 <0.001

Superior Total 0.936 0.646/0.969 <0.001

POAG 0.949 0.711/0.968 <0.001

GS 0.758 0.617/0.952 <0.001

Nasal Total 0.614 0.465/0.859 <0.001

POAG 0.603 0.400/0.851 <0.001

GS 0.553 0.274/0.846 <0.001

Inferior Total 0.923 0.646/0.969 <0.001

POAG 0.926 0.711/0.968 <0.001

GS 0.840 0.617/0.952 <0.001

Temporal Total 0.887 0.814/0.927 <0.001

POAG 0.888 0.818/0.927 <0.001

GS 0.848 0.628/0.928 <0.001

CI: Confidence interval, POAG: Primer open angle glaucoma, GS: Glaucoma suspect
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Associations with RPCP VD
The results of the regression models are given in Table 3. 

Global and all quadrantal RNFLT values obtained by both 
AngioVue and Spectralis were strongly and independently 

associated with the small VD of the RPCP. Global RNFLT had 
the closest relation with the small VD of the RPCP (B=0.327 for 
AngioVue and 0.382 for Spectralis). 

Table 3. The linear regression models for the RPCP small VD

RNFLT Device B 95% CI (lower/upper bounds) p

Global AngioVue 0.327 0.302/0.353 <0.001

Spectralis 0.382 0.353/0.411 <0.001

Superior AngioVue 0.213 0.193/0.232 <0.001

Spectralis 0.243 0.221/0.264 <0.001

Nasal AngioVue 0.288 0.254/0.322 <0.001

Spectralis 0.301 0.253/0.350 <0.001

Inferior AngioVue 0.198 0.178/0.218 <0.001

Spectralis 0.232 0.210/0.255 <0.001

Temporal AngioVue 0.199 0.141/0.258 <0.001

Spectralis 0.186 0.130/0.242 <0.001

RPCP: Retinal peripapillary capillary plexus, VD: Vessel density, RNFLT: Retinal nerve fiber layer thickness, B: Coefficient, CI: Confidence interval

Figure 1. Scatter plots of AngioVue versus Spectralis OCT for RNFLT (column 1) and the Bland-Altman plots for the agreement between AngioVue and Spectralis for the 
RNFLT (column 2). Scatter plots were given with the regression line (black line) and the 95% limits of agreements (red lines). Bland-Altman plots were given with the mean 
of the difference (red bold line), 1.96 SDs (black bold lines), and the regression lines (black thin lines). RNFLT scatter and Bland-Altman plots for global (a1,a2), superior 
(b1,b2), nasal (c1,c2), inferior (d1,d2), temporal (e1,e2) RNFLT values
OCT: Optical coherence tomography, RNFLT: Retinal nerve fiber layer thickness, SD: Standard deviation
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Discussion

The present study investigated the agreement between 
two different SD-OCT scanning systems, Spectralis OCT and 
AngioVue, in terms of RNFLT measurements. Although these 
devices use similar technologies to measure RNFLT and they are 
both systems based on SD-OCT, the differences in their built-in 
algorithms caused important differences, indicating that the data 
should not be used interchangeably. Age- and IOP-controlled 
associations of the peripapillary VD with RNFLT measurements 
assessed by these devices were also evaluated in this study. The 
RNFLT measurements of both devices were found to be strongly 
associated with the small VD of the RPCP.

Previous studies assessing the agreement between OCT 
devices similar to our study found better agreement for global 
thickness.19,20,21 The better agreement for global RNFLT 
compared to quadrant thicknesses may be related to the 
small centralization errors around the ONH. It has been 
shown that quadrantal measurements may result in greater 
errors in noncentered scans.22 Hong et al.23 compared RNFLT 
measurements assessed by swept-source OCT (SS-OCT, Triton, 
Topcon) with SD-OCT (3D-OCT-2000, Topcon). They found 
that the agreement between these devices was excellent; however, 
they suggested that the clinician should be aware of measurement 
errors, especially in patients with retinal diseases. Koh et al.24 
investigated the agreement between SD-OCT (Cirrus HD-OCT, 
Carl Zeiss Meditec) and OCT/scanning laser ophthalmoscopy 
(OCT/SLO, OPKO/OTI) and found differences in RNFLT 
measurements; however, they also suggested that the devices 
were similar in terms of the detection of glaucomatous damage. 
Similarly, Mwanza et al.25 compared 3 different SD-OCT devices 
(Cirrus HD-OCT, Spectralis OCT and RTVue) and reported 
different RNFLT values but noted that the dynamic range and 
the number of steps to the RNFL floor were similar between 
the devices. Leite et al.19 also compared the same 3 devices and 
concluded that these devices could not be used interchangeably. 

The only study which investigated the agreement in RNFLT 
measurements between the traditional OCT system (Cirrus 
HD-OCT, Carl Zeiss Meditec) and OCTA (Plex Elite 9000, 
Carl Zeiss Meditec) as in our study was that of Tan et al.9, who 
found excellent agreement in terms of the global, superior, and 
inferior quadrants and good agreement in the temporal and 
nasal quadrants. The authors concluded that RNFLT could be 
sufficiently extracted from wide-field OCTA scans. In our study, 
the agreement was also excellent for the global, superior, inferior, 
and temporal RNFLT and good for the nasal quadrant.

While investigating the agreement between instruments, 
the intra-subject repeatability of measurements should also be 
considered. Previous studies investigated the repeatability of 
measurements for numerous commercially available OCT devices 
and the intra-test variability was found to be approximately 
5 µm.21,26,27 With an intra-test variability of 5 µm for each 
device, even if the instruments have perfect agreement, an error 
of approximately 10 µm (±5 µm) in the agreement could be 
expected.19 In the present study, the span of the LOA of the 

global RNFLT was approximately 25 µm, more than twice the 
expected error. The spans of the LOA of the quadrants were even 
wider than that of the global RNFLT, again indicating that the 
AngioVue and Spectralis data could not be used interchangeably.

There were fixed biases between the measurements in all 
corresponding parameters. The AngioVue measurements were 
consistently thicker than those of Spectralis. There were also 
proportional biases, indicating that the differences in the RNFLT 
measurements between the instruments varied according to the 
actual thickness of RNFL. AngioVue consistently measured 
RNFLT thicker than Spectralis in all quadrants, but this 
difference was even greater where the RNFL was thicker. 
AngioVue and Spectralis seemed to agree more in cases with 
a thinner RNFL. This was also supported by the much higher 
ICCs of the POAG patients compared to the GS subjects. Similar 
proportional biases were observed in previous studies.19,23,24,28,29 
However, no assumption can be made regarding the accuracy 
of the measurements without a direct comparison to histologic 
measurements. 

The differences between AngioVue and Spectralis were 
greatest in measurements of the nasal quadrant. There were 
strong correlations between the corresponding measurements of 
the two devices; however, the correlation of the nasal quadrant 
measurements was the weakest. In addition, ICCs revealed good 
agreement for the nasal quadrant but excellent agreement for all 
the remaining quadrants, which is consistent with the findings 
of previous studies.9,19,20,30 The reason for the greater difference in 
the nasal quadrant measurements might be the use of different 
incidence angle of the laser beam by different devices.19 

Small VD in the RPCP was found to be associated with 
RNFLT in all quadrants for both AngioVue and Spectralis. She 
et al.31 showed that the peripapillary VD was closely related 
to RNFLT and concluded that OCTA could be valuable for 
detecting glaucomatous damage. In contrast to She et al.31, 
Holló32,33 conducted a 2-year follow-up study and reported that 
peripapillary VD did not support glaucomatous progression; 
however, after removing the large vessels, peripapillary VD could 
be helpful in detecting progression. The built-in software of 
AngioVue automatically removes the large vessels and calculates 
only small VD. The associations of the RNFLT measurements 
of both devices with RPCP VD were nearly the same. This 
indicates that RNFLT assessed with OCTA is adequate for use 
in the management of glaucoma. 

Conclusion

In conclusion, even with the excellent agreement revealed 
by ICC, the wide spans of LOA and the significant proportional 
biases suggest poor agreement between AngioVue and Spectralis, 
and therefore the data obtained from these instruments should 
not be used interchangeably. However, given the fact that VD 
in the peripapillary area is highly associated with glaucomatous 
damage and that the results of the present study revealed strong 
correlations between RNFLT and peripapillary VD for both 
AngioVue and Spectralis measurements, the RNFLT values of 
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OCTA could be used for monitoring RNFLT in addition to VD 
in patients with glaucoma. 
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Introduction

As in adult patients, the accurate measurement of intraocular 
pressure (IOP) plays an important role in the diagnosis, treatment, 
and follow-up of pediatric glaucoma. IOP is still the only 
modifiable risk factor for preventing glaucoma progression.1,2 
Evaluation of IOP in pediatric patients may vary based on the 
patient’s age and compliance. 

The rebound tonometer (RT) is a portable tonometer that 
does not require topical anesthesia. In previous studies it was 
reported that RT is easy to use and provides reliable results in 
the pediatric age group.3,4 RT measurements strongly correlate 

with those obtained with a Goldmann applanation tonometer 
(GAT).3,4,5 Because evaluating changes such as visual field 
and retinal nerve fiber losses is difficult is in the follow-up 
of glaucoma in pediatric patients, it is important for IOP 
measurements to be accurate and reliable. During examination 
in outpatient clinics, IOP measurements are often obtained from 
infants while recumbent and from children while standing or 
sitting. In the literature it is reported that body position affects 
IOP and that IOP measurements made in supine position are 
higher in adult patients. In previous studies, changes in IOP 
due to body position were found to differ by 0.2-5.9 mmHg 
in measurements with different tonometers.6,7,8,9,10 There is 

Objectives: To evaluate the effect of body position on intraocular pressure (IOP) measurement in the pediatric age group.
Materials and Methods: Children whose general condition was healthy and ophthalmic examination was within normal limits were 
included. Forty-nine eyes of 49 pediatric patients were included in the study. IOP was measured with an ICARE rebound tonometer 
(ICARE PRO; ICARE, Helsinki, Finland) while patients were in standing, sitting, and supine positions. Differences between the 
consecutive measurements were compared statistically.
Results: Twenty-two of the 49 patients were female, 27 were male. The mean age was 9.61±2.66 (5-15) years. Mean IOP values in the 
standing, sitting, and supine positions were 18.81±2.97 (11.6-26.2) mmHg, 18.88±3.44, (12-28.2) mmHg, and 19.01±2.8 (13.5-25.9) 
mmHg, respectively. There were no statistically significant differences in pairwise comparisons of the measurements taken in the different 
positions (p=0.846, p=0.751, p=0.606). There was a statistically significant correlation between corneal thickness and intraocular 
pressure values in all measurements (p=0.001, r=0.516).
Conclusion: IOP values measured with the ICARE rebound tonometer in healthy children are not affected by body position.
Keywords: Child, intraocular pressure, body position, ocular tonometry
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little information in the literature about how IOP changes with 
body position in children. Determining IOP changes associated 
with body position is important in terms of standardizing IOP 
measurements in the follow-up of pediatric patients.

In this study, we aimed to evaluate the relationship between 
IOP values measured with an RT in different body positions in 
healthy children.

Materials and Methods 
The study included 49 eyes of 49 healthy children under 

the age of 15 years who presented to the ophthalmology 
outpatient clinic for routine eye screening between September 
2019 and December 2019. Children with no ocular disease 
other than refractive errors were included in the study. Exclusion 
criteria were high myopia or hypermetropia (>6.00 D), corneal 
astigmatism >2.5 D, any known ocular disease (glaucoma, 
ocular hypertension, uveitis, corneal pathology), history of ocular 
surgery, contact lens use, use of any systemic or ocular medication 
that might affect IOP, and non-compliance with measurements. 
The study was carried out in accordance with the principles 
of the Declaration of Helsinki and ethics committee approval 
was obtained. Before the study, written informed consent was 
obtained from the parents of the participating children. All of 
the children underwent a full ophthalmologic examination in 
which best corrected visual acuity levels and slit-lamp anterior 
and posterior segment examination findings were recorded in 
detail. Corneal thickness measurements were performed using an 
optical biometry device (NIDEK, AL-SCAN, Japan).

IOP measurements were performed by the same experienced 
researcher using an RT (ICARE PRO; ICARE, Helsinki, 
Finland) in the morning between 9:00 and 12:00. When 
the children arrived in the outpatient clinic for examination, 
their IOP was first measured with the ICARE RT after they 
remained standing for 5 minutes. They were then instructed 
to sit for 5 minutes, after which the second IOP measurements 
were obtained. Finally, after 5 minutes lying in supine position 
with no pillow, the third IOP measurement was performed. 
Measurements were made with the ICARE RT at an appropriate 
distance from the central cornea while the children’s eyes were 
open and looking straight ahead, without use of a speculum or 
manual intervention to open the eyelids. Children who did not 
open their eyelids voluntarily, squinted their eyes, tried to open 
their eyelids with their hands, cried during measurement, did 
not comply with any of the measurement positions, or did not 
complete all of the measurements were not included in the study. 
For each body position, at least 6 consecutive measurements 
were made and the average IOP value was recorded. The ICARE 
tonometer displays results in green when the variation between 

measurements is within normal range, yellow when at the upper 
limit, and red when high. Because green results are reliable, 
only measurements displayed in green were used for statistical 
analysis.

Statistical Analysis 
Numerical data were expressed as mean ± standard deviation 

(SD). Statistical analysis was performed using SPSS software 
(SPSS, version 13.0.1, Chicago, IL, USA; license: 9069728). 
Comparisons between the 3 consecutive measurements were 
made using repeated measures analysis of variance (ANOVA). 
Kolmogorov-Smirnov test was used to determine whether the 
data were normally distributed. P<0.05 was accepted as the 
limit of significance. The relationship between central corneal 
thickness (CCT) and mean IOP measurements was evaluated 
using Pearson’s correlation test. 

Results

A total of 49 healthy children, 22 girls (44.9%) and 27 
boys (55.1%), were included in the study. The mean age of the 
study group was 9.61±2.66 (5-15) years. Their mean Snellen 
best corrected visual acuity level was 0.97±0.08 (0.7-1). Mean 
IOP values in the right eye were 18.81±2.97 (11.6-26.2) 
mmHg in standing position, 18.88±3.44 (12.0-28.2) mmHg 
in sitting position, and 19.01±2.80 (13.5-25.9) mmHg in 
supine position. There was a difference of -0.067±0.34 mmHg 
in IOP measurements between standing and sitting position, 
-0.129±0.4 mmHg between sitting and supine positions, and 
-0.196±0.37 mmHg between standing and supine positions. 
The comparison of IOP values measured in different body 
positions can be seen in Table 1. The mean CCT value of the eyes 
in which IOP was measured was 552.93±29.04 (499-606) µm. 

There was a statistically significant positive correlation 
between the mean IOP and CCT values obtained in the 3 
different positions (p=0.001, r=0.516).

Discussion

IOP remains the only modifiable risk factor in the prevention 
of glaucoma progression. Therefore, it is extremely important 
to measure IOP accurately and reliably. Although postural 
changes in IOP are common, the mechanisms underlying 
these IOP fluctuations are not fully understood. Looking at the 
literature, most previous studies were conducted in adults and 
compared IOP measurements obtained in sitting and recumbent 
positions.7,8,9,10 In most studies, higher IOP was reported in the 
supine position, but in other studies IOP did not change or 
decreased in the supine position.7,8,9,10,11,12,13 IOP elevation in 
the recumbent position has been attributed to an increase in 

Table 1. Comparison of intraocular pressure values measured in different body positions

Intraocular pressure (mmHg) p

Standing 18.81±2.97 Standing vs sitting p=0.846

Sitting 18.88±3.44 Sitting vs supine p=0.751

Supine 19.01±2.8 Standing vs supine p=0.606
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episcleral venous pressure.14,15,16 In glaucoma patients, postural 
IOP changes are greater in magnitude.17,18,19,20

Because children are not tall enough to sit at the instruments 
in outpatient clinics, measurements are frequently performed in 
the supine or standing position. The ICARE RT is a recently 
introduced tonometer that provides rapid, repeatable, and 
highly reliable IOP measurements. Although contact with 
the eye causes children anxiety when using the ICARE RT, 
its ability to obtain measurements faster than the blink reflex 
allows it to be used comfortably in the pediatric age group. 
There are few studies in the literature that examine postural 
changes in IOP measurements in children. Dosunmu et al.21 
compared IOP measurements in sitting and supine position 
with the ICARE RT and Tonopen in pediatric patients with 
and without glaucoma and reported an increase in supine IOP of 
+0.9±2.3 mmHg with ICARE RT and +0.7±1.8 mmHg with 
the Tonopen. In our study, there was a difference of 0.13 mmHg 
between sitting and supine position, but it was not statistically 
significant. The smaller IOP elevation in our study compared to 
that observed by Dosunmu et al.21 may be explained by the fact 
that our study group consisted of only healthy pediatric patients. 

In our study, no statistically significant difference was 
observed in IOP measurements performed in healthy pediatric 
patients in standing, sitting, and supine positions. The postural 
increase in IOP observed in the children in our study was less 
than that of adults. This smaller increase in the pediatric age 
group may be related to children’s smaller body mass and 
smaller episcleral venous pressure change. Sultan and Blondeau14 
evaluated seated and recumbent episcleral venous pressures in 
young adults and elderly patients and reported that the elderly 
group had higher episcleral venous pressure compared to the 
younger age group.

Changes in CCT with different body positions have been 
demonstrated in previous studies. Maslin et al.22 showed that 
CCT decreased in the supine position in open-angle glaucoma 
patients and healthy subjects, with similar changes in both 
groups. Fogagnolo et al.23,24 reported that IOP and CCT exhibited 
diurnal variation and that IOP fluctuations in different body 
positions were independent of fluctuations in CCT. Because CCT 
measurements in different body positions were not evaluated in 
our study, comparisons could not be made.

One of the weaknesses of our study was the inability to 
measure with a GAT, which is the gold standard for IOP 
measurement. Because IOP measurements cannot be obtained 
from children in the recumbent and standing positions with the 
GAT, the ICARE RT was used as the measurement method. 
The small number of patients is another weakness of our study. 
In addition, we did not include the children’s blood pressure 
measurements or body mass index values in the study. In 
order to standardize the measurements made in our study, IOP 
measurements were performed first in standing position, then 
sitting, and finally in supine position. We cannot rule out the 
possibility that changing this order would yield different results. 

Our study included healthy pediatric cases; further studies are 
needed to examine IOP associated with different body positions 
in pediatric glaucoma patients, who may show larger postural 
IOP changes. 

Conclusion
In conclusion, in this study it was determined that IOP 

measurements performed with the ICARE RT in healthy 
children in different body positions did not vary significantly. 
In the pediatric age group, the ICARE RT can be used to obtain 
IOP measurements either in supine position under general 
anesthesia or in supine or standing position in outpatient clinic 
examinations. Further research is needed to understand the effect 
of postural changes on IOP in pediatric glaucoma patients.
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Introduction 

Intravitreal (IV) injection of anti-vascular endothelial growth 
factors (anti-VEGF) is accepted as a standard treatment method 
for neovascular age-related macular degeneration (nvAMD). 

Of the many multicenteric clinical trials, MARINA 
(Minimally Classic/Occult Trial of Anti-VEGF Antibody 
Ranibizumab in the Treatment of Neovascular Age-Related 
Macular Degeneration) and ANCHOR (Anti-VEGF Antibody 
for the Treatment of Predominantly Classic Choroidal 
Neovascularization in AMD) were seminal trials of monthly 
ranibizumab (Lucentis; Genentech, San Francisco, CA, USA) 
therapy in eyes with minimally classic and occult nvAMD and 
predominantly classic nvAMD, respectively. While the 2-year 

results of these trials demonstrated improved or preserved visual 
acuity in approximately 90-95% of treated eyes compared to 
control eyes, vision loss of at least 15 letters (3 lines) despite 
continued monthly anti-VEGF therapy was also reported in 
5-10% of eyes.1,2,3,4,5 It has also been noted that eyes showing 
inadequate or no treatment response and persistent disease 
activity are those with better baseline visual acuity compared to 
the group with the greatest letter gains.6,7

Identifying eyes with good or poor anatomic response to 
anti-VEGF drugs, distinguishing different subgroups if present, 
and knowing the baseline lesion characteristics of eyes with 
nvAMD are believed to be important for predicting treatment 
outcomes and determining the causes of resistance. 

Objectives: This study aimed to determine the incidence of poor response to intravitreal (IV) anti-VEGF treatment in neovascular 
age-related macular degeneration (nvAMD) and to define subgroups of poor responders.
Materials and Methods: A total of 235 treatment-naive eyes of 202 patients completed this prospective study. Patients younger 
than 50 years of age and those with a contraindication for anti-VEGF therapy were excluded. All eyes were treated with IV ranibizumab. 
Poor response was defined as recurrence, persistence, or worsening despite treatment. Poor responders were classified into subgroups 
based on progression patterns.
Results: Of the 235 eyes, 78 (33.2%) showed poor response. Pigment epithelial detachment (PED) and occult choroidal neovascularization 
(CNV) were more common among poor responders (p<0.001) and 5 subgroups were identified.
Conclusion: Poor response to anti-VEGF treatment is not uncommon and occult CNV and PED are frequently seen in these eyes. 
Various subgroups can be defined based on clinical features.
Keywords: Anti-vascular endothelial growth factor, neovascular age-related macular degeneration, treatment response
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Therefore, the aim of this prospective clinical trial was to 
characterize responses to anti-VEGF therapy with ranibizumab 
in eyes with active nvAMD, to analyze subgroups within the 
good and poor response groups, and to evaluate their baseline 
clinical features. 

Materials and Methods
This prospective cohort study included 297 eyes of 245 

consecutive patients diagnosed with active nvAMD and treated 
with IV anti-VEGF therapy in the Retina Unit of the Ege 
University Medical Faculty Department of Ophthalmology. 

Patients less than 50 years of age, those who had previously 
been treated for nvAMD, those with a contraindication for 
anti-VEGF therapy or developed complications that might 
alter the Optical Coherence Tomography (OCT) parameters 
during treatment, and those who did not follow the treatment 
protocol were excluded from the study. As a result, 235 eyes 
of 202 patients completed the study and were included in the 
evaluation. 

An informed voluntary consent form was obtained from 
each patient, ethical board approval was obtained from the 
Ege University Clinical Research Ethics Committee (decision 
no. 12-2/47, 2013) and the Ministry of Health Turkish 
Pharmaceuticals and Medical Devices Agency (transaction no. 
1135321/06.03.2013). The study was conducted in adherence 
to the principles of the Declaration of Helsinki.

All patients underwent a complete ophthalmologic 
examination, including best corrected visual acuity (BCVA) 
determined by Snellen chart, intraocular pressure (IOP) 
measurement, and biomicroscopic examination of the anterior 
and posterior segments. Prior to treatment, each patient 
underwent a spectral domain optic coherence tomography 
(SD-OCT) scan with a Topcon SD-OCT (Topcon Medical 
Systems, Paramus, NJ, USA) and Heidelberg Spectralis HRA + 
OCT (Heidelberg Engineering, Heidelberg, Germany) device, 
in addition to fluorescein angiography (FA) with a Topcon 
TRC.50IX device (Topcon Medical Systems, Paramus, USA). 
Neovascularization (nv) type was assessed based on the presence, 
type and location of increased central retinal thickness (CRT), 
subretinal fluid (SRF), intraretinal cysts (IRC), and pigment 
epithelial detachment (PED) on SD-OCT. CRT evaluations were 
made based on irregularities in retinal thickness in the central 
6x6 mm2 area at the posterior pole. The types of nv based on the 
staining properties of the lesions, as well as dye leakage in late 
phases, were recorded with FA. Well-demarcated areas of intense 
hyperfluorescence appearing early and showing progressive 
leakage were accepted as classical choroidal neovascularization 
(CNV), whereas fibrovascular PEDs and late leakage of 
undetermined source were evaluated as occult CNV. In case of 
mixed types, the lesion was considered predominantly classical if 
more than 50% consisted of classical component and minimally 
classical if it comprised 1-50% classical component. Types of nv 
based on location on SD-OCT images were also noted as type 1 
(sub-retinal pigment epithelium [RPE]), type 2 (subretinal), and 
type 3 (intraretinal).

Eyes exhibiting fresh hemorrhage in clinical examination, 
findings of SRF, IRC, or sub-RPE fluid on SD-OCT, and leakage 
on FA were classified as having active nvAMD. These eyes were 
treated with IV ranibizumab (0.5 mg/0.05 mL ranibizumab, 
Lucentis; Genentech Inc., San Francisco, CA, USA) under fully 
sterile operating room conditions.

Follow-up examinations were performed 4-6 weeks after 
treatment. BCVA and SD-OCT findings were reevaluated and 
IV ranibizumab injections were repeated for eyes with signs of 
persistent activity (fresh hemorrhage, SRF, IRC, or sub-RPE 
fluid). 

Eyes that showed full regression or resorption in follow-
up examinations before or after completing the 6 injections 
were classified as “good responders” (Figure 1), while eyes 
with recurrence, persistence, or progressive worsening after 6 
injections were classified as “poor responders”. Visual acuity was 
not considered as a parameter in our definitions of response or 
poor response. The differences in baseline features between eyes 
in the two groups were statistically analyzed. Treatment was 
stopped in eyes that showed total regression of activation signs 
before completing 6 injections and these eyes were considered 
good responders. These patients were seen in regular follow-
up visits and injections started again if they showed any sign 
of activation. Patients who still needed anti-VEGF treatment 
after 6 injections continued to receive treatment as long as they 
needed. 

Poor responders were divided into 5 subgroups by analyzing 
anatomical findings and response characteristics: 

1. True nonresponders: Eyes with no change in signs of 
activity (SRF, IRF, sub-RPE fluid, fresh hemorrhage) during 
treatment; 

2. Partial nonresponders: Eyes exhibiting partial improvement 
(e.g., minimal regression in SRF and/or IRF) in signs of activity 
during treatment (Figure 2);

3. Anti-VEGF dependents: Eyes that showed complete 
regression of signs of activity with treatment but were unable 

Figure 1. Spectral domain optical coherence tomography (SD-OCT) images of 
an eye that showed good response to intravitreal anti-VEGF injections. A) Initial 
image shows intraretinal cysts and increased central retinal thickness. B) SD-OCT 
image after 6 consecutive injections

A

B



Barış et al. Poor Response in AMD

277

to tolerate intervals longer than 4-6 weeks between injections 
without showing recurrence (increase in SRF/IRF, sub-RPE fluid 
or PED size);

4. Worsening: Eyes with progression of anatomic findings, 
with exudate or hemorrhage, despite treatment (Figure 3);

5. Nonresponse over time: Eyes that initially responded well 
to treatment but became unresponsive over time due to reduction 
in drug effectiveness with continued treatment (Figure 4).

Statistical Analysis
SPSS 15.0 package software was used for statistical analyses. 

Independent samples t-test, chi-square test, and Fisher’s Exact 
test were used to evaluate the findings, with p values <0.05 were 
accepted as statistically significant.

Results

Of the 202 patients, 102 (50.5%) were male and 100 
(49.5%) were female; 33 (16.3%) had bilateral nvAMD, and the 
mean age was 74.03±7.8 (56-89) years. 

Of the 235 eyes, treatment response to anti-VEGF therapy 
with IV ranibizumab was evaluated as good in 157 eyes (66.8%) 
and poor in 78 eyes (33.2%). Of the 33 bilateral patients, 17 
showed good response and 7 showed poor response to treatment, 
while 9 patients had 1 eye in each group.

The demographic characteristics, lens status, pre- and post- 
treatment BCVA, number of injections, and follow-up periods 
pertaining to the eyes with good and poor treatment responses 
are shown in Table 1. There were no statistically significant 
differences between the groups in terms of age and gender 
distribution (p=0.22 and p=0.48, respectively; t-test and chi-
square test). The groups were also statistically comparable in 

Figure 2. An eye with partial nonresponse to treatment A) before treatment and 
B) after 6 injections. There was only a minimal change in spectral domain optical 
coherence tomography findings despite treatment

A

B

Figure 3. An example from the “worsening” subgroup. A) Fundus photograph and B) spectral domain optical coherence tomography image at the time of initial examination. 
C and D) Images obtained after 6 injections show increased central retinal thickness, subretinal fluid, increased exudation, and a fresh hemorrhage. E and F) After 9 injections, 
there is a marked increase in exudation
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terms of lens status (pseudophakic or phakic) (p=0.8; Fisher’s 
Exact test). Comparison of BCVA between the groups revealed 
no statistically significant differences either pre- or posttreatment 
(p=0.38 and p=0.06 respectively; t-test and Fisher’s Exact test). 
Eyes with poor treatment response had significantly higher mean 
number of injections and longer follow-up period compared to 
eyes with good response (p<0.001 and p<0.001; t-test). 

Twenty-one eyes (26.9%) were categorized as true 
nonresponders, 29 eyes (37.2%) as partial nonresponders, 13 
eyes (16.7%) as anti-VEGF dependents, 11 eyes (14.1%) as 
worsening, and 4 eyes (5.1%) as showing nonresponse over time.

The baseline SD-OCT and FA features of the eyes in both 
groups are shown in Table 2. The number of eyes with increased 
CRT and IRC in the good responders group was significantly 
higher compared to the poor responders group, while there was 
no significant difference in terms of SRF (p=0.02, p=0.004, 
p=0.4; Fisher’s Exact test). Absence of PED was significantly 
more common among good responder eyes compared to poor 
responders (p<0.001; chi-square test). Poor responder eyes had an 
initial PED rate of 88.5% and a significantly higher prevalence 
of fibrovascular PED (77%) compared to good responders 
(39.5%) (p<0.001; chi-square test). Comparison of the nv types 
based on SD-OCT location between the two groups showed that 
type 2 nv (subretinal) was significantly more common in good 
responders, while type 1 nv (sub-RPE) was significantly more 
common in poor responders (p=0.03 and p=0.04, respectively; 
chi-square test).

In terms of baseline lesion characteristics on FA, 
predominantly classic nv (53.5%) was significantly more 

Figure 4. Spectral domain optical coherence tomography images of an eye 
in the “non-response over time” subgroup. A) Before treatment. B), Pigment 
epithelial detachment (PED) height and subretinal fluid amount were reduced 
after 6 injections. C) Images obtained after 9 injections show the PED returned to 
pretreatment height despite ongoing treatment

A

B

C

Table 1. Demographic characteristics, lens status, best corrected visual acuity, number of injections, and follow-up periods of 
good and poor responder eyes

Characteristic Good responders
number (%)

Poor responders
number (%)

p value

All eyes 157 (66.8) 78 (33.2)

Bilateral eyes* 26 (61.9) 16 (38.0) 0.37**

Gender
Female
Male

71 (50.7)
69 (49.3)

34 (47.9)
37 (52.1)

0.48**

Age, years (mean ± SD)
(min-max)

74.5±7.6
(57-87)

73.1±8.0 
(56-89)

0.22†

Lens status
Phakic
Pseudophakic

108 (68.8)
49 (31.2)

54 (69.2)
24 (30.8)

0.8†

Pretreatment BCVA, 
Mean ± SD (Snellen)

0.25±0.20
(20/80±20/100)

0.28±0.20
(20/70±20/100)

0.34†

Posttreatment BCVA, 
Mean ± SD (Snellen)

0.20±0.20
(20/100±20/100)

0.32±0.25
(20/63±20/80)

0.06††

Number of injections 
Mean ± SD  (min-max)

4.40±0.12
(2-15)

6.42±1.14
(6-12)

<0.001†

Follow-up time, 
Months mean (min-max)

11.3  
(6-24)

21.7  
(15-24)

SD: Standard deviation, min: minimum, max: maximum, BCVA: Best corrected visual acuity
*Of the 33 bilateral patients, 9 patients had 1 eye in both the good and poor treatment response groups,**Chi-square test, †t-test, ††Fisher’s Exact test
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common in the good responders group, while occult nv (70.5%) 
was significantly more common among poor responders (p<0.001 
for both; chi-square test).

The baseline SD-OCT and FA features of the poor responder 
subgroups are shown in Table 3. There was no statistically 
significant difference between the subgroups in terms of 
increased CRT or presence of SRF, IRC, or presence and type of 
PED (p=0.82, p=0.78, p=0.62, and p=0.94, respectively; chi-
square test). There was also no difference between the subgroups 
in terms of the nv types identified via SD-OCT and FA (p=0.33; 
chi-square test). 

Discussion 

In this prospective clinical trial, 235 eyes with nvAMD 
received consecutive doses of IV ranibizumab therapy at intervals 
of 4-6 weeks, and treatment response was defined as good in 
157 eyes (66.8%) and poor in 78 eyes (33.2%). Criteria for 
poor response in this trial included persistent, recurrent, or 
progressive signs of nvAMD activity in clinical examination or 
SD-OCT performed 1 month after 6 doses of IV ranibizumab. 

Although IV injection of anti-VEGF agents is currently 
accepted as a standard treatment method for active nvAMD, 
the rate of unresponsiveness to treatment reported in different 
trials varies widely (7.5-68.1%).8,9 The main reason for these 
differences is the use of different criteria when assessing 
treatment response. There is still no consensus among clinicians 
as to whether regression of signs of activity or improvement 
in visual acuity should be accepted as the primary criterion of 
treatment response, or after how many doses response should 
be evaluated.10 Treatment response was defined according to 
changes in BCVA in the MARINA and ANCHOR trials, which 
were the first trials to demonstrate the efficacy of ranibizumab. 
In these trials, preserved or improved (15 letters or more) BCVA 
was reported for 90% of the patients who received monthly anti-
VEGF therapy for 24 months, and losses of more than 15 letters 
were reported for the other 10% of patients. In clinical practice, 
however, there are few studies in which BCVA is accepted as 
the treatment response criterion.9,11,12,13 Most clinicians evaluate 
response and decide to repeat treatment based on signs of activity 
detected on examination and SD-OCT (in other words, based 

Table 2. Baseline optical coherence tomography and fluorescein angiography characteristics in the good and poor responder 
groups

Eyes with good treatment 
response
number (%)

Eyes with poor treatment 
response
number (%)

P value

Central retinal thickness 
Increased
Normal

141 (89.8)
16 (10.2)

61 (78.2)
17 (21.8) 0.02*

Subretinal fluid 
Yes
No

122 (77.7)
35 (22.3)

65 (83.3)
13 (16.7)

0.02*

Intraretinal fluid 
Yes
No

89 (56.7)
68 (43.3)

28 (35.9)
50 (64.1) 0,04

PED 
Yes
Serous
Fibrovascular
Hemorrhagic
Serous + fibrovascular
Fibrovascular + hemorrhagic
No

74 (47.1)
12 (7.6)
55 (35.0)
0
2 (1.3)
5 (3.2)
83 (52.9)

69 (88.5)
8 (10.2)
42 (53.9)
(1.3)
18 (23.1)
0
9 (11.5)

<0.0001**

<0.0001**

OCT nv type 
Type 1
Type 2
Type 3

99 (63.0)
46 (29.3)
12 (7.7)

60 (76.9)
8 (10.3)
10 (12.8)

0.04**
0.03**

FA nv type  
Pure classic
Predominantly classic
Minimally classic
Occult
Undeterminable
No nv findings

15 (9.5)
84 (53.5)
6 (3.8)
47 (30.0)
3 (1.9)
2 (1.3)

5 (6.5)
2 (2.5)
3 (3.8)
55 (70.5)
5 (6.5)
8 (10.2)

<0.001**

<0.001**

PED: Pigment epithelium detachment, OCT: Optical coherence tomography, nv: Neovascularization, FA: Fluorescein angiography, *Fisher’s Exact test, **Chi-square test



Turk J Ophthalmol 50; 5: 2020

280

on anatomic findings rather than an increase in BCVA), with 
regression or complete resolution of these findings considered 
good treatment response.8,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28

In a retrospective study involving 218 eyes, Otsuji et al.13 
considered eyes with no increase in BCVA and/or no reduction 
in CRT despite 3 consecutive doses of IV ranibizumab therapy 
administered at 4-week intervals as unresponsive to treatment, 
reporting the rate of unresponsiveness as 10.1%. Shin et al.8 
retrospectively evaluated 267 nvAMD cases and determined that 
7.5% were unresponsive to anti-VEGF therapy (ranibizumab 
and bevacizumab). In their study, persistent and/or increased 
intraretinal or subretinal exudate despite 3 consecutive IV 
injections was accepted as the criterion for unresponsiveness. 
Byun et al.9 analyzed treatment response in 113 consecutive 
eyes with nvAMD that received IV bevacizumab injections for 1 
year, describing eyes that showed less than 7-11 ETDRS letters 
improvement in BCVA as unresponsive (68.1%). 

Slakter14 suggested that BCVA may not increase and may 
even decrease despite complete regression of signs of activity 
and remission of disease in good responders to anti-VEGF 

therapy. He attributed this to changes that occur secondarily 
to nvAMD such as subretinal fibrosis and scar formation or 
RPE and photoreceptor atrophy, stating that for these reasons 
BCVA is not a reliable criterion for determining responsiveness 
or unresponsiveness to treatment. In the present study, we used 
the regression of signs of nvAMD activity to define response 
to ranibizumab therapy. There were no statistically significant 
differences in BCVA between good and poor responders in our 
study. As indicated by Slakter, we believe this is due to secondary 
changes that occurred in some eyes that showed good treatment 
response.

There is also no consensus regarding when to evaluate 
treatment response among clinical trials. Assessments were 
done after 3 or 6 consecutive injections in the vast majority of 
trials 8,9,13,26 while in some trials this number is reported as 9, 
12, or more.23 In the present trial, the eyes were re-evaluated 
1 month after receiving the last of 6 consecutive ranibizumab 
injections. Eyes showing a poor response received a significantly 
higher mean number of injections and had a significantly longer 
mean follow-up period compared to eyes with good treatment 
response. 

Table 3. Baseline optical coherence tomography and fluorescein angiography characteristics in subgroups of poor responders

True non-
responders 
number (%)

Partial 
responders 
number (%)

Anti-VEGF 
dependents 
number (%)

Worsening 
number (%)

Non-response 
over time
number (%)

P value

Eyes 21 (26.9) 29 (37.2) 13 (16.7) 11 (14.1) 4 (5.1) -

Central retinal thickness 
Increased
Normal

16 (76.2)
5 (23.8)

21 (72.4)
8 (27.6)

11 (84.6)
2 (15.4)

10 (90.9)
1 (9.1)

3 (75)
1 (25) 0.82*

Subretinal fluid
Yes
No

18 (85.7)
3 (14.3)

25 (86.2)
4 (13.8)

10 (76.9)
3 (23.1)

8 (72.8)
3 (27.2)

4 (100)
0 0.78*

Intraretinal fluid
Yes
No

7 (33.3)
14 (66.7)

13 (44.8)
16 (55.2)

4 (30.8)
9 (69.2)

4 (36.4)
7 (63.6)

0
4 (100) 0.62*

PED 
Yes
Serous
Fibrovascular
Hemorrhagic
Serous + fibrovascular
No

19 (90.5)
2 (9.5)
11 (52.4)
0
6 (28.6)
2 (9.5)

26 (89.7)
4 (13.8)
12 (41.4)
1 (3.4)
9 (31.1)
3 (10.3)

10 (76.9)
1 (7.7)
9 (69.2)
0
0
3 (23.1)

10 (90.9)
0
7 (63.6)
0
3 (27.3)
1 (9.1)

4 (100)
1 (25.0)
3 (75.0)
0
0
0

-
-
-
-
-
-

OCT nv type
Type 1
Type 2
Type 3

16 (76.2)
2 (9.5)
3 (14.3)

23 (79.3)
1 (3.5)
5 (17.2)

11 (84.6)
1 (7.7)
1 (7.7)

6 (54.5)
4 (36.4)
1 (9.1)

4 (100)
0
0

-
-
-

FA NV type
Pure classic
Predominantly classic
Minimally classic 
Occult
Undeterminable
No nv findings

4 (19)
0
1 (4.8)
16 (76.2)
0
0

1 (3.5)
1 (3.5)
0
19 (65.5)
3 (10.3)
5 (17.2)

0
0
1 (7.7)
8 (61.5)
1 (7.7)
3 (23.1)

0
1 (9.1)
1 (9.1)
9 (81.8)
0
0

0
0
0
3 (75.0)
1 (25.0)
0

-
-
-
-
-
-

SD: Standard deviation, PED: Pigment epithelium detachment, OCT: Optical coherence tomography, nv: Neovascularization, FA: Fluorescein angiography
*Chi-square test
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In our study, the prevalence of predominantly classic nv 
was higher among good responders, while occult nv was more 
common among poor responders, and this difference was found 
to be statistically significant. Previously published studies have 
differed on this point. Lux et al.12 detected no difference in nv 
type between responsive and unresponsive eyes, but reported that 
the unresponsive group had significantly larger baseline nv area. 
Otsuji et al.13 determined that occult nv was more prevalent than 
classic nv among poor responders, whereas response/nonresponse 
was not associated with baseline nv dimensions. Hörster et al.29 
reported that predominantly classic and minimally classic nv 
required more injections than occult nv. However, these data 
have not been supported by the results of other studies. Veritti 
et al.30 stated that less satisfactory outcomes were achieved when 
treating eyes with occult nv associated with nvAMD compared 
to other types of nv. 

In our study, increased CRT and presence of IRC were 
significantly more common among good responders compared 
to poor responders, while the groups showed no difference in 
terms of SRF presence. Shin et al.8 divided non-responders 
into two groups those who had SRF only and those who had 
predominantly IRC and found that the eyes with SRF were 
less responsive to treatment compared to eyes with IRC. Guber 
et al.31 also reported that eyes with IRC responded better to 
treatment than those with SRF or PED and showed a more 
pronounced reduction in CRT. Tannan et al.32 reported that 
pretreatment SRF was associated with longer duration of anti-
VEGF therapy.

In our study, there was a significant difference between 
good and poor responder eyes in terms of baseline PED presence 
(47.1% and 88.5%, respectively). In addition, the prevalence of 
fibrovascular PED was significantly higher in poor responders 
(77%) compared to good responders (39.5%). Inoue et al.33 
observed a greater BCVA improvement in eyes with baseline 
serous PED compared to eyes with fibrovascular PED. Punjabi 
et al.34 categorized PEDs as empty, solid, or mixed based on their 
appearance on OCT, reporting the rate of complete or partial 
regression with treatment to be 3% for solid PEDs and 46% for 
empty PEDs. 

Our evaluation of poor responders to anti-VEGF therapy with 
ranibizumab based on clinical response and SD-OCT findings 
revealed 5 distinct subgroups. The most common pattern was 
partial non-response (37.2%), which was characterized by partial 
improvement in signs of activity during treatment. Furthermore, 
some eyes responded well to treatment but required another 
injection every month and could not tolerate treatment intervals 
longer than 4-6 weeks. These eyes were referred to as “anti-
VEGF dependent” (16.7%). Approximately 5% of the eyes 
showed good initial response but became unresponsive due 
to diminished effect of the drug over time, and these were 
classified in the “non-response over time” group. Publications 
on tachyphylaxis, defined as a reduction in the effectiveness of a 
drug on tissue after repeated administration, have reported that 
this phenomenon occurs after at least 5 consecutive anti-VEGF 
injections, with an incidence of 2%.21 A search of the literature 

did not yield any studies on the development of tolerance to 
anti-VEGF drugs.  

In his 2010 review, Slakter14 stated that there are many 
patients who do not exhibit the desired response to ranibizumab 
therapy and whose exudative findings persist or progress; he 
referred to these patients as “anti-VEGF nonresponders” and 
described 5 subgroups within this group. The article does not 
provide data on the prevalence and baseline clinical features of 
the subgroups, but 3 of the described subgroups are similar to 
those in our study. To the best of our knowledge, ours is the first 
clinical study to determine subgroups of poor responders to anti-
VEGF therapy and evaluate their prevalence.

Conclusion

The value of anti-VEGF drugs as effective and safe therapies 
for the treatment of nvAMD is undisputable. However, poor 
response or nonresponse to anti-VEGF drugs in some eyes is an 
important issue in clinical practice. In addition to determining 
the prevalence of these suboptimal responses in clinical studies, 
our results suggest that identifying baseline features of these eyes 
and conducting subgroup analysis will be beneficial in order to 
investigate the causes of unresponsiveness and to modify and 
improve treatment strategies in such cases. 
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Abstract

Introduction

Idiopathic macular hole (MH) is a full-thickness anatomical 
defect of the neural retina at the fovea that can lead to central 
vision loss. Edema and detachment of the sensory retina may 
lead to the progression of hole enlargement, retinal pigment 
epithelium (RPE) atrophy, and decrease in visual acuity.1

Kelly and Wendel2 first introduced vitrectomy and 
intraocular gas tamponade for MH surgery. Later, with progress 

in surgical instrumentation and techniques, anatomical closure 
rates reached over 90%.3 Large numbers of associated factors 
lead to variation in visual outcomes despite anatomical closure. 
Recent improvements in the resolution of optical coherence 
tomography (OCT) have enabled ophthalmologists to observe 
retinal structures more precisely. Researchers have suggested that 
maximal visual recovery may take a year or more and is linked 
to photoreceptor layer status.4,5,6,7 Furthermore, recent studies 
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using spectral-domain OCT (SD-OCT) support the suggestion 
that delayed visual recovery may be related to the reorganization 
of the photoreceptor layer.8,9

Current literature emphasizes that structural or functional 
impairment in related retinal layers causes lower reflectivity.10,11,12 

In this study, we intended to observe the effects of vitrectomy 
on RPE, ellipsoid zone (EZ), and external limiting membrane 
(ELM) reflectivity using image processing computer software 
(ImageJ 1.47v, Wayne Rasband, National Institutes of Health, 
USA, http://imagej.nih.gov/ij) in MH patients.13 In addition, we 
analyzed the association between visual recovery and retinal layer 
integrity and reflectivity after vitrectomy.

Materials and Methods

Twenty-four eyes of 24 patients with idiopathic full-thickness 
MH closed after vitrectomy between January 2015 and June 
2016 were included in this retrospective study. The local ethics 
committee approved this study, and we followed the tenets of the 
Declaration of Helsinki. All patients were diagnosed with stage 
2 or 3 idiopathic MH according to Gass classification system and 
were followed for at least 12 months postoperatively.14 Patients 
with full-thickness MH that closed successfully after vitrectomy 
confirmed by SD-OCT examinations (Spectralis OCT; Heidelberg 
Engineering, Heidelberg, Germany) were included. Patients 
with previous retinal surgery, macular degeneration, diabetic 
retinopathy, inflammatory ocular diseases, retinal vascular 
occlusions, hypertensive retinopathy, MH associated with other 
pathology, lamellar MH, or pseudo-MH were excluded. Reactive 
gliosis (glial healing) is a complex process that is considered to 
promote retinal repair following pathological insult or surgery. 
Therefore, we excluded patients showing glial healing in 2 
or more layers, which may result in inability to differentiate 
between layers in OCT images.

All patients underwent 23-gauge pars plana vitrectomy 
and internal limiting membrane (ILM) peeling with forceps 
in an area of 2-3 optic disc diameters around the MH. Sulfur 
hexafluoride (SF6) or perfluoropropane (C3F8) gas tamponade 
were used and patients were informed to remain in a face-down 
position for at least 3 days after surgery. Cataract surgery was not 
performed at the time of vitrectomy in any patient.

Visual acuity was measured and SD-OCT was performed 
the day before MH surgery and 1 month and 12 months 
postoperatively. Best corrected visual acuity (BCVA) was 
converted to the logarithm of the minimal angle of resolution 
(logMAR) equivalent. SD-OCT images were exported to the 
Java-based image processing computer software, ImageJ.13,15 
ImageJ is a reliable tool with high inter- and intra-observer 
reproducibility and has been used in several recent studies in 
the field of ophthalmology.10,16,17,18 The “plot profile” function of 
ImageJ was used by a single masked physician (F.Y.) to analyze 
OCT images (Figure 1).10,13,15 A vertical straight line passing 
through the center of the fovea was drawn from the vitreous 
cavity to the choroid to obtain reflectivity graph and reflectivity 
values along the line (Figure 1).10,15 In a normal OCT image, 

the histologic order of reflectivity is RPE layer, EZ (formerly 
called the photoreceptor inner segment/outer segment [IS/OS] 
junction), and ELM, respectively. In studies regarding reflectivity 
of retina, the outermost highly reflective band is thought to 
represent RPE19,20, so the highest value was accepted as the 
reflectivity of the RPE layer, and relative reflectivity of the EZ or 
ELM was calculated by dividing EZ or ELM reflectivity by RPE 
reflectivity according to this formula:

Relative reflectivity (arbitrary unit) = (reflectivity of EZ or 
ELM)/(reflectivity of RPE) x100.10

Statistical Analysis
All statistical analyses were performed using IBM SPSS for 

Windows version 20.0 (IBM Corp., Armonk, NY, USA). The 
normality of data distribution was tested with Kolmogorov-
Smirnov test. Continuous variables were expressed as mean 
± standard deviation (SD) and categorical variables as counts 
and percentages. The significance of differences between the 
time points was analyzed using paired-samples t-test for 
normally distributed variables and Wilcoxon signed-rank test 

Figure 1. Peaks of the retinal pigment epithelium (RPE), ellipsoid zone (EZ), 
and external limiting membrane (ELM) on reflectivity graph (left) and gray-scale 
optical coherence tomography images (right) from postoperative 1 month (a) and 
12 months (b) obtained from an image processing program (ImageJ). ImageJ gives 
reflectivity values along a line (vertical white arrow) and creates reflectivity graph
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for nonnormally distributed variables. Pearson and Spearman 
correlation analysis was used to determine associations between 
continuous variables. A two-sided p value <0.05 was considered 
statistically significant.

Results

Twenty-four eyes of 24 consecutive idiopathic full-
thickness MH patients (14 male, 10 female) with a mean age 
of 64.46±10.90 years were included in the study (Table 1). The 
MHs were classified as stage 2 in 13 eyes and stage 3 in 11 eyes 

(Table 1). The mean BCVA (logMAR ± SD) was 0.52±0.17 
before surgery and increased to 0.35±0.15 at postoperative 12 
months (p<0.001). The mean BCVA at postoperative 1 month 
was 0.51±0.22 and increased to 0.35±0.15 at postoperative 

12 months (p=0.006) (Table 1). Eyes with any findings of 
exhibited glial healing in the RPE, EZ, and ELM layer excluded 
from statistical analysis (1 patient, 6 patients, and 3 patients, 
respectively).

In this retrospective study, we performed image analysis 
and determined the reflectivity of RPE, EZ, and ELM of all 
subjects. Absolute and relative EZ reflectivity showed a highly 
significant increase at postoperative 12 months compared to 1 
month (p<0.001 and p<0.001, respectively) (Table 2). However, 
there were no differences between RPE and ELM reflectivities at 
postoperative 1 month and 12 months. 

In addition, changes in absolute and relative reflectivity 
parameters according to BCVA improvement were analyzed 
(Table 3). The changes in absolute and relative EZ reflectivity 
from postoperative 1 month to 12 months after MH surgery 
were correlated with the change in BCVA from preoperative to 
postoperative 12 months (p=0.012 and p=0.020, respectively). 
However, changes in absolute and relative ELM reflectivity from 
postoperative 1 month to 12 months were not correlated with 
change in BCVA from preoperative to postoperative 12 months 
(p=0.337 and p=0.573). Change in absolute RPE reflectivity 
from postoperative 1 month to 12 months was not correlated 
with the pre- to postoperative change in BCVA (p=0.369). 
Changes in absolute and relative reflectivity measurements from 
postoperative 1 month to 12 months were not correlated with 
BCVA improvement from postoperative 1 month to 12 months. 
Absolute and relative reflectivity measurements at postoperative 
1 month were not correlated with BCVA at postoperative 12 
months. 

Preoperative MH diameter was not correlated with absolute 
or relative reflectivities at postoperative 1 month and 12 months 
or with the changes in reflectivity from postoperative 1 month 
to 12 months. In the grade 2 and 3 MH patient groups, only 
absolute and relative EZ reflectivities showed a statistically 
significant increase from postoperative 1 month to 12 months 
(p=0.017 and p=0.003, respectively). Absolute RPE reflectivity 

Table 1. Demographic data of macular hole (MH) patients 
(n=24)

Gender

Male, n (%) 14 (58.3%)

Female, n (%) 10 (41.7%)

Age (years, mean ± SD) 64.46±10.90

MH stage

Stage 2 13 (54.2%)

Stage 3 11 (45.8%)

Gas tamponade type

C3F8 13 (54.2%)

SF6 11 (45.8%)

BCVA (logMAR, mean ± SD)

Preoperative 0.52±0.17

Postoperative 1 month 0.51±0.22

Postoperative 12 months 0.35±0.15

SD: Standard deviation, BCVA: Best corrected visual acuity

Table 2. Comparison of retinal pigment epithelium (RPE), ellipsoid zone (EZ), and external limiting membrane (ELM) 
reflectivities at postoperative 1 and 12 months

1 month 12 months P value

Absolute RPE reflectivity (arbitrary unit, mean ± SD) 215.04±17.02 213.13±14.94 0.677

Absolute EZ reflectivity (arbitrary unit, mean ± SD) 122.86±29.94 159.23±24.97 <0.001

Absolute ELM reflectivity (arbitrary unit, mean ± SD) 96.23±28.51 106.04±24.15 0.418

Relative EZ reflectivity (arbitrary unit, mean ± SD) 58.11±11.39 75.42±9.27 <0.001

Relative ELM reflectivity (arbitrary unit, mean ± SD) 44.98±12.38 49.08±11.27 0.497

SD: Standard deviation

Table 3. Correlation of preoperative to postoperative month-12 BCVA changes with retinal pigment epithelium (RPE), ellipsoid 
zone (EZ), and external limiting membrane (ELM) reflectivity from postoperative month 1 to month 12

Absolute EZ 
reflectivity change

Relative EZ 
reflectivity change

Absolute ELM 
reflectivity change

Relative ELM 
reflectivity 
change

Absolute RPE 
reflectivity change

BCVA 
change 

p=0.012
r=0.578

p=0.020
r=0.543

p=0.337
r=0.221

p=0.573
r=0.131

p=0.369
r=0.196
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and absolute and relative ELM reflectivities did not show 
significant differences between postoperative 1 month and 
12 months in two groups (p=0.855, p=0.431 and p=0.439, 
respectively).

Discussion

Idiopathic MH is a pathological condition that causes 
disruption of the retinal layers alignment. The EZ, which 
signifies the photoreceptor inner segment ellipsoid with densely 
packed mitochondria21, reflects photoreceptor integrity and 
function and is seen as a highly reflective continuous band just 
above the RPE in ultra-high-resolution OCT.22 In recent years, 
some authors have emphasized EZ integrity as a prognostic factor 
for the increase in visual acuity after vitrectomy in some retinal 
diseases.8,23,24,25,26,27,28,29 Baba et al.7 showed the importance of 
normal EZ for visual improvement after MH surgery. In a 
study by Shimozono et al.30 including 30 eyes of 30 patients 
with idiopathic MH that underwent successful vitrectomy, 
photoreceptor OS restoration was described as an important 
factor for visual recovery after MH surgery. Michalewska et al.31 
revealed resolved photoreceptor layer defects at postoperative 12 
months in 70.5% of MH surgery patients. In addition, Kim et 
al.32 used a photoreceptor layer map to show gradually decreased 
hyporeflectivity with improvement in visual acuity after MH 
surgery.

In the current study, we measured the reflectivity of the 
RPE, EZ, and ELM on SD-OCT scans using ImageJ image 
processing software to understand the effects of vitrectomy on 
the functionality of these layers in MH patients. We observed 
significant increases in EZ reflectivity (both absolute and 
relative) at postoperative 12 months compared to postoperative 
1 month, whereas RPE and ELM reflectivity did not show 
a difference between postoperative 1 month and 12 months. 
Some studies showed that decreased EZ reflectivity is associated 
with poor photoreceptor function.19,20 Our results also showed 
a significant positive correlation between EZ reflectivity and 
BCVA improvement. 

Schumann et al.33 reviewed patients with lamellar MH and 
macular pseudohole according to EZ and ELM integrity or 
discontinuity. They postulated that integrity of the ELM appeared 
to be more critical for visual improvement than integrity of the 
EZ. Chang et al.34 retrospectively reviewed 60 eyes of 56 patients 
that underwent successful vitrectomy and ILM peeling for 
idiopathic MH and concluded that postoperative visual acuity 
was correlated with restored ELM and EZ line. Furthermore, in 
a retrospective study, eyes with both ELM and EZ disruption 
showed significantly lower BCVA measurements at postoperative 
6 weeks than those with only EZ disruption, suggesting that 
ELM integrity is a critical factor for photoreceptor layer healing 
and visual improvement.35 However, in the present study we did 
not find any correlation between RPE or ELM reflectivity and 
visual acuity improvement. 

Other studies also showed that recovery of the macular 
contour, ELM, and EZ affected the recovery of vision after 

MH surgery.36,37 Kim et al.38 reported that the EZ recovered 
postoperatively in 19 patients (73.1%) and that better 
preoperative BCVA, smaller basal hole diameter, and shorter 
axial length were observed in eyes with recovered EZ. In another 
study, smaller defects in the EZ and absence of an ELM defect 
were found to be associated with better postoperative BCVA.39

Study Limitations
This study has some limitations, including the small sample 

size and its retrospective, non-randomized design. Potential 
transmission artifacts or some degrees of gliosis could influence 
the results of the current study.

Conclusion

In conclusion, EZ reflectivity seems to be essential for visual 
function and may be a predictor of functional and anatomical 
improvement after vitrectomy in MH patients.
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Introduction

Blindness is an important public health problem with 
economic and social dimensions. Blindness and low vision are 
indicators of the general health status of a society. Globally, 285 
million people suffer from visual impairment, 39 million of 
whom have a level of vision below the threshold for blindness.1 
Approximately 90% of blind people live in developing countries.2 
In addition, 80% of blindness occurs due to preventable or 

treatable causes. The most common cause of blindness worldwide 
is diabetic retinopathy.3 Diabetes is a common disease worldwide 
that causes ocular damage, including diabetic retinopathy. 

The prevalence and causes of blindness and low vision 
vary in different societies based on their level of development. 
According to data from the World Health Organization (WHO), 
the prevalence of blindness is 7.3/1,000 in Africa, 3.5/1,000 in 
America, 8.5/1,000 in the Eastern Mediterranean Region, and 
3.0/1,000 in Europe.4 

Objectives: To evaluate the causes and frequency of blindness among the adult Somali population according to the World Health 
Organization (WHO) criteria.
Materials and Methods: The data of 2,605 patients over 18 years old who presented to our tertiary hospital in Mogadishu (the capital 
of Somalia) were evaluated. Patients with best corrected visual acuity of less than 3/60 in both eyes were categorized as bilaterally blind 
and those with best corrected visual acuity of less than 3/60 in one eye but 3/60 or better in the other eye were classified as monocularly 
blind, as per the WHO classification.
Results: Of 2,605 patients, 1,251 (48%) were female and 1,354 (52%) were male. Among these, 256 patients were determined to have 
blindness in one or both eyes and were included in the study. The patients ranged in age from 19 to 85, and the mean age was 52.4±14.6 
years. The overall blindness rate in the Somali population was 9.8%. In the monocularly blind group, the most common factor was 
trauma complication (23.6%), followed by cataract (19%) and diabetic retinopathy (13.2%). In the bilaterally blind group, the most 
common factors were cataract (26.9%), diabetic retinopathy (21.1%), and glaucoma (15.4%).
Conclusion: Trauma is the leading cause of blindness due to the security conditions in the country. Establishing and increasing the 
number of free public health centers in Somalia can reduce the frequency of blindness.
Keywords: Blindness, World Health Organization, Somalia, trauma, cataract
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The appropriate allocation of resources is important for 
effective delivery of health services in underdeveloped and 
developing countries. In this respect, data on the causes of 
vision loss may be helpful in planning and utilizing resources 
appropriately. To be able to prevent blindness, appropriate data 
must first be collected.

Somalia is an underdeveloped country in Sub-Saharan Africa 
with a population of 14 million. To date, there has been no study 
on the prevalence of blindness in Somalia.

This hospital-based study was conducted at Somalia 
Mogadishu-Turkey Recep Tayyip Erdogan Training and 
Research Hospital and aimed to evaluate the causes and 
frequency of blindness among Somali adults. 

Materials and Methods

Patient Data
The files of 2605 patients over 18 years of age who presented 

to the Somalia Mogadishu-Turkey Recep Tayyip Erdogan 
Training and Research Hospital, Clinic of Eye between January 
2019 and January 2020 were analyzed retrospectively. Of these, 
256 patients determined to have monocular or bilateral blindness 
were included in the study. Approval for the study was obtained 
from the Somalia Mogadishu-Turkey Recep Tayyip Erdogan 
Education and Research Hospital Local Ethics Committee.

The demographic data and medical and family histories of 
all patients were recorded. Best corrected visual acuity (BCVA) 
was evaluated using a standard Snellen chart. Intraocular 
pressure (IOP) was measured using a pneumatic tonometer. 
Values 21 mmHg or higher with the pneumatic tonometer 
were measured again with a Goldmann applanation tonometer. 
Anterior segment examinations were performed with slit-
lamp biomicroscope. Detailed dilated fundus examinations 
were performed and when necessary, tests and imaging such as 
computerized visual field test, optical coherence tomography, 
ocular ultrasonography, magnetic resonance imaging (MRI), 
computed tomography, blood tests, fasting blood glucose, and 
hemoglobin A1C were requested. 

According to the WHO criteria, patients with BCVA worse 
than 3/60 in both eyes were classified as bilaterally blind while 
patients with BCVA worse than 3/60 in one eye and better than 
3/60 in the fellow eye were classified as monocularly blind.5 

In most cases, blindness was associated with a single cause. 
In cases with more than one cause, the factor with the greatest 
impact in the development of blindness was selected as the main 
cause, in accordance with the WHO recommendation.6

Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics 

version 23.0 software (IBM Corp., Armonk, NY, USA). Mean, 
standard deviation, and minimum-maximum values were 
determined for continuous variables. Frequency analysis was 
performed.

Results

Of the 256 patients, 120 (46.8%) were women and 136 
(53.2%) were men. The patients were between 19 and 85 years 
of age, with a mean age of 52.4±14.6 years. Both monocular and 
bilateral blindness increased with age (Table 1). This finding was 
statistically significant (p<0.05).

In this hospital-centered study, the overall blindness rate was 
found to be 9.8% in the adult Somali population. The number 
of blind women was 120 (8%) and the number of blind men was 
136 (10%). Blindness was bilateral in 104 patients (4%) and 
monocular in 152 patients (5.8%).

In the monocular blindness group, the most common cause 
was trauma complication (n=36, 23.6%), followed by cataract 
(n=29, 19%) and diabetic retinopathy (20, 13.2%) (Table 2). 

For bilateral blindness, the most common causes were 
cataract (n=28, 26.9%), diabetic retinopathy (n=22, 21.1%), 
and glaucoma (n=16, 15.4%) (Table 3).

In the bilateral blindness group, vision loss was caused by 
retinitis pigmentosa in 2 patients (1.9%) and degenerative 
myopia in 2 patients (1.9%), while in the monocular group, the 
cause of vision loss was deep amblyopia in 3 patients (2%) and 
pterygium in 2 patients (1.4%).

Table 1. Blindness distribution by age

Age group
(years)

Blind 
population

Total 
population

%

18-40 56 734 7.6

40-60 86 925 9.2

>60 114 946 12

Total 256 2.605 9.8

Table 2. Causes of unilateral blindness

Cause Female Male Total     % 

Complication of trauma 
(gun, shrapnel, etc.)

8 28 36 23.6

Cataract 16 13 29 19.0

Diabetic retinopathy 11 9 20 13.2

Corneal leucoma (microbial and 
dystrophies)

6 8 14 9.2

Glaucoma 5 7 12 7.9

Age-related macular degeneration 4 6 10 6.6

Retinal detachment 3 5 8 5.3

Uncorrected aphakia 4 3 7 4.6

Phthisis/evisceration 2 2 4 2.6

Uveitis 3 1 4 2.6

Deep amblyopia 2 1 3 2.0

Optic atrophy 2 1 3 2.0

Pterygium 0 2 2 1.4

Total 66 86 152 100
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Discussion

The prevalence of blindness among adults was determined 
to be 9.8% in this study. This rate was reported as 7.3% in 
Ethiopia, 5.8% in Mali, 13.7% in Jordan, 10.9% in South 
Africa, and 7.8% in Kenya, and may vary between countries 
based on socioeconomic level, ethnic diversity, the healthcare 
system, the number and quality of eye care professionals, as well 
as whether or not there are institutions that support them.7,8,9,10

In our study, it was found that the prevalence of blindness 
increased with age. The higher frequency of glaucoma, cataract, 
and age-related retinal diseases in adults aged 60 and older may 
explain the higher rate of blindness in this group. Our findings 
were similar to those in other countries.11,12,13

Trauma complications were found to be the most common 
cause of monocular blindness. This may be a result of the 
terrorist acts and state of chaos that have persisted in the country 
for years. Based on our observations, this high rate may be due 
to the frequent bomb explosions in Somalia (twice a month on 
average) and the fact that nearly everyone owns a weapon and 
attempts to settle even minor arguments with firearms or non-
firearm weapons. It was also observed in this study that trauma 
was more common among men. In Somalia, the fact that men are 
more active and work outside make them vulnerable to trauma. 
Similar findings were reported in a study related to ocular trauma 
patterns conducted in Nepal and a study conducted in the Bursa 
region of Turkey by Argun Kivanc et al.14 ,15 Both studies showed 
that the agriculture and construction sectors generally employ 
men and that ocular trauma is more common among workers 
in these sectors.15 Most of the male patients in our study group 
were also working in these areas, and our findings were similar 
to those reported in these two studies.

Furthermore, the majority of the Somalian population lives 
in rural areas and earns a living from agriculture and animal 

husbandry. Because patients also pay their own healthcare costs, 
it has been observed that early presentation to health services 
after ocular trauma is uncommon among agricultural workers. 
This seems to be another reason for the high rate of trauma-
related blindness.

As ours is the only tertiary care hospital in Somalia, the 
country’s complicated ophthalmological cases are referred to 
our clinic. It has been observed that patients living far from 
the capital who present to local doctors after ocular trauma are 
referred to our clinic for surgical treatment. Referred patients 
are able to present to our clinic a few days later. No matter 
how quickly these patients are treated in our clinic, their vision 
may remain below the blindness threshold because of late 
presentation.

According to WHO data, the leading cause of blindness 
worldwide is cataract (51%).6 Blindness is defined as having a 
level of vision not exceeding 3/60 despite all treatments. Today, 
however, cataract is a surgically treatable condition. WHO’s 
inclusion of cataract patients in the classification of blindness 
required us to evaluate these cases in our study. Cataract was 
the most common cause of bilateral blindness (26.9%) and 
the second most common cause of monocular blindness (19%) 
in our study. This finding was similar to those in developing 
countries. A rate of 23.4% was reported in Ethiopia, 36.5% in 
Nigeria, 19.2% in Mali, and 34.9% in Mongolia.10,16,17,18 Based 
on our observations, patients present very late to ophthalmology 
clinics due to the lack of a publicly funded healthcare system 
in Somalia, resulting in them having to pay the full cost of 
cataract surgery themselves, and the low income in the general 
population. These reasons may explain why cataract is the most 
common cause of bilateral blindness.

In our study, diabetic retinopathy emerged as another 
common cause of blindness. We believe factors that may increase 
the impact of diabetic retinopathy as a cause of blindness in 
Somalia include the lack of intraocular injection therapy for 
diabetic macular edema, the inability to diagnose and treat with 
methods such as fundus fluorescein angiography and argon laser 
photocoagulation, as well as patients’ systemic comorbidities 
such as hypertension and kidney failure, and poor blood glucose 
control. 

Another cause of blindness resulting from retinal damage 
in our study was age-related macular degeneration (6.6% 
unilateral, 9.7% bilateral). Blindness due to age-related macular 
degeneration and diabetic retinopathy is on the rise in both 
developed and developing countries. In Turkey, Özen Tunay et 
al.19 determined in their study of the geriatric age group that age-
related macular degeneration was the most common cause of low 
vision in presenile and senile groups. As development continues 
and the average lifespan becomes longer in Somalia, we believe 
there will be an increase in vision loss associated with retinal 
diseases in the near future.

Glaucoma was found to be the third most common cause 
of bilateral blindness (15.4%). Glaucoma is a common cause 

Table 3. Causes of bilateral blindness

Cause Female Male Total     % 

Cataract    16 13 28 26.9

Diabetic retinopathy 12 10 22 21.1

Glaucoma 9 7 16 15.4

Age-related macular degeneration 4 6 10 9.7

Uncorrected aphakia 5 3 8 7.8

Corneal leucoma (microbial and 
dystrophies)

4 3 7 6.7

Trauma complication 1 3 4 3.8

Optic atrophy 2 1 3 2.9

Phthisis/evisceration 1 1 2 1.9

Retinitis pigmentosa 1 1 2 1.9

Degenerative myopia 0 2 2 1.9

Total 54 50 104 100
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of blindness in both developed and developing countries.20,21 In 
previous studies, blindness due to glaucoma was reported at rates 
of 7.1% in Pakistan, 15.4% in Sweden, 7.7% in China, 5% in 
Iceland, and 17% in Saudi Arabia.3,21,22,23,24

There are no previous studies reporting the prevalence of 
glaucoma in the Somali population. However, according to 
our clinical observations, glaucoma patients tend to present to 
the outpatient clinic at a late stage. We have also observed that 
awareness of glaucoma is low. Insufficient access to medicines 
(largely due to financial incapacity) and low awareness among 
patients are thought to contribute to blindness caused by 
glaucoma.

Although this study provides data regarding monocular and 
bilateral blindness from all regions of Somalia, it may not be able 
to determine the actual prevalence due to its hospital-centered 
design. We believe that society-based studies are necessary to 
establish the exact prevalence.

Conclusion

Trauma is the most important cause of blindness due to 
national security conditions. The lack of a national healthcare 
system in Somalia is a notable factor in patients’ late presentation 
to healthcare clinics for their medical problems and increases 
the rate of blindness. Considering that 80% of blindness is 
preventable and treatable according to WHO data, primary 
healthcare services should be established in Somalia and these 
centers should be encouraged to conduct screening programs. 
Public hospitals with free service should be established to reduce 
the growing problem of blindness. These centers should include 
treatment and follow-up clinics for low-income patients with 
diseases such as cataract, glaucoma, and diabetic retinopathy. 
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Introduction

Primary melanoma of the eye can occur in four different 
anatomical compartments of the globe: the orbit, eyelids, 
conjunctiva, and uvea (subdivided as the iris, ciliary body, 
and choroid). Conjunctival melanoma (CM) is considered an 
ocular surface neoplasia and accounts for 1-7% of all ocular 
melanomas, with an incidence rate nearly one-tenth of that of 
uveal melanoma in whites.1 CM, which can arise from primary 
acquired melanosis (PAM), from an existing conjunctival nevus, 
or de novo, is derived from a malignant proliferation of 
melanocytes of neural crest origin that normally reside in the 
basal layer of the conjunctival epithelium.2 

CM differs substantially in histopathology, genetic profile, 
and management from other ocular melanomas and is handled 
as a separate entity in clinical practice. Even so, in terms of 
histopathogenesis, molecular biology, and biological behavior 
such as distant metastatic pattern, CM lies biologically closer to 

mucosal and cutaneous melanomas than does a uveal melanoma.3 
The pattern of metastasis usually presents with spread to the 
regional lymph nodes first in CM and cutaneous melanoma, 
while uveal melanoma primarily tends to cause hematogenous 
metastasis to the liver.4 Another common trait between CM and 
cutaneous melanoma is that they are derived from melanocytes 
of neural crest origin, which migrate toward epithelium, whereas 
the melanocytes that form uveal melanoma cells migrate into 
deep mesodermal tissue. 

CM is a potentially sight- and life-threatening tumor if left 
untreated, with a 10-year mortality rate up to 30%.4 Spread 
of the uncontrolled disease can manifest as local recurrence, 
involvement of distant conjunctiva, or distant metastasis through 
regional lymph nodes via involvement of blood vessels or 
lymphatics located in the substantia propria of the conjunctiva.1 
All considered, CM requires appropriate management in line 
with the recent advances in our understanding of this disease. 
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Epidemiology

The current epidemiological data for CM shows an incidence 
of 0.2-0.8 per million with a race predilection favoring non-
Hispanic whites, and even though it is a rare disease, there is 
an upwards trend in incidence which is mostly attributed to 
ultraviolet radiation exposure.5 It is a disease of middle-aged 
individuals 55 to 65 years old, and is even rarer in childhood, 
where less than 1 in 20 conjunctival tumors are malignant. 
There is no proven sex predilection for CM. In large series of 
conjunctival specimens in tertiary referral centers, CM constitutes 
12-25% of all excised conjunctival tumors and 23-25% of all 
excised melanocytic conjunctival lesions.6 Population-based 
studies report a lower ratio, including a recent study from 
Olmsted County, Minnesota reporting 6 melanoma cases out 
of 504 patients with a conjunctival tumor.7 Table 1 shows the 
incidences reported for CM in recent population-based studies 
involving Caucasian populations in the Western world.3,7,8,9,10,11,12

Clinical Findings

CM clinically presents as an elevated macule, plaque, nodule, 
or diffuse infiltration with varying pigmentation from light 
brown to dark brown, and in rare cases as an amelanotic mass 
(Figure 1). Recurrent lesions tend to be lighter compared to 
primary CM.13 Any immobile, melanocytic conjunctival lesion 

with prominent vascularity should raise suspicion for CM. 
Nearly one third of CMs can be multifocal.14 The most common 
location for CM is the peribulbar conjunctiva near the limbus, 
especially temporally.4 Benign tumors are rarely seen in the 
extrabulbar conjunctiva (palpebral and forniceal conjunctiva) 

Table 1. Recent population-based studies of CM involving Caucasian populations in the Western World

Study group Reported incidence rate Details Study population 
(years)

Location

Isager et al.8 For men: 0.78 (CI 0.74 to 0.82), 
for women: 0.65 (CI 0.61 to 
0.68) per 100,000 person-years

Stable incidence for choroid, ciliary body and 
conjunctival melanomas, M=F 

1943-1997 Denmark

Larsen3 As high as 2.12 per 1,000,000 
(CI 1.23 to 3.65)

Increasing incidence over time, M=F, epibulbar> 
extrabulbar>caruncular, more frequent in sun-
exposed areas

1960-2012 Denmark

Dalvin et al.7 1.5 per 1,000,000 
(CI 0.3 to 2.8)

Analysis of incidence over time was not possible due 
to small number of patients, M=F

1980 -2015 Olmsted County, 
Minnesota

Missotten et al.9 0.05 per 100,000 Similar to the previously reported incidence of 
0.05/100,000 in the Netherlands

1950-2002 The Netherlands
(70% of CMs in the 
Netherlands)

Tuomalaa et al.10 0.51 per 1,000,000 Age-adjusted incidence increased from 0.4 to 0.8 
during the study period. Similar increase curve in 
incidence of cutaneous melanoma.

1967-2000 Finland

Triay et al.11 In men: 0.74 per 1,000,000 
In women: 0.45 per 1,000,000 

Overall age-standardized incidence of CM showed a 
sevenfold increase (from 0.08 cases/million to 0.56 
cases/million)

1960-2005 Sweden

Ghazawi et al.12. 0.32 cases per 1,000,000 (0.35 
and 0.29 per 1,000,000 for men 
and women, respectively)

North to south gradient of increasing incidence is 
consistent with literature for cutaneous melanoma. 
Incidence was stable over the studied years.

1992-2010 Canada

CI: Confidence interval, M: Male, F: Female

Figure 1. Anterior segment photography of various clinical presentations. A) 
A limbal, vascularized melanotic mass later proved to be CM. Note the finely 
vascularized amelanotic base and dilated conjunctival feeder vessels. B) A large 
limbal CM surrounded by diffuse PAM, which suggests PAM as the origin. C) 
Forniceal location of CM. D) CM involving the plica semilunaris and caruncle. 
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and caruncle, so any pigmented lesion in this area should raise 
suspicion for CM. 

Differential Diagnosis

The differential diagnosis of CM includes other melanocytic 
lesions of the conjunctiva including conjunctival nevus, 
congenital melanosis, primary or secondary acquired melanosis, 
extraocular extension of uveal melanoma, metastatic CM of 
cutaneous origin,15 pigmented squamous cell carcinoma or 
papilloma, sebaceous carcinoma, and oncocytoma. A variety of 
non-melanocytic entities such as Axenfeld nerve loop, pyogenic 
granuloma, infected epithelial inclusion cyst, post-surgical 
hematoma, mycosis, mascaroma, argyrosis, pinguecula, and 
foreign body are the other entities that can mimic CM. In all 
patients (including pediatric cases), older age, larger mean basal 
diameter, thicker tumors, hemorrhage, and absence of cysts 
favor CM rather than conjunctival nevus.6 The co-occurrence 
of an intraocular tumor and a pigmented conjunctival lesion 
with spared conjunctival epithelium should initially suggest 
an extraocular extension of the intraocular tumor, because CM 
only invades the globe in the most advanced cases unless there 
is a facilitating wound such as previous sclerectomy or cataract 
incision.16 Of the entities considered for differential diagnosis, 
PAM is of particular clinical importance and will be addressed 
separately below. 

Primary Acquired Melanosis

PAM is considered the benign counterpart of CM and is the 
precursor lesion in 25-75% of CMs, while nearly 50% of PAM 
with atypia progress to CM.17 PAM usually presents as unilateral 
patchy or diffuse superficial pigmentation of the epibulbar 
conjunctiva with or without waxing and waning (Figure 2). The 
rest of CM cases not associated with PAM arise from preexisting 
nevi or de novo, with only 1% of conjunctival nevi found to 
progress to CM after 7 years of follow-up.2,15 Additionally, 
dysplastic nevus syndrome is another possible predisposing 

condition for CM, although a risk prediction or prognostication 
for CM or a direct link between the two diseases has yet to 
be determined. Studies of time trends in CM incidence have 
revealed that CM lesions have been detected at lower thicknesses 
and diameters over time, which suggests earlier diagnosis, but 
tumors as large as 40 mm in largest basal diameter and 15 mm 
in thickness are still reported in large series.6

In general, CM presents nearly a decade later than PAM, 
which correlates with the process of transformation into 
melanoma. Similarly, patients with PAM without atypia were 
found to be younger than those having PAM with atypia, 
though a similar pattern of progression among the latter two 
has yet to be determined in humans.17 The differentiation of 
PAM with atypia and without atypia is based on histopathology 
only; however, clinical clues favoring CM versus PAM have been 
defined as: thickness more than 1 mm, lack of pigment, presence 
of feeder or intrinsic vessels, cysts, hemorrhage, older age, and 
tarsal location.6 

The terminology for what is called PAM today has shifted over 
time, initially from precancerous melanosis to benign acquired 
melanosis, then to melanoma in situ,18 and today PAM represents 
acquired melanosis with or without atypia.16,17 Some centers 
have replaced the term PAM with conjunctival melanocytic 
intraepithelial neoplasm (C-MIN) with an additional histological 
grading system based on horizontal epithelial involvement, 
vertical depth of melanocytic infiltration, and degree of cellular 
atypia, where the lowest C-MIN score of 0 corresponds to 
melanosis, 1 corresponds to “PAM with mild atypia”, 2 or 3 
corresponds to “PAM with moderate atypia”, 4 corresponds to 
“PAM with severe atypia”, and a score of 5 or more corresponds 
to CM in situ.19 In both cases, either PAM or C-MIN, the lesions 
are described clinically as flat, usually unilateral, patchy or 
diffuse, unifocal or multifocal, noncystic melanocytic lesions of 
the conjunctiva generally seen in Caucasians.

Based on current knowledge, it is now considered 
overtreatment to perform orbital exenteration, whereas this 
was once considered the main approach for these lesions.18 The 
contemporary approach to PAM treatment lacks standardization 
and consists of close observation, excision alone or combined 
with cryotherapy, and topical chemotherapy with mitomycin C, 
5-fluorouracil, or interferon-alpha-2-beta.19 Additional mapping 
biopsies before commencing treatment may aid in determining 
the need for brachytherapy in tumors with a high C-MIN score, 
the extent of the disease (particularly in amelanotic disease),19 
and the degree of atypia at different locations, as the lesion may 
be multifocal. However, incisional or needle biopsies for CM 
should be avoided because these procedures are associated with 
tumor recurrence and iatrogenic seeding.1 Impression cytology 
(IC) is also not recommended in melanocytic proliferations of 
the conjunctiva.20 Our approach to PAM/C-MIN consists of 
total excision where possible and several incisional biopsies 
combined with topical 0.04% mitomycin C drops 4 times a day 
for 2 weeks followed by a 2-week drop-free period, for at least 
2 cycles, targeting residual or resistant areas in more extensive 
cases. Extensive PAM or PAM with atypia should be approached 

Figure 2. Eversion of the lower eyelid reveals diffuse PAM, especially in the tarsal 
conjunctiva. Note the additional limbal pigmentation.
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with vigilance, as PAM with atypia has a 13% risk of conversion 
to CM as opposed to 0% in PAM without atypia, and each 
clock hour increase in the extent of the lesion increases the 
likelihood of CM 1.7 times.21 Histologically, PAM with atypia 
is considered to pose a higher risk of progression to melanoma 
with increasing number of epithelioid melanocytes and when 
there is intraepithelial pagetoid spread.16 Additionally, the risk 
of progression to CM increases with increasing clinical extent 
of PAM.21

Histopathology 

Detecting the atypical melanocytes of CM can be challenging, 
particularly when composed purely of small polyhedral cells. 
The pathological diagnosis of CM is made when atypical 
melanocytes are seen to invade the substantia propria, with loss 
of maturation and loss of normal polarity.15 CM can be composed 
of 4 different cell types in variable proportions: small polyhedral 
cells, epithelioid cells, balloon cells, and spindle cells.17 Features 
that favor melanoma rather than nevus histopathologically 
are intraepithelial component of PAM with atypia displaying 
pagetoid growth, intraepithelial radial extension beyond the 
lateral edge of invasion of the substantia propria, inflammation 
at the base of the lesion, mitotic activity, loss of normal polarity, 
and production of tyrosinase at the base of the lesion.16 Invasion 
of the substantia propria is required for definitive diagnosis of 
CM; however, in both PAM and CM, atypical melanocytes can 
show nesting in the epithelial junction and pagetoid spread 
into the epithelium, where prominent atypical features such as 
nuclear pleomorphism, prominent nucleoli, atypical mitoses, and 
abundant cytoplasm favor CM.16

Diagnostic Tools

As for all conjunctival lesions raising suspicion for malignancy, 
the gold standard for CM diagnosis relies on histopathology.22 
However, there are some adjuvant diagnostic tools which aid in 
differential diagnosis.

a) Slit-lamp Biomicroscopy Documentation and Follow-up

Photographic documentation of the conjunctival melanocytic 
lesion should be carried out initially and at follow-up visits 
together with clinical mapping, expression of extent in clock 
minutes, and schematic drawing introduced by Damato et al.23 
A thorough slit-lamp examination and documentation of the 
following should be made at every visit: the eyelid skin, whole 
conjunctival surfaces including palpebral conjunctiva with 
eversion, forniceal conjunctiva, tarsal conjunctiva, caruncle, plica, 
puncta, and all other visible portions of bulbar and nonbulbar 
conjunctiva. Care should be taken to note corneal involvement, 
if any. Adherence of the tumor to the underlying structures 
should be tested using a cotton-tipped swab as it is both helpful 
in differential diagnosis and surgical planning. The preferred 
approach is to excise the lesion in total when CM is suspected; 
however, serial photographic and schematic documentation is 

crucial when monitoring a PAM lesion since it is not possible to 
clinically determine which PAM lesions will transform into CM.

b) Impression Cytology
There are few studies on IC of pigmented conjunctival 

lesions, including CM.24,25 Of these, Paridaens et al.25 reported 
74% agreement between IC and histopathology in a 24-patient 
series including 9 cases of CM. Eight cases of CM were suitable 
for IC evaluation, and in 7 out of 8 cases IC confirmed later 
biopsy-proven CM, and 4 out of 7 cases of PAM with atypia were 
diagnosed accurately with IC.25 Keijser et al.24 reported 85% 
sensitivity, 78% specificity, 59% positive predictive value, and 
93% negative predictive value for IC for conjunctival pigmented 
lesions in a study of 294 smears and 157 histological samples 
from 182 patients. They suggested prompt excision for grade 3 
and 4 lesions in IC, but CM also developed within 6 months after 
IC in 35% of grade 0 lesions (insufficient material for diagnosis), 
6% of grade 1 lesions (normal conjunctival cells), and 7% of 
grade 2 lesions (melanocytes with mild atypia).24 In the light of 
these findings, because IC only evaluates superficial epithelial 
cells, leaving out deeper lesion components, and morphological 
changes could be induced in the samples with brush cytology, IC 
is not recommended in the current or 8th edition of the American 
Joint Committee on Cancer (AJCC) guideline.20

c) Dermoscopy
Dermoscopy is a method of in vivo microscopic visualization 

of particularly pigmented skin lesions. Recently in a series of 
dermoscopic visualizations of 147 conjunctival lesions, 8 were 
CM with brown pigmentation, and the defined dermoscopic 
pattern for these was irregularly distributed dots confluent in 
a structureless pattern.26 In differentiation of CM from PAM, 
PAM lesions in this series had a diffuse distribution of dots, 
and as an indication of uninvolved episclera and sclera in the 
pigmented conjunctival lesions, they observed and described a 
“flag sign” of multiple epithelial folds of the pigmented lesion at 
the edge of the lesion.26 Whether dermoscopy and digital surface 
dermoscopy would be complementary imaging for slit-lamp 
biomicroscopy remains controversial due to small sample sizes. 

d) Pump-probe Microscopy
Pump-probe microscopy uses a two-colored pulse laser 

source to distinguish between different types of melanins with 
high spatial resolution. Wilson et al.27 demonstrated qualitative 
and quantitative differentiation of melanin composition in 
conjunctival nevi, PAM, and CM.27 The authors believed this 
imaging method aided in the detection of recurrences and 
evaluation of surgical margins by taking advantage of biological 
and photochemical properties.27 Similarly, Robles et al.28 reported 
92.3% and 97.5% sensitivity and specificity, respectively, in the 
differentiation of invasive pigmented conjunctival lesions from 
noninvasive counterparts with this method.28 

e) Anterior Segment Optical Coherence Tomography 
(AS-OCT)

Anterior segment optical coherence tomography is superior 
to ultrasound biomicroscopy (UBM) imaging in terms of 
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visualization of anterior chamber anatomy and imaging of the 
anterior border of the lesion, but it fails to demonstrate posterior 
layers of larger and pigmented tumors due to optical shadowing. 
With high-resolution OCT, which has increased scan depth 
and axial resolution, conjunctival nevi and CM are shown to 
display intensely hyperreflective basal epithelial layers, and CM 
is differentiated from nevi by the intense posterior shadowing 
seen with most CMs.29

f) In vivo Confocal Microscopy (IVCM)
In vivo confocal microscopy is an anterior segment imaging 

modality which utilizes near-infrared laser to collect the 
reflection at the same point as the light source. Its use is limited 
in CM since it provides no sense of depth or thickness, which is 
crucial in management of the disease. In CM, IVCM can display 
atypical, highly reflective cells with prominent nuclei and large 
nucleoli, such as in extrascleral extension of uveal melanoma. 
It can also be helpful to differentiate between PAM with and 
without atypia, as PAM with atypia shows a large network of 
dendritic cells and hyperreflective granules throughout the 
epithelium, while these are confined to the basal layer in PAM 
without atypia. As a diagnostic tool for CM, IVCM is reported 
to have 100% sensitivity and 78% specificity for diagnosis of 
conjunctival malignant tumors.30 With IVCM, the presence 
of hyperreflective Langerhans cells mimicking malignant 
melanocytes is considered the main cause for misdiagnosis of 
malignant conjunctival tumors.30

g) Ultrasound Biomicroscopy (UBM)
The use of UBM in CM as a diagnostic tool involves 

defining the extent and thickness of the disease, visualizing the 
tumor margins, and ruling out intraocular invasion of CM or 
extraocular extension of uveal melanoma. Even though UBM 
provides better resolution of pigmented conjunctival lesions 
with less optical shadowing and offers a larger field of view 
compared to AS-OCT, the depth of penetration is still limited to 
4-5 mm due to high-frequency transducers.

h) Photoacoustic Imaging
Photoacoustic imaging in vivo was recently described as a 

noninvasive tool for CM detection and growth monitoring in 
an animal model of CM in albino mice.31 The principle relies on 
the photoacoustic signal intensity of melanin and the purpose is 
to perform a photoacoustic tomography. The authors concluded 
that the photoacoustic signal correlated well with total and 
melanotic tumor volume.31 Still, this imaging method needs to 
be further confirmed in different clinical settings in human eyes 
with tumors of variable pigmentation and melanin content.

i) Metastatic Screening and Systemic Work-up 
Upon clinical examination of CM, suspicion of deep invasion 

of the sclera or intraocular, orbital, or sinus invasion should 
prompt computer tomography (CT) or magnetic resonance 
imaging (MRI).20 Anterior chamber angle invasion should 
readily be examined with gonioscopy and UBM is helpful in 
visualization of the anterior portion of the globe including the 
ciliary body and most anterior part of the sclera. Bowman’s 

membrane acts as a natural barrier against deeper invasion 
of the cornea, so care should be taken to leave the membrane 
intact during surgical excision. Invasion of the nasolacrimal 
passage and any other surrounding tissue by CM is also possible 
with pagetoid spread. Because the substantia propria of the 
conjunctiva is loose connective tissue rich in blood vessels 
and lymphatics, metastasis of CM can occur via lymphatic or 
hematogenous routes. Primary sites for lymphatic metastasis are 
regional draining lymph nodes of head and neck, including the 
preauricular, posterior auricular, submandibular, and cervical 
lymph nodes.32 Hematogenous dissemination can occur in 
virtually any part of the body but the most common sites for 
distant hematogenous metastasis are the lungs, brain, liver, and 
bones.32,33 Distant metastases without involvement of regional 
lymphatics are not uncommon.33 Accordingly, metastatic 
follow-up with annual chest X-ray and cranial MRI can be 
recommended in CM. The metastatic screening protocol of CM 
consists of clinical evaluation of the head and neck lymph nodes, 
liver function tests, liver ultrasound, chest X-ray, sentinel lymph 
node biopsy for lesions >2 mm with ulceration, and questioning 
nose bleeding, epiphora, change in smell sensation, and nasal 
obstruction, all repeated semi-anually.34 The role of positron 
emission tomography/computed tomography (PET/CT) has been 
limited in CM. Currently it is not suggested as a preoperative 
metastasis screening modality but rather a helpful tool in follow-
up or restaging of selected patients.

j) Sentinel Lymph Node Biopsy (SLNB)
In CM, the concept of regional metastasis in draining lymph 

nodes as a precursor of distant metastasis is partially invalidated 
by the fact that distant metastasis can occur without any clinical 
involvement of the lymph nodes.3,33 Still, the micrometastatic 
state of the regional lymph nodes remains to be tested in these 
cases. The estimated cumulative incidence of 10-year lymph 
node metastasis in CM is between 11% and 28%, and 45% of 
those who develop metastasis of CM have initial metastasis to 
lymph nodes.32 The rationale of SLNB is detection of lymphatic 
metastasis before it is clinically overt, assuming the patient will 
benefit from lymph node excision in terms of survival. In 2008, 
Tuomaala and Kivelä35 proposed a guideline to determine the 
CMs deserving SLNB, in which they suggested performing 
SLNB on tumors with >2 mm thickness and nonlimbal 
location. Their suggestion was based on the evidence that the 
cumulative incidence of initial or systemic metastasis of tumors 
measuring no more than 2 mm in thickness was 5% at 10 years 
and nearly 20% at 5 years for tumors with >2 mm thickness, 
and the cumulative incidence of initial or systemic metastasis 
of limbal tumors was less than 10% at 10 years and nearly 20% 
for nonlimbal tumors at 5 years.35 They performed SLNB at the 
time of excisional surgery.35 In 2015, Aziz et al.36 expanded the 
high-risk clinical and pathological characteristics that warrant 
SLNB to nonlimbal location, thickness >2 mm, ulceration 
on pathology, and >1 mitotic figures. Histopathologically, 
ulceration means the loss of epithelium over the tumor and is 
shown to be related to both lymph node and distant metastases. 
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Therefore, SLNB should also be considered in tumors showing 
ulceration even when the thickness is <2 mm. Intraoperative 
SLN assessment is recommended by some groups based on the 
proposal of better visualization of lymph nodes intraoperatively, 
but objected to by others to avoid a possible iatrogenic tumor 
dissemination, or to allow time for detailed histopathological 
evaluation for high-risk factors.36,37 When a positive SLN is 
detected, neck dissection should be planned and depending 
on the extent of the disease, adjuvant therapy in the form of 
radiation treatment, chemotherapy, high-dose interferon, or 
biochemotherapy may be offered.33 The positivity rate with 
SLNB in CM is 11% to 16%, and the reported false-negativity 
rate (i.e., the development of nodal metastasis during follow-up 
despite exclusion of micrometastasis with SLNB) is as low as 
8%. However, a consensus is lacking on the definition of false-
negativity in terms of duration of follow-up.37 A recent study 
favoring SLNB was performed by Esmaeli et al.38 where 31 of 
88 consecutive patients underwent SLNB and positive SLN was 
significantly associated with worse disease-free survival. The 
authors concluded that SLN positivity was a strong predictor 
of prognosis and therefore SLNB is helpful in the classification 
of high-risk patients and nomination of those who will receive 
adjuvant treatment.38

Prognosis
To date, a large number of population-based or clinical 

studies have reported local recurrence rates, 5-year and 10-year 
survival rates, risk factors for local recurrence, and risk factors 
for distant metastasis. These factors, described mostly in the last 
decade, can be classified as clinical and histopathological. 

a) Clinical
Local recurrence rates, mortality rates, and clinical factors 

associated with disease prognosis are listed in Table 2.2,3,9,10,14,3

2,39,40,41,42,43,44,45,46 A recent publication of 70 patients associated 
light iris color and low tumor pigmentation, and low tumor 
pigmentation was found to be related to metastasis formation 
and death in both uni- and multivariate analyses.47 Recurrence 
was associated with low tumor pigmentation in multivariate 
but not univariate analysis.47 This was confirmed by a larger 
series of 444 CM patients, including 177 recurrent cases, in 
which low primary tumor pigmentation was linked to higher 
recurrence rate, recurrences with low pigmentation, and greater 
risk of metastases and death; however, recurrences with low 
pigmentation did not carry risk for increased metastases or 
death.13

b) Histopathological
Histopathological criteria for CM associated with worse 

prognosis and increased mortality are presence of tumor-
associated lymphangiogenesis, lymphocytic infiltration of the 
tumor, tumor thickness more than 2 mm, presence of surface 
ulceration, increasing depth of invasion, absence of complete 
surgical clearance, mitotic figure count >5/10 high-power fields, 
pagetoid growth pattern, and absence of focal inflammation.17 
Origin of the CM has no direct effect on prognosis but CM 

arising from PAM has a tendency to recur.17 The recurrence rate 
after excision of PAM with tumor-free surgical margins has been 
reported to be 26% in 5 years and 65% in 15 years.2

On a molecular level, chemokines and chemokine receptors 
have been studied as potential trophic factors for metastatic spread 
of several malignancies, including conjunctival melanoma.48 
Immunoreactive scores for chemokine receptors CXCR4 and 
CCR10 were shown to be related to progression of melanocytic 
conjunctival lesions towards CM with significant differences in 
nevi versus melanoma, and CXCR4 upregulation was found to 
be related to metastatic potential of CM.48

Staging

In order to clinically and histopathologically classify 
CM, a few decades ago the Clark-McGovern classification of 
cutaneous melanoma was adapted with partial success and 
certain limitations, mainly because the conjunctiva lacks a 
papillary dermis, unlike skin, and vertical growth of the lesion 
cannot be assessed properly. On a macroscopic level, the disease 
can be classified as focal/nodular or diffuse/widespread. Unlike 
CM without PAM, CM with PAM mostly exhibits other risk 
factors for metastasis such as melanocytic atypia and palpebral 
conjunctiva involvement; therefore, CM with and without PAM 
should be classified separately.

The most recent AJCC tumor (T), node (N), metastasis (M) 
classification system offers a classification for CM based on tumor 
location and size (T), lymph node status (N), and presence of 
metastasis (M) (Table 3).20 In this classification system, lower T 
grades correlate with less extensive disease, and according to the 
7th edition of the AJCC TNM classification, CM survival was 
found to correlate with local recurrence, lymph node metastasis, 
and death, with T1 tumors representing less risk than T2 and 
T3 disease.49 The term Tis, standing for melanoma in situ, was 
first introduced in the 7th edition, together with separation of 
caruncular tumors from the rest of the nonbulbar locations, and 
further modifications made in the latest 8th edition include 
regarding Tis as a pathological diagnosis, reclassification of the 
depth of substantia propria invasion with a threshold of 2 mm 
in pathologic staging, and removal of biopsy criteria from the 
N0 category.20 It is also advised that the term PAM should also 
be used clinically and the underlying process, whether melanosis 
or melanocytosis, together with the extent should be reported 
pathologically.20

Validation of the 8th edition of the AJCC classification of 
CM was conducted in a large-scale, multicenter international 
study including 288 eyes of 288 patients. The study confirmed 
higher mortality rates in cT2 and cT3 tumors than in cT1 as 
well as higher mortality rates in pT2 and pT3 tumors compared 
to pT1.50 Furthermore, tumor thickness, ulceration, and tumor 
invasion but not caruncle or plica involvement were identified 
as independent risk factors for mortality.50 Despite having a 
large cohort for such a rare cancer, this study lacked subgroup 
analysis and considered metastasis equivalent to mortality. 
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Esmaeli51 further emphasized pathologic factors such as tumor 
thickness and ulceration as prognostic predictors and suggested 
incorporating these factors into the AJCC classification.  
A detailed subgroup analysis of cumulative mortality between 
pT1a, pT1b, pT2a, and pT2b was also recommended in order to 
study the exact effect of tumor thickness on mortality.51 Other 
authors have expanded the factors to be incorporated into future 
AJCC classifications by adding positive SLNB as a prognostic 

factor.36,49 Tumor thickness and histologic ulceration were 
reported as the strongest predictors for nodal metastasis, distant 
metastasis, and melanoma-related death, rather than bulbar 
versus nonbulbar location and caruncular versus noncaruncular 
location.38 This is in part due to the discrepancy between clinical 
and pathological classification of T-categories, where Tis can 
correspond to a broad range of clinical T-categories, T1, T2, 
and even T3.38 This problem is overcome by excluding Tis from 

Table 3. TNM definitions according to 8th American Joint Committee on Cancer (AJCC) Classification for CM.20

Clinical tumor category (c) Clinical tumor criteria

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1
T1a
T1b
T1c
T1d

Tumor of the bulbar conjunctiva
   <1 quadrant
   ≥1 to <2 quadrants
   ≥2 to <3 quadrants
   ≥3 quadrants

T2
T2a
T2b
T2c
T2d

Tumor of the nonbulbar (forniceal, palpebral, tarsal) conjunctiva, and tumor involving the caruncle
Non-caruncular, and ≤1 quadrant of the non-bulbar conjunctiva involved
Non-caruncular, and >1 quadrant of the non-bulbar conjunctiva involved
Caruncular, and ≤1 quadrant of the non-bulbar conjunctiva involved
Caruncular, and >1 quadrant of the non-bulbar conjunctiva involved

T3
T3a
T3b
T3c
T3d

Tumor of any size with local invasion
Globe
Eyelid
Orbit
Nasolacrimal duct and/or lacrimal sac and/or paranasal sinuses 

T4 Tumor of any size with invasion of the central nervous system

N category N criteria

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis

M category M criteria

M0 No distant metastasis

M1 Distant metastasis

Pathological tumor category (p) Pathological tumor kriteria

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Melanoma confined to conjunctival epithelium

T1
T1a
T1b

Tumor of the bulbar conjunctiva
Tumor of the bulbar conjunctiva with invasion of the substantia propria, not more than 2.0 mm in thickness
Tumor of the bulbar conjunctiva with invasion of the substantia propria, more than 2.0 mm in thickness

T2
T2a
T2b

Tumor of the non-bulbar (forniceal, palpebral, tarsal) conjunctiva. and tumor involving the caruncle
Tumor of the non-bulbar conjunctiva with invasion of the substantia propria, not more than 2.0 mm in thickness
Tumor of the non-bulbar conjunctiva with invasion of the substantia propria, more than 2.0 mm in thickness

T3
T3a
T3b
T3c
T3d

Tumor of any size with local invasion
Globe
Eyelid
Orbit
Nasolacrimal duct and/or lacrimal sac and/or paranasal sinuses 

T4 Tumor of any size with invasion of the paranasal sinuses and/or central nervous system
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metastasis analyses, which made it possible to purely study the 
effects of thickness and ulceration, as Tis lesions are not expected 
to cause distant metastases or death.38 Overall, it is likely that 
tumor thickness and ulceration will be more distinctively 
incorporated in future AJCC classifications, similar to that of 
cutaneous melanoma.

Conclusion

Even though CM is regarded as a rare entity, it can have 
a severe impact on overall survival. Notably, the incidence 
rates are reported to show an increasing trend in some series. 
Biomicroscopy is indispensable in diagnosis, determination of 
additional features, and follow-up of the disease, whereas other 
imaging modalities can be used with their own limitations 
as adjunct tools. Metastatic work-up and SLNB should be 
conducted for the indications proposed in the literature. Staging 
is still in progress as new prognostic factors are defined to 
develop more precise indicators for overall survival.
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Introduction

Viral endotheliitis is endothelial inflammation and damage 
characterized by corneal edema, keratic precipitates (KPs), 
mild anterior chamber reaction, and elevated intraocular 
pressure (IOP).1 The main causative agents are herpes simplex 
virus (HSV), varicella zoster virus (VZV), mumps virus, and 
cytomegalovirus (CMV).2 

CMV-associated endotheliitis can occur de novo or secondary 
to ocular surgery in immunocompetent individuals.3 Although 
KPs with typical location and appearance (coin-shaped) facilitate 
the differential diagnosis, it is mainly confirmed by isolation of 
viral antibodies or DNA in the aqueous humor by polymerase 

chain reaction (PCR).4 CMV endotheliitis after keratoplasty may 
be misdiagnosed as graft rejection; therefore, deciding on the 
treatment protocol can be challenging. Corneal vascularization 
accompanying stromal edema, different KP pattern, and quick 
response to steroid therapy are clinical signs of immune-related 
graft rejection.5

This report describes a case of CMV endotheliitis that 
occurred at postoperative 4 years after partial penetrating 
keratoplasty (PPK) in a patient with a history of graft rejection 
and under immunosuppressive therapy. The aim is to provide 
information to differentiate two clinical entities which are 
frequently confused and raise our colleagues’ awareness of CMV 
endotheliitis.

Abstract
Cytomegalovirus (CMV)-related corneal endotheliitis is an inflammation of the corneal endothelium caused by CMV. It may occur de 
novo or after ocular surgery in otherwise healthy individuals. In patients who have undergone keratoplasty, the differential diagnosis 
of viral endotheliitis and immune-related graft rejection is challenging due to the similar clinical findings. Here we report a patient 
who underwent penetrating keratoplasty and was using local and systemic immunosuppressive agents due to previous history of graft 
rejection. At postoperative year 4, ophthalmologic examination revealed localized corneal edema, coin-shaped keratic precipitates, and 
increased intraocular pressure, consistent with viral endotheliitis. Polymerase chain reaction revealed CMV-DNA amplification in the 
aqueous humor sample. Valganciclovir treatment was started and the symptoms improved in 2 months. It should be kept in mind that 
local or systemic immunosuppressants used after keratoplasty may trigger CMV reactivation. Anti-CMV treatment should be initiated 
immediately in patients with coin-shaped keratic precipitates.
Keywords: Penetrating keratoplasty, cytomegalovirus, viral endotheliitis, graft rejection
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Case Report
A 42-year-old man presented to our hospital with complaint 

of low vision in both eyes. His past medical history revealed 
severe ocular itching and redness in childhood suggesting ocular 
allergy, and his vision had declined over the last 12 years. On 
ophthalmological examination, his best corrected visual acuity 
(BCVA) was counting fingers from 2 meters in the right eye 
and 0.2 in the left eye. On anterior segment examination, total 
corneal opacity was observed in the right eye (Figure 1) and near 
total opacity in the left eye. Intraocular pressure (IOP) was 15 
mmHg in the right eye and 14 mmHg in the left eye. Because 
posterior segment evaluation of the right eye was limited by 
dense corneal opacity, ocular ultrasonography was performed and 
revealed no pathology. Fundoscopy of the left eye was normal.

The patient was diagnosed as having vernal 
keratoconjunctivitis-associated corneal scar and underwent PPK 
in the right eye. After uncomplicated PPK surgery, the patient 
received topical ofloxacin drops 5 times a day, dexamethasone 
drops 5 times a day, chloramphenicol ointment twice a day, and 

200 mg oral cyclosporine-A. In the early postoperative period, 
the graft was clear, BCVA was 0.5, and IOP was 14 mmHg 
(Figure 2). The corneal sutures were removed at postoperative 12 
months. Decreased vision (0.4), graft edema, and medium-sized 
KP in the graft center were first observed at 18-month follow-up. 
Suspecting immune-mediated graft rejection, the topical steroid 
dose was increased and intravenous pulse methylprednisolone 
(250 mg 4 times a day for 3 days) was added to the current 
immunosuppressant treatment. At 1 week after pulse steroid 
therapy, the KPs dissappeared, graft edema resolved, and BCVA 
increased to 0.5. 

At postoperative year 4, the cyclosporine therapy was 
discontinued gradually. Three months later, his BCVA had 
declined again to 0.4. On anterior segment examination, coin-
shaped KPs and corneal edema were observed in the paracentral 
area of the graft cornea (Figure 3). Additionally, mild anterior 
chamber reaction (+1) was present and IOP was elevated to 30 
mmHg. Viral endotheliitis was suspected and etiological agents 
were investigated by performing anterior chamber paracentesis 
and PCR analysis. CMV-DNA was isolated in the aqueous 
humor. The patient was started on oral valganciclovir 900 
mg twice a day, topical dexamethasone drops 5 times a day, 
ganciclovir gel 5 times a day, and topical dorzolamide-timolol 
drop twice a day. After 2 months of follow-up, graft edema 
and anterior chamber reaction had resolved and IOP was under 
control with topical antiglaucomatous treatment.

Discussion
Ocular CMV infection, especially retinitis, occurs in patients 

with a suppressed T-cell-related immune response due to acquired 
immunodeficiency syndrome (AIDS) or organ transplantation.6 
On the other hand, in immunocompetent patients, mainly 
the anterior segment is affected in the form of anterior uveitis 
or endotheliitis. CMV-associated endotheliitis presents with 
corneal endothelial damage due to the intense viral load in the 
aqueous fluid. Clinical findings include local stromal edema, Figure 1. An anterior segment photograph of the patient before keratoplasty 

shows vernal keratoconjunctivitis scar

Figure 2. The graft is clear in the early period after partial penetrating keratoplasty

Figure 3. At postoperative 4 years, the patient under ongoing local and systemic 
immunosuppressive therapy developed coin-shaped keratic precipitates (arrows) in 
the central cornea and edema in the surrounding stroma
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mild anterior chamber reaction, KP, elevated IOP, and stromal 
iris atrophy. Antiviral agents are used in treatment.7

Various cases of CMV endotheliitis after keratoplasty have 
been reported in the literature.8,9,10 In such cases, differential 
diagnosis of corneal graft rejection and viral infection can 
be challenging due to the similar clinical findings of both 
diseases. Furthermore, CMV infection can lead to endothelial 
inflammation and trigger graft rejection.11 Microbiological 
examination of the aqueous humor is diagnostic for CMV 
endetheliitis after PPK.12 However, in cases where PCR cannot 
be performed, the typical pattern of KPs may also be helpful 
for differential diagnosis. Conversely, in immune-related graft 
rejection, KPs form a line along the edema margins called 
a “Khodadoust line”. In CMV-related endotheliitis, KPs are 
usually coin-shaped and located in the center of the edema. 
Additionally, CMV-associated endotheliitis is often accompanied 
by anterior uveitis and elevated IOP. Immunosuppressive agents 
are effective in the treatment of immune-related graft rejection, 
whereas antiviral therapies such as ganciclovir or foscarnet can 
provide clinical improvement in CMV-associated endotheliitis.1 
Our patient developed epithelial defect and corneal edema at 
postoperative 18 months under topical steroid and systemic 
cyclosporine treatment, and was diagnosed as graft rejection. 
At that time, the absence of anterior chamber reaction or 
typical endothelial plaque, normal IOP, symptom relief after 
intensive steroid administration without antiviral therapy, and 
the long-term disease-free period ruled out the diagnosis of 
CMV endotheliitis. However, at postoperative 4 years, CMV 
endotheliitis was suspected due to localized stromal edema 
accompanied by coin-shaped KPs and anterior chamber reaction, 
and the diagnosis was confirmed by PCR. 

The source of CMV infection is uncertain in patients who 
underwent keratoplasty. It may arise from the donor tissue or 
be caused by reactivation of a preexisting CMV infection in 
the host.1 Although donors are routinely evaluated for hepatitis 
virus and human immunodeficiency virus (HIV) serology before 
corneal transplantation, CMV serology is usually unknown. 
Therefore, transmission may occur from a CMV-positive donor 
cornea to a CMV-negative host. However, it was thought to 
occur rarely.13 Additionally, although the mean incubation period 
for donor-derived viral endotheliitis after corneal transplantation 
is not certain yet, systemic CMV infection is known to begin 
within 6 weeks to 6 months.14 Similarly, in CMV retinitis 
the symptoms usually appear early at post-transplantation 9 
months.6 Therefore, CMV-associated endotheliitis is expected to 
present clinical signs and symptoms at early post-transplantation 
period. Another possible mechanism of CMV infection is 
reactivation of latent CMV virus in the host tissue. The topical 
or systemic immunosuppressive therapy used after keratoplasty 
may lead to CMV reactivation and endotheliitis.1 In our patient, 
the preoperative CMV serology was unknown. Still, disease 
onset at postoperative year 4 and the patient’s long-term use of 
immunosuppressive therapy suggest CMV reactivation. There 
was no evidence of retinitis or systemic CMV infection in our 
patient’s ocular or systemic evaluations. 

The ocular response to viral infections is mediated mainly by 
the cellular immune system. Zheng et al.15 first inoculated rabbit 
eyes with an inactivated HSV, and then infected intracamerally 
with live HSV. They observed corneal endotheliitis and 
suspected anterior chamber-associated immune deviation in its 
pathogenesis. Accordingly, suppression of cellular immunity and 
T-cell-mediated delayed-type hypersensitivity results in loss of 
the antiviral protection, and the endothelial cells are damaged by 
the virus.15 Similarly, Koizumi et al.7 also reported that anterior 
chamber-associated immune deviation may play a role in CMV 
reactivation. The reason for CMV reactivation in the anterior 
chamber can be local and/or systemic immunosuppressive 
therapy.1,6 Our patient also developed CMV endotheliitis after 
immunosuppressive therapy. In the literature, topical steroid use 
has been reported in 96% of patients with CMV endotheliitis, 
suggesting that local immunosuppression may also trigger CMV 
reactivation.1 

In conclusion, CMV-associated corneal endotheliitis can 
occur in healthy individuals without systemic symptoms due to 
viral reactivation. In keratouveitis patients with corneal edema, 
coin-shaped KPs, and elevated IOP, CMV should be considered 
as a potential cause of viral endotheliitis in addition to HSVs 
and VZV. The isolation of viral DNA by PCR is very useful in 
differential diagnosis, and ganciclovir therapy should be initiated 
without delay.
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Introduction

Trypan blue is a dye that facilitates anterior lens capsule 
visualization and capsule manipulation during cataract surgery.1,2 
Trypan blue staining of the posterior capsule and anterior 
vitreous is uncommon; reports in the literature indicate that it 
may occur in eyes with ocular trauma, history of ocular surgery, 
or pseudoexfoliation.3,4,5,6,7 Migration of dye to the posterior 
chamber and vitreous cavity through areas of zonular weakness 
has been implicated as the probable cause of anterior vitreous and 
posterior capsule staining. 

The aim of this study was to present cases in which complete 
loss of the red reflex was observed due to trypan blue migrating 

to the posterior chamber and staining the posterior capsule and 
anterior vitreous during cataract surgery, and to evaluate this rare 
clinical picture.

Case Report 

Six cases in which trypan blue stained the posterior capsule 
and anterior vitreous during cataract surgery performed in 
the ophthalmology department of Manisa Celal Bayar 
University Faculty of Medicine are presented (Table 1). Patient 
characteristics, surgical difficulties encountered, and features 
that facilitated the migration of trypan blue to the anterior 
vitreous are presented.

Abstract
During phacoemulsification and intraocular lens (IOL) implantation surgery, the trypan blue dye used to stain the anterior capsule passed 
into vitreous cavity and stained the anterior capsule and anterior vitreous in 6 patients. There was history of trauma in 2 patients, uveitis 
in 1 patient, mature cataract in 1 patient, and no risk factors in the other patients. IOL was implanted in-the-bag without problem in 5 
patients. In the patient with iris and zonular defects due to trauma, a sutured IOL was implanted in the same session. The migration of 
trypan blue into the vitreous cavity through damaged or intact lens zonules is a rare but important complication that makes subsequent 
surgical steps substantially more difficult.
Keywords: Trypan blue, phacoemulsification, vitreous
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Case 1
A 62-year-old woman had preoperative visual acuity of 

counting fingers from 30 cm, posterior synechia secondary to 
previous uveitic episodes, and nuclear cataract in the left eye 
(Figure 1). During cataract surgery, the anterior chamber was 
filled with dispersive-cohesive viscoelastic and iris retractors were 
used to provide pupil dilation and the capsule was stained with 
0.06% trypan blue under viscoelastic. Anterior capsulorhexis 
was performed. No signs of zonular defect were encountered 
during the operative stages. While emulsifying the nucleus 
fragments, complete loss of the red reflex was observed (Figure 
2). No anterior chamber shallowness or ocular rigidity that 
would suggest suprachoroidal hemorrhage was detected. Cortex 
aspiration was completed with the irrigation/aspiration cannula 
and a foldable IOL was implanted in the capsular sac (Figure 3a, 
b). The posterior capsule and anterior vitreous staining observed 

on biomicroscopic examination on postoperative day 1 decreased 
on day 2 and disappeared completely in the following days. 

Case 2
A 39-year-old man had visual acuity of 0.2 in his right 

eye and extensive corticonuclear cataract on anterior segment 
examination. His history included information about ocular 
trauma. During cataract surgery, 0.06% trypan blue was 
administered to the anterior chamber under air and irrigated, 
and the anterior chamber was filled with a dispersive-cohesive 
viscoelastic substance. The red reflex was not observed during 
nucleus phacoemulsification, but the operative stages were 
completed without any problems. The IOL was inserted into the 
capsular sac without difficulty (Figure 4). The trypan blue staining 
disappeared with a few days after the operation without causing 
any surgical complications or problems in postoperative follow-up. 

Figure 1. Posterior synechia, small pupil, and cataract reflex are observed in the 
peroperative initial appearance of our uveitic patient (patient 1)

Figure 2. Disappearance of the fundus reflex is observed during phacoemulsification 
with iris retractors

Table 1. Characteristics of the patients in whom trypan blue used for capsule staining during cataract surgery dyed the anterior 
vitreous and posterior capsule (the fact that none of the patients used prostate medication was emphasized in the text and 
therefore was not included in the table). Clearance times could not be determined because the patients were followed up on an 
outpatient basis and were not hospitalized

Parameter Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

Age, sex 62, F 39, M 62, F 76, M 61, M 60, M

Eye (right-left)
Visual acuity

Left: CF30 cm Right: 0.2 Left: CF50 cm Left: 0.2 Left: LP Left: CF20 cm

Risk factor Uveitic eye Trauma None None Trauma None

IOL power
Axial length

22.0 D
22.5 mm

16.5 D
25.2 mm

22.0 D
22.6 mm

21.5 D
23.1 mm

22.0 D
23.2 mm

22.0 D
22.8 mm

Biomicroscopic risk 
factor

Posterior synechia, small 
pupil

Normal Normal Normal Superior iris defect Mature white cataract  

Outcome Phakic PC-IOL Phakic PC-IOL Phakic PC-IOL Phakic PC-IOL Sutured IOL,
Anterior vitrectomy

Phakic PC-IOL

Postop VA (Snellen) 0.5 0.9 0.5 0.4 0.6 0.8

Iris retractor Yes None None None None None

F: Female, M: Male, CF: Counting fingers, LP: Light perception, IOL: Intraocular lens, D: Diopter, PC: Posterior chamber, VA: Visual acuity
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Of the other cases, only the patient with ocular trauma 
(patient 5) exhibited atrophy in the upper half of the iris and 
zonular defect detected by ultrasound biomicroscopic imaging 
(UBM) in the preoperative evaluation performed due to the 
trauma (Figure 5). Trypan blue staining of the posterior capsule 
was attributed to the zonular defect in this patient.

In the uveitic patient, trypan blue staining was performed 
under viscoelastic. In the other patients, trypan blue was 
administered to the anterior chamber under air, irrigated, and the 
anterior chamber was filled with dispersive-cohesive viscoelastic 
(DisCoVisc OVD, Alcon, TX, USA). The patients showed no 
signs of phacodonesis, iridodonesis, or pseudoexfoliation.

In all patients, red reflex was absent on biomicroscopic 
examination on the first postoperative day, but the staining 
cleared rapidly. One week later, there was no sign of staining in 
the posterior segment and the retina could be evaluated easily. 
Postoperative UBM in 3 patients (patients 1-3) revealed no 
evidence of zonular damage.

Discussion 

In case reports of inadvertent posterior capsule staining 
in the literature, this phenomenon occured in eyes with 
pseudoexfoliation, ocular trauma, or ocular surgery history, and 
it was suggested that zonular weakness may be responsible.3,4,5,6,7 
However, two published case reports demonstrated that trypan 
blue staining of the posterior capsule is also possible even in eyes 
without history of surgery or trauma; regarding the etiology, the 
administration of additional viscoelastic was posited to increase 
intraocular pressure and force the posterior migration of the dye 
through intact zonules.8,9 In addition, the intraoperative use of 
iris retractors to dilate the pupil or stabilize a floppy iris may 
cause inadvertent staining of the posterior capsule. The authors 
proposed that this was because iris retractors lift the iris, thereby 
facilitating the passage of trypan blue through the intact zonules 
to the posterior chamber.10 Anterior vitreous staining with 
trypan blue may occur in cases without pre- or intraoperative 
zonular dialysis but with peripheral iridotomy or conditions that 
may damage the anterior hyaloid surface or zonular apparatus.11 

In our patient with uveitis and synechiae (patient 1), the use 
of an iris retractor due to small pupil may have facilitated trypan 
blue migration to the posterior chamber. In our patients with 

Figure 3. Intraocular lens placement (a) and appearance at the end of the operation 
(b)

a

b

Figure 4. Trypan blue staining of the posterior capsule and anterior vitreous is 
observed (patient 2)

Figure 5. Ultrasound biomicroscopy reveals iris and zonular defects and lens 
opacity (patient 5). The red arrow indicates the area of zonular damage
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history of trauma (patients 2 and 5), trypan blue staining of the 
anterior vitreous occured due to zonular damage. The absence 
of known risk factors in the other two patients (patients 3 and 
4) suggests that the surgical method may also have caused dye 
migration through the intact zonules. In our patient with mature 
cataract (patient 6), although we noted no risk factors during 
surgery, staining of the anterior vitreous suggests abnormality 
in the zonular apparatus. None of our patients had a history of 
using prostate medication, so our patient group did not include 
iris atrophy and floppy iris.

Different methods have been recommended for more 
effective trypan blue staining of the anterior capsule with less 
toxicity to the endothelium. The purpose of staining under air 
is to protect the corneal endothelium. Alternative methods have 
been developed, such as staining the anterior capsule with trypan 
blue under viscoelastic, attaching iris retractors parallel to the iris 
plane without allowing iris elevation, injecting viscoelastic to 
the peripheral iridolenticular area to act as a barrier, and using a 
mixture of viscoelastic and trypan blue.5,7,12,13,14

The main purpose of staining under air is to prevent dye 
contact with the corneal endothelium and the potential toxic 
effects that can result. Better dyeing can be achieved under 
air because viscoelastic can block the dye from touching the 
anterior capsule. However, air bubbles are not stable and 
anterior chamber loss may occur while introducing the cannula 
into the anterior chamber for dye injection. A small amount of 
viscoelastic can be injected through the side port to prevent the 
air bubble escaping from the anterior chamber. The anterior 
capsule can also be stained with trypan blue under viscoelastic. 
Another alternative staining method may be to use a mixture of 
viscoelastic and trypan blue.

We chose to use a dispersive-cohesive viscoelastic agent in 
our patients because we anticipated that these may be difficult 
cases. Due to the greater space-maintaining property of this 
agent, it is possible it displaced the stain posteriorly. The longer 
dwell time in the anterior chamber and the stronger coating of 
the tissues and endothelial protection increased the success of 
our surgery.

In cataract surgery, it may be necessary to use iris retractors 
and trypan blue simultaneously. In this case, the retractors should 
be positioned parallel to the iris plane and iris tenting should 
be avoided. By injecting trypan blue under viscoelastic, which 
creates a confined space in the anterior chamber, the posterior 
migration of the dye under the iris can be prevented. The 
creation of a viscoelastic barrier to the peripheral iridolenticular 
space may also prevent posterior migration of dye. However, 
the desired degree of staining may not be achieved if sufficient 
contact with the anterior capsule is not ensured. 

Retinal toxicity was not observed in our patients. However, it 
should not be forgotten that trypan blue in high concentrations 
(above 0.5%) may have toxic effects on the retina.3,7,15,16

In conclusion, trypan blue staining of the posterior capsule 
and anterior vitreous can occur during phacoemulsification in 
eyes with risk factors related to cataract surgery as well as in 
eyes with no zonular pathology. Trypan blue in the posterior 
segment causes no detectable early or late problems other than 
increasing the risk of surgical complications by interfering 
with visualization of the posterior capsule and capsulorhexis 
intraoperatively, and it disappears after the first day.  
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Introduction

Leber’s hereditary optic neuropathy (LHON) is a maternally 
inherited mitochondrial DNA-related disease.1 Optic disc 
hyperemia, vascular tortuosity, and peripapillary telangiectatic 
vessels are characteristic findings in asymptomatic patients and 
patients with early-stage disease. Increased vessel tortuosity 
and capillary size at the optic disc suggest that the disease 
is a neurovascular disorder.2 Recently, the development of 
optical coherence tomography angiography (OCTA) has enabled 
noninvasive evaluation of the ocular microvasculature. With 
this method, the peripapillary retinal and vascular circulation 
can be evaluated three-dimensionally. Evaluation of vascular 
changes in LHON using OCTA may help us to understand the 
pathophysiology of the disease, assess disease progression, and 

monitor the efficacy of treatment. Here we presented the optical 
coherence tomography (OCT) and OCTA findings of 2 patients 
with LHON.

Case Report

Case 1
A 28-year-old man with no relevant history was referred to 

our clinic with loss of vision in both eyes, starting first in his 
right eye and 1 week later in the left eye. His best corrected 
visual acuity (BCVA) was counting fingers at 25 cm in the right 
eye and 1/20 in the left eye. Optic discs were pale in both eyes. 
OCT showed thinner retinal nerve fiber layer (RNFL) in all 
quadrants in the right eye and consistent with the OCT findings, 
there were areas of capillary drop-out and decreased radial 
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up patients with OCTA imaging in the future will provide insight into the pathogenesis and prognosis of LHON.
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peripapillary capillary (RPC) density in all quadrants on OCTA 
(AngioVue RTVue XR Avanti with AngioVue, OptoVue, 
Inc, Fremont, CA). The RNFL was thinner in the inferior and 
temporal quadrants and, similar to OCT findings, capillary drop-
out areas and decreased RPC density were detected in the inferior 
and temporal quadrants in the left eye (Figure 1). Genetic testing 
confirmed the diagnosis with G11778A mutation. Idebenone 
treatment (900 mg/day) was given orally. Progressive decreases 
in RNFL and RPC density were shown at month 12 of follow-
up (Figure 1). 

Case 2
An 8-year-old boy with family history of LHON in his 

maternal uncle was examined. Ophthalmologic examination 
revealed normal findings. Although the family was informed, 
they did not consent to genetic evaluation. Two years later, 
the patient presented with loss of vision in his left eye. BCVA 
was 20/20 in the right eye and counting fingers at 1 meter 
in the left eye. Optic discs were normal in the right eye and 
pale temporally in the left eye. He was diagnosed as having 
LHON with G11778A mutation and idebenone (450 mg/day) 
treatment was given orally. At 6-month follow-up, the right eye 
was also affected. Visual acuities were 2/20 in the right eye and 
counting fingers at 1 m in the left eye, and both optic discs were 
pale temporally. The patient was followed up with idebenone 

therapy OCT and OCTA imaging for 30 months. Visual acuity 
was counting fingers at 1 m and there was optic disc pallor in 
the both eyes at the last visit. Although his right eye was not 
affected in the first visit, drop-out areas were determined by 
OCTA imaging. Decreased RNFL thickness and RPC density 
and increased capillary drop-out were shown by OCT and OCTA 
in the follow-up period (Figure 2).

Discussion

Since OCTA imaging is a noninvasive and easy method to 
evaluate vascular structures, different studies evaluated vascular 
changes in LHON patients and demonstrated RPC defects.3,4 
Balducci et al.4 reported decreases in RPC mostly in the temporal 
region in patients at different stages. 

Our case reports have importance for evaluating RPC density 
and capillary drop-out areas in LHON over long-term follow-up 
and we were also able to compare OCTA findings in patient 2 
before and after involvement. In both cases, in parallel to the 
decrease in RNFL, RPC density decreased and peripapillary 
capillary drop-out areas increased.

In our first case, both eyes were affected when the patient 
presented to our clinic. A decrease in RNFL was observed in all 
quadrants in the right eye, which was involved first, while the 
left eye was affected later and the decrease in RNFL was shown 

Figure 1. Fundus photos, optic disc OCT and OCTA findings of patient 1. A, B) Findings of the right (A) and left (B) eye at initial examination. From left to right: Optic 
disc pallor is seen in fundus photograph; decrease in thickness of RNFL on OCT; peripapillary capillary drop-out areas (arrows) and decrease in RPC density on OCTA. C, 
D) Findings of right (C) and left (D) eye at 12-month follow-up examination. From left to right: optic disc pallor is seen in fundus photograph; marked decrease in thickness 
of RNFL on OCT; increased peripapillary capillary drop-out areas and marked decrease in RPC density on OCTA 
RNFL: Retinal nerve fiber layer, OCT: Optical coherence tomography, OCTA: Optical coherence tomography angiography, RPC: Radial peripapillary capillary
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only in the temporal and inferior quadrants. Decrease in RPC 
density was correlated with loss of RNFL. RPC density was 
decreased in all quadrants in the right eye and in the temporal 
and inferior quadrant in the left eye in the first evaluation. In 
the early stage of LHON, it is known that the smaller caliber 
fibers of papillomacular bundle are lost, and then loss of fibers 
progresses and all fibers of the optic nerve can be affected.5,6 In 
accordance with this knowledge, loss of RNFL and RPC density 
were detected in the inferior and temporal quadrant in the left 
eye in the early stage of disease. In the follow-up period, both 
RNFL and RPC density decreased progressively in all quadrants. 

In the second case, we were able to evaluate the OCT and 
OCTA findings of the right eye before involvement and we 
detected drop-out areas. Before visual acuity decreased in the 
right eye, we showed that there were drop-out areas. This 
finding is important in terms of demonstrating OCTA changes 
in asymptomatic carriers. In the acute phase of the right eye, 
RNFL thickness increased and visual acuity decreased without 
any change in RPC density. Decrease in RPC density followed 
the decrease of RNFL. In LHON, it has been shown that RNFL 
thickness increases in the early acute phase (within 12 weeks of 
symptom onset) and decreases gradually in the late acute (12 to 

Figure 2. Progressive changes in the optic disc during a 30-month follow-up period in both eyes of patient 2. A) Normal optic disc findings of the right eye in the first 
examination; B) Optic disc pallor in the right eye in the last examination; C) Progressive decrease in the RNFL in the right eye on OCT; D) Progressive decrease in RPC 
density in the right eye on OCTA. E,F) Optic disc pallor in the first and last examination in the left eye; G) Progressive decrease in RNFL in the left eye on OCT; H) 
Progressive decrease in RPC density in the left eye on OCTA
RNFL: Retinal nerve fiber layer, OCT: Optical coherence tomography, OCTA: Optical coherence tomography angiography, RPC: Radial peripapillary capillary
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24 weeks after symptom onset) and chronic (24 weeks or more 
after symptom onset) phases.7 The increase in thickness can be 
explained by impaired axoplasmic transport and a compensatory 
increase of mitochondrial biogenesis. It is followed by progressive 
thinning as atrophy develops in the later stages. Decrease in RPC 
density can be associated with the thinning of RNFL. When the 
RNFL get thinner, the required metabolic activity is reduced 
and this can explain the progressive decrease of RPC density in 
LHON as the disease progresses and RNFL get thinner. 

In the follow-up period of our patients, although the decrease 
in RPC density progressed, visual acuity was stable. This may be 
explained by macular microvascular changes. In LHON patients, 
not only the optic disc but also macular microvascular structures 
are affected. Borrelli et al.8 determined that the severity of 
visual loss was associated with the density of macular superficial 
capillary plexus. A shortcoming of these case reports is that 
macular microvascular changes were not evaluated. 

In conclusion, OCTA imaging is thought to be an important 
test for evaluating changes in LHON patients and asymptomatic 
carriers. In the future, following patients with treatment will 
help us to gain insight into the pathogenesis and prognosis of 
LHON.
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Introduction

Amblyopia is poor best corrected visual acuity (BCVA) in one 
or both eyes due to low vision or abnormal binocular interaction 
without any detectable structural defect in the eye or visual 
pathways. Amblyopic vision loss can be corrected if treated at 
an early age. The most important factors in the development 
of amblyopia are the severity, timing of onset, and duration 
of visual impairment. Blurred vision is much more likely to 
develop into amblyopia in young children. Although variable, 
the risk of amblyopia is generally higher in the first 2-3 years 
of life, and the risk is reported to continue until the age of 12. 

Anisometropia and strabismus are among the most common 
causes of amblyopia.1 Blurred vision caused by uncorrected 
refractive error appears to be the main factor that prevents the 
development of central vision in anisometropic amblyopia. 
Anisometropia is generally defined as a difference in spherical/

cylindrical refractive errors of 1.5-2 diopters (D) or more and is 
more common in hyperopic eyes than in myopia.2

Craniopharyngioma is a benign tumor that develops from 
the remnant of Rathke’s pouch and is located in the sellar/
parasellar region.3 It shows a bimodal age distribution, with 
patients usually diagnosed between the ages of 5 and 14 or after 
the age of 50.4 Although these tumors are slow-growing and 
benign, they can cause serious symptoms due to their proximity 
to important anatomical structures such as the pituitary gland, 
hypothalamus, and optic chiasm. Clinical manifestations may 
include endocrine disorders such as hypothyroidism, impotence, 
and amenorrhea; visual symptoms such as optic atrophy, visual 
field defect, and decreased vision; and symptoms related to 
increased intracranial pressure, such as headache, nausea, and 
vomiting.5,6 The most frequent ocular signs are bitemporal 
hemianopsia and optic atrophy. Diagnosis of craniopharyngioma 
is based on neurological, visual, and endocrine symptoms and the 

Abstract
A 12-year-old boy being followed up for amblyopia presented to our hospital with visual disturbance in the left eye. The patient’s 
best corrected visual acuity on Snellen chart was 1.0 in the right eye and 0.3 in the left eye. Increased horizontal cup-to-disc ratio 
was detected on dilated fundus examination. Retinal nerve fiber layer measurement showed diffuse nerve fiber loss and visual field 
test showed bitemporal hemianopsia. Magnetic resonance imaging revealed a lesion that filled and widened the sella and suprasellar 
cistern and compressed the optic chiasm. The patient was operated with transcranial approach. The pathologic examination revealed 
craniopharyngioma.
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appearance of a calcific solid/cystic lesion on radiologic imaging. 
The diagnosis is confirmed by pathologic examination.

In this article, we present a patient under follow-up for 
amblyopia who was diagnosed as having craniopharyngioma 
after further examination in our clinic.

Case Report

A 12-year-old boy with no disease, history of trauma, or 
systemic symptoms presented to our hospital with low vision 
in his left eye. It was learned that the patient was under follow-
up at another center for left amblyopia and had been treated 
with right eye closure for a period of time. His family history 
included no consanguineous marriage or illnesses that cause 
vision impairment. Written informed consent was obtained from 
the patient for the examination and tests. Autorefractometer 
measurements showed a spherical refraction error of -0.25 D 
in the right eye and -1.5 D in the left eye. His Snellen BCVA 
was 1.0 in the right eye and 0.3 in the left eye. Intraocular 
pressure was measured as 15 mmHg in both eyes. No afferent 
pupillary defect was detected. Color vision in both eyes was 
evaluated as normal using the Ishihara color vision test. Anterior 
segment examination findings were normal. On dilated fundus 
examination, both posterior poles appeared normal, whereas 
bilateral optic disc pallor and increased horizontal cup-to-
disc (C/D) ratio were observed (Figure 1). Retinal nerve fiber 
layer (RNFL) thickness measurement (Spectralis, Heidelberg 
Engineering, Heidelberg, Germany) revealed nerve fiber loss 
around both optic discs (Figure 2). The macula appeared normal 
in both eyes on optical coherence tomography (Spectralis, 
Heidelberg Engineering, Heidelberg, Germany). Bitemporal 
hemianopsia that was more prominent on the left side was 
observed in 24-2 visual field test (Humphrey Field Analyzer; Carl 
Zeiss Meditec, Dublin, CA) (Figure 3). Suspecting the patient 
may have an intracranial lesion compressing the optic chiasm, 
cranial and pituitary magnetic resonance imaging (MRI) was 
requested. MRI demonstrated a nonenhancing lesion 24 x 23 x 32 
mm in size filling and widening the sella and suprasellar cistern 
and compressing the optic chiasm. On T1- and T2-weighted 
images, the lower half of the mass was heterogeneous and the 
upper half was hypointense (Figure 4). Craniopharyngioma 
and hemorrhagic complicated adenoma were considered in the 
radiologic differential diagnosis. The patient underwent surgery 

via transcranial approach in the neurosurgery department. On 
pathologic examination of the specimen, diffuse hyalinization, 
calcification, xanthogranulomatous debris, and several foci of 
keratin adjacent to the adenohypophysis were observed and the 
lesion was diagnosed as craniopharyngioma. The patient was 
evaluated with visual field test until postoperative month 6 and 
no changes were detected in visual field or BCVA.

Discussion

Amblyopia is unilateral or bilateral low best corrected visual 
acuity (BCVA) caused by poor vision or abnormal binocular 

Figure 1. Bilateral fundus photographs show a normal macula and increased cup-
to-disc ratio in the optic disc

Figure 2. Retinal nerve fiber layer thickness measurement demonstrated diffuse 
retinal nerve fiber loss in both eyes

Figure 3. The 24-2 visual field test revealed visual field defect that was more 
prominent in the left eye and bitemporal hemianopsia
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interaction in the absence of a structural defect in the eye 
or visual pathways.7 Excluding organic pathologies that can 
lead to optic neuropathy, such as intracranial masses, before 
making a diagnosis of amblyopia is critical in the follow-up 
and treatment approach. In the pediatric population, the most 
common intracranial masses include astrocytoma, ependymoma, 
and medullablastoma. In addition, considering that in many 
studies the most common symptom of craniopharyngioma 
was blurred vision and subsequent decrease in visual acuity, 
craniopharyngioma seems to be a pathology that should be 
considered in the differential diagnosis of intracranial masses.8,9 
Especially in patients with vision loss accompanied by symptoms 
such as headache, nausea/vomiting, growth retardation, delay in 
the development of secondary sex characteristics, polydipsia, and 
polyuria, it is important to perform a systemic examination and 
to consider an organic pathology as the cause of low vision. If 
there are no accompanying systemic symptoms, as in our patient, 
a careful fundus examination and the use of auxiliary imaging 
methods when necessary can provide important information 
about the cause of low vision. Although craniopharyngioma is 
a benign tumor, diagnosis and treatment are important due to 
its close proximity to important anatomical structures. These 
tumors are most commonly located in the sellar/parasellar 
region.10 The tumor typically places pressure on the optic chiasm 
from the anterior and posterior, generally resulting in bitemporal 

hemianopsia visual field defect. In some cases, homonymous 
hemianopsia can also be seen.11 Pituitary tumor, suprasellar 
aneurysm, third ventricular glioma, and tuberculum sellae 
meningioma are among the pathologies that cause bitemporal 
hemianopsia visual field defect and should be included in the 
differential diagnosis of craniopharyngioma.

The surgical treatment of craniopharyngioma involves 
resection of the tumor via a transcranial or transsphenoidal 
approach while preserving the optic and hypothalamic structures. 
Total resection or subtotal resection with or without radiotherapy 
is performed as appropriate according to parameters such as 
tumor size, growth pattern, and hypothalamus involvement.12,13 
Initial symptoms are visual in more than half of patients, and 
about 41-48% of patients may have some amount of visual gain 
after surgery.14 Poor prognostic factors in postoperative visual 
gain are severe vision loss and prechiasmatic tumor location.15 
Although the transsphenoidal surgical approach is associated 
with better visual prognosis, it is only effective in intrasellar 
tumors. In addition, suprasellar positioning is seen in a larger 
proportion of craniopharyngioma patients. 

Undergoing surgery via transcranial approach and having 
very low preoperative visual acuity seem to be poor prognostic 
factors in our case. Our patient showed no changes in visual 
field or BCVA in postoperative evaluations, demonstrating the 
importance of early diagnosis of intracranial masses causing optic 
neuropathy in terms of postoperative visual recovery. We believe 
that early diagnosis may have been possible in our patient with 
the detection of temporal optic disc pallor and increased C/D 
ratio, but the diagnosis was delayed because these changes were 
not detected in the early period. Furthermore, it should not be 
forgotten that patients diagnosed with intracranial mass may 
exhibit some amount of anisometropic amblyopia, as in the 
present case. 

In conclusion, because diagnosis occurs later in children, 
visual morbidity is greater, and visual acuity generally remains 
low after treatment at more advanced stages, early diagnosis 
of tumors is important to minimize visual sequelae. The most 
important steps for early diagnosis are a detailed history, careful 
fundus examination, and visual field testing when necessary. In 
children with suspicious examination findings and inadequate 
cooperation, we recommend using additional tests before a 
diagnosis of amblyopia is made.
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Figure 4. In the cranial magnetic resonance imaging coronal slice, a sellar/
suprasellar intracranial mass was observed
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Introduction

Foveal hypoplasia is defined as the underdevelopment of 
the fovea and is characterized by nystagmus and low visual 
acuity. It is usually associated with optic nerve hypoplasia, 
familial exudative vitreoretinopathy (FEVR), Stickler syndrome, 
albinism, aniridia, and microphthalmia. It may also be isolated 
with no clear etiology. The visual acuity of patients with foveal 
hypoplasia varies from 20/20 to 20/50 and they have no foveal 
depression or pigmentation. Some authors have reported that 
foveal hypoplasia is related to mutations of genes such as PAX6, 
OCA2, and GPR143 that are associated with albinism.1,2

The normal fovea is observed to have a central depression 
with loss of the inner retinal layer and lengthening of the 
outer segments of the photoreceptors on optical coherence 
tomography (OCT). Additionally, OCT angiography (OCTA) 
revealed that the fovea has a central avascular black gap. A 
staging system based on OCT was developed for patients with 
foveal hypoplasia.3,4 The current study presents the multimodal 
imaging of a patient with foveal hypoplasia. 

Case Report

A 19-year-old man presented to the clinic with complaints 
of non-progressive low visual acuity. The patient had no previous 
major illnesses and did not report any similar family history. On 
ophthalmic examination, his best corrected visual acuity (BCVA) 
was 0.40 logMAR with +5.50-1.50x135 in the right eye and 
0.10 logMAR with +5.50-2.00x110 in the left eye. There was 
no manifest or latent strabismus, but latent nystagmus was 
found in both eyes. Examination of the anterior segment did not 
show any indicators of ocular albinism such as transillumination, 
and iris pigmentation was normal. Funduscopic examination 
revealed a normal optic disc and vessels but a lack of foveal 
pigmentation (Figure 1).

OCT images showed no foveal depression in either eye with 
continuity of the inner retinal layers. The outer segments of the 
photoreceptors were not lengthened. Fluorescein angiography 
showed the foveal avascular zone was absent. OCTA confirmed 
the lack of a foveal avascular zone along with absence of the 
central black gap. Fundus autofluorescence images also showed 
no hypoautofluorescence in the corresponding fovea (Figure 2, 3).
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Figure 1. Normal anterior segment photos of the patient without any loss of 
pigmentation or iris transillumination (upper panels) and fundus images of the 
patient without foveal reflex (lower panels)

Figure 2. Fundus autofluorescence demonstrated a lack of foveal 
hypoautofluorescence in the central macula (upper panels) and fundus fluorescein 
angiography images did not show foveal avascular zone (lower panels)

Figure 3. Optical coherence tomography showed no foveal depression (upper panels) and optical coherence tomography angiography images revealed the lack of foveal 
avascular zone (lower panels)
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The patient was informed about this publication and written 
consent was obtained to publish collected images. 

Discussion 
In the current report, we present a patient with isolated 

foveal hypoplasia associated with an underdeveloped fovea and 
nystagmus without any etiology such as optic nerve hypoplasia, 
FEVR, Stickler syndrome, albinism, aniridia, microphthalmia, 
nanophthalmus, retinopathy of prematurity, incontinentia 
pigmenti, or achromatopsia. 

Patients with foveal hypoplasia present with decreased visual 
acuity. Thomas et al.2 proposed a grading system for foveal 
hypoplasia to predict the prognosis of visual acuity based on 
OCT scans. The authors suggested 3 key points for the arrest 
of foveal development, including incursion of the plexiform 
layer to the posterior of the foveola, partial displacement of the 
inner retinal layers, and lengthening of the outer segment of 
photoreceptors. In the current case, the patient had no foveal pit 
or lengthening of the outer segment of the photoreceptors; both 
of which correspond to the worst prognosis. Also, outer nuclear 
layer widening was not observed. Based on these findings, the 
patient had grade 4 foveal hypoplasia. However, the BCVA of 
the patient was 0.4 logMAR in the right eye and 0.1 logMAR 
in the left eye. It is possible that structural properties of the fovea 
and visual acuity may not be correlated; further investigations are 
needed to better understand this.3 

Fluorescein angiography or fundus autofluorescence are 
techniques used to establish the lack of the foveal avascular zone 
and foveal hypoautofluorescence. OCTA is an easy, rapid, and 
noninvasive method for imaging the retinal microvasculature 
and can reveal the lack of foveal avascular zone in the superficial 
and deep capillary layers in foveal hypoplasia.5,6,7 In the current 
case, the patient showed no foveal avascular zone in both eyes.

Although foveal hypoplasia can be determined and graded 
by OCT, different imaging techniques including fundus 
autofluorescence, fluorescein angiography, and OCTA can be 
used to perform further evaluation. It is recommended that 

patients with low visual acuity are evaluated with multimodal 
imaging methods. 
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