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The Turkish Journal of Ophthalmology is an official peer-
reviewed publication of the Turkish Ophthalmological 
Association. Accepted manuscripts are published 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 (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 printing, 
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 (2016, 
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. 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 
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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, keywords 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.
Acknowledgements: Any technical or financial support or 
editorial contributions (statistical analysis, English/Turkish 
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2018 ıssue 4 at a Glance:

This issue of our journal includes six original articles, a 
review, and four case reports we believe you will read with 
interest, selected from various areas of ophthalmology on 
topics concerning the cornea, contact lenses, glaucoma, the 
retina, and neuro-ophthalmology.

Keratoconus is a progressive, non-inflammatory degenerative 
disease in which the cornea gradually thins and becomes 
cone-shaped. Collagen cross-linking (CXl) is widely used 
to arrest progressive keratoconus. Küçümen et al. used 
the Ocular Response Analyzer (ORA) to assess corneal 
biomechanical changes after CXl in 35 eyes of 30 patients 
with progressive keratoconus and reported statistically 
insignificant increases in corneal hysteresis and corneal 
resistance factor and a decrease in central corneal thickness 
(see pages 160-165).

Çavdarlı and Topçu-Yılmaz determined that daily use of 
high oxygen permeable and low modulus silicone hydrogel 
spherical and toric soft contact lenses for 12 months caused 
no significant changes in corneal and anterior chamber 
parameters (see pages 166-170).

gobeka et al. also utilized the ORA to compare corneal 
biomechanical parameters in both eyes of keratoconus 
patients who underwent unilateral penetrating keratoplasty 
(pKp). They reported that corneal hysteresis, corneal resistance 
factor, corneal-compensated intraocular pressure (IOp), 
goldmann-correlated IOp, IOp measured by applanation, 
and central corneal thickness were significantly higher in 
the pKp eye than the fellow eye, with corneal biomechanical 
properties approaching normal values after pKp (see pages 
171-177).

Optical coherence tomography (OCT) provides objective 
and reproducible measurements of the peripapillary retinal 
nerve fiber layer (RNFl) and the optic nerve head (ONH), 
and is among the main imaging modalities used to show 
glaucomatous structural damage for early diagnosis and 
progression monitoring. With the fovea-disc (FoDi) alignment 
software in the spectral domain OCT Spectralis (Heidelberg 
Engineering gmbH, Heidelberg, germany), RNFl thickness 
is measured by automatically detecting the fovea and 
optical disc margins and delineating quadrants based on the 
anatomical axis connecting the ONH center and the fovea, 

thus eliminating rotational errors. Tuncer and Altuğ used this 
new FoDi software to investigate interindividual differences 
in the angle between the axis connecting the fovea center 
and optic disc center and the horizontal meridian through 
the OHN center in 260 eyes of 133 patients with suspected 
or diagnosed glaucoma. The angle of deviation of the fovea-
disc axis from the horizontal axis (FoDi angle) ranged from 
-24.40° to +11.60°, with an average of -6.43±4.9°. The 
authors suggest that discrepancies between the anatomic 
axis and horizontal axis in glaucoma patients may affect 
RNFl thickness measurements and lead to errors in early 
glaucoma diagnosis (see pages 178-184).

Kıylıoğlu et al. describe a new pupillometry system they 
developed for evaluation of pupillary light reflexes. They 
demonstrated that pupil area can be accurately measured 
in video images obtained with infrared and white light 
reflected outside the pupil, and reported 87% and 86.8% 
reproducibility of the measurements for short (1 second) and 
long (2 second) stimuli, respectively. However, the authors 
emphasized that further development of the apparatus is 
necessary for it to be a cost-effective alternative (see pages 
185-189).

Vascular endothelial growth factor A (VEgF-A) is the main 
mediator of angiogenesis and is associated with increased 
vascular permeability in vascular retinal diseases. Anti-VEgF 
agents block various types of VEgF when administered 
intravitreally, reduce the permeability of nascent vessel walls, 
and to lead to a reduction in edema of the retinal layers. 
Şahiner et al. applied aflibercept (0.5 mg/ml), bevacizumab 
(0.3125 mg/ml) and ranibizumab (0.125 mg/ml) to retinal 
pigment epithelium cell cultures isolated from the enucleated 
eyes of New Zealand white rabbits. After 72 hours of drug 
exposure, the treated cells and controls were compared in 
terms of viability, apoptosis, proliferation, and senescence. 
Cultures treated with aflibercept exhibited a decrease in 
apoptosis and increase in viability (p<0.05), while cultures 
treated with bevacizumab and ranibizumab showed 
significantly increased apoptosis and reduced viability 
compared to the control group (p<0.05). There were no 
differences between the groups in terms of proliferation or 
senescence (p>0.05) (see pages 190-195).

For this issue, gábor Holló, who has numerous previous 
studies in the literature, prepared an extensive review 
encompassing current and potential future applications 
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of optical coherence tomography angiography (OCTA) in 
glaucoma. The principle of measurement in OCTA is based 
on split spectrum amplitude decomposition algorithm, which 
detects red blood cell motion independent of direction. 
Vascular dysfunction is common in glaucoma patients, and 
RNFl peripapillary vessel density (angioflow vessel density) 
and macular superficial perifoveal vessel density are 
measured using OCTA, with high reproducibility demonstrated 
in previous studies. Vessel density is the perfusion area 
expressed as the percentage of the area examined or of 
predetermined sectors in the retinal layer being investigated. 
Studies have shown a relationship between vessel density 
and glaucoma damage. In the future, OCTA will continue to 
be an exciting clinical research area used in the diagnosis 
and follow-up of glaucoma patients (see pages 196-201).

Sarcoidosis can affect multiple organs and is histologically 
characterized by non-caseified granulomas. In the first case 
report of this issue, Tanyıldız et al. diagnosed neurosarcoidosis 
in a young female patient with bilateral granulomatous 
anterior uveitis, vitritis, optic neuropathy, and unilateral 
macular ischemia based on the results of mediastinal lymph 
node biopsy, cranial magnetic resonance imaging, and 
lumbar puncture. She was successfully treated with high-
dose intravenous followed by oral methylprednisolone, and 
methotrexate (see pages 202-205).

papillophlebitis is a rare ocular disease of unknown etiology 
that is characterized by retinal hemorrhage, optic disc 
edema, and tortuosity of the retinal vessels. Unlike classic 
central retinal vein occlusion, it is seen in healthy patients 
younger than 50 years of age. guillain-Barre syndrome 
(gBS), an immunologically mediated acute polyneuropathy 
that involves motor neurons and causes paralysis, is the 

most common cause of acute muscle weakness associated 
with peripheral neuropathy in adults. In the second case 
report, Çoban Karataş and Soylu discuss the clinical 
findings, diagnostic tests, and effectiveness of intravenous 
immunoglobulin therapy in a patient with papillophlebitis 
possibly associated with gBS (see pages 206-208).

Sympathetic ophthalmia (SO) is bilateral granulomatous 
inflammation of the uvea following trauma or surgery. 
Choroidal neovascular membrane (CNV) is a rare 
complication and can have a negative impact on vision. 
Saatçi et al. observed type 2 CNV on fundus fluorescein 
angiography (FFA) and OCT in a 38-year-old patient taking 
systemic steroid therapy for SO, and report favorable 
anatomic and functional outcomes after treatment with 5 
injections of 2 mg intravitreal aflibercept (see pages 209-
211).

In the final case report, Kahraman et al. present the clinical 
findings, FFA, and family screening results of a 49-year-old 
male patient with familial exudative vitreoretinopathy (AEVR) 
and discuss the case in the context of the literature. AEVR 
is a rare hereditary disease that affects retinal vascular 
development, and can manifest clinically with avascular 
peripheral retina, neovascularization, fibrosis, posterior pole 
traction, retinal folds, and retinal detachment. The authors 
emphasized the key importance of screening family members 
when diagnosing AEVR (see pages 212-214).

Respectfully on behalf of the Editorial Board,
Banu Bozkurt, MD
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Introduction

Keratoconus is a progressive, non-inflammatory degenerative 
disease in which the cornea gradually thins and becomes cone-
shaped.1,2 Decreased corneal stability leads to stromal thinning 
and protrusion. It causes irregular corneal astigmatism and 
myopia, thus reducing visual acuity. Visual impairment often 
appears in adolescence. Even in cases of bilateral involvement, 

the eyes are affected asymmetrically.3 Although the prevalence of 
keratoconus varies depending on ethnic and geographical factors, 
it is reported as 50-600 per 100,000 in the general population.4

The course of keratoconus is highly variable and disease 
stage affects the treatment strategy. In the early stages, irregular 
astigmatism can be treated with hard or custom-made contact 
lenses.5,6 Intracorneal ring segment implantation is another 
treatment option for patients who are averse to or cannot tolerate 

*Yeditepe University Faculty of Medicine, Department of Ophthalmology, İstanbul, Turkey
**Dokuz Eylül University Faculty of Medicine, Department of Ophthalmology, İzmir, Turkey

Objectives: To evaluate corneal biomechanics before and after collagen crosslinking (CXL) in patients with progressive keratoconus.
Materials and Methods: In this prospective study, CXL was performed under topical anesthesia after removal of the epithelium (epi-
off technique) by applying ultraviolet A (UVA) light at a wavelength of 365 nm and power of 3 mW/cm2 or 5.4 joule/cm2. Isoosmolar 
0.1% riboflavin solution was administered before and during UVA irradiation. In addition to ophthalmologic examination, ocular 
response analyzer measurements were performed pre- and postoperatively. Corneal hysteresis (CH), corneal resistance factor (CRF), 
corneal compensated intraocular pressure (IOPcc), Goldmann-correlated intraocular pressure (IOPg), and central corneal thickness (CCT) 
were recorded. 
Results: The study included 35 eyes of 30 patients with progressive keratoconus. The mean age was 28.2±6.5 years and postoperative 
follow-up time was 20.2±14.7 months (range: 6-74 months). The mean CH was 8.60±1.23 mmHg preoperatively, 8.96±2.05 mmHg in 
the early postoperative period (1-6 months), (p=0.28) and 8.96±1.28 mmHg in the late postoperative period (10-29 months) (p=0.48). 
Mean CRF was 7.13±1.50 mmHg preoperatively, 8.48±2.16 mmHg in the early postoperative period (p=0.009), and 7.71±1.29 
mmHg in the late postoperative period (p=0.40). Mean IOPcc was 12.78±2.34 mmHg preoperatively, 15.38±4.21 mmHg in the early 
postoperative period (p=0.12) and 13.68±3.61 mmHg in the late postoperative period (p=0.48). Mean IOPg was 9.56±2.73 mmHg 
preoperatively, 13.01±4.45 mmHg in the early postoperative period (p=0.046), and 10.86±3.47 mmHg in the late postoperative 
period (p=0.44). Mean CCT was 484.43±41.26 µm preoperatively, 474.16±64.74 µm in the early postoperative period (p=0.70), and 
470.38±33.64 µm in the late postoperative period (p=0.71). 
Conclusion: CXL is a treatment modality believed to affect corneal biomechanics in keratoconus, but the results of larger patient series 
with longer follow-up periods may enable a better evaluation.
Keywords: Keratoconus, collagen crosslinking, corneal biomechanics
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wearing contact lenses, and it enables visual rehabilitation by 
correcting refraction.6,7 Intracorneal rings are also thought to 
contribute to corneal stability by affecting the biomechanics 
of the cornea.8,9 When these options are inadequate in patients 
with severe irregular astigmatism and stromal scarring, deep 
anterior lamellar keratoplasty or penetrating keratoplasty may 
be preferred.4,10

Collagen crosslinking (CXL) has gained attention in recent 
years as a treatment approach to keratoconus. It is universally 
accepted for the treatment of advanced keratoconus. CXL halts 
or delays the progression of the disease, thus reducing the need 
for lamellar or penetrating keratoplasty. In the corneal stroma, 
riboflavin (vitamin B2) and ultraviolet-A (UVA) undergo 
a photochemical reaction with environmental oxygen and 
generate free oxygen radicals. This photochemical reaction forms 
additional covalent bonds between the collagen fibrils in the 
stroma, thus reinforcing the structure of the corneal stroma. 
Therefore, CXL induces a process that influences and reshapes 
the biomechanics of the cornea.11

In this study, we aimed to use an ocular response analyzer 
(ORA, Ocular Response Analyzer, Reichert Ophthalmic 
Instruments, Corp., NY, USA) to examine eyes that underwent 
CXL treatment at our clinic due to progressive keratoconus, and 
evaluate the biomechanical changes that may occur in the cornea.

Materials and Methods
Thirty-five eyes of 30 patients who were diagnosed with 

progressive keratoconus at the Yeditepe University Eye Center 
between September 2011 and August 2015 were included in this 
prospective study. CXL treatment was planned for all patients; 
the research protocol was explained to all patients before the 
intervention and informed consent forms were obtained. The study 
was conducted in compliance with the Declaration of Helsinki 
principles and was approved by the hospital ethics committee. 
The patients underwent preoperative and postoperative 
examination including ophthalmologic examination, corneal 
topography using two different technologies, the GALILEI™ 
Dual Scheimpflug Analyzer (Ziemer Group AG, Switzerland) 
and the Wavelight Allegro Topolyzer (Alcon Laboratories, Inc., 
Fort Worth, TX, USA), and ORA measurement. The patients 
were clinically and topographically diagnosed with keratoconus 
based on clinical and biomicroscopic findings such as a scissoring 
reflex on retinoscopy, Munson’s sign, thinning of the cornea, 
Vogt striae, and Fleischer rings, and keratoconus patterns and 
corneal index changes on corneal topography. An increase of 
more than 1.00 diopter (D) in the vertical keratometry value 
within the last 12 months and/or a 0.50 D increase in spherical 
refraction, and a 1.00 D increase in the cylindrical refraction 
value were accepted as criteria for progression.11,12

Study inclusion criteria were being 18-40 years of age, 
having no ocular pathology other than keratoconus, and having 
a minimum corneal thickness of 400 microns and progression 
of keratoconus in the last 12 months. Patients with herpetic 
keratitis, severe dry eye, blepharitis, corneal infection, corneal 
scarring, and/or a history of autoimmune disease and patients 

who had undergone ocular surgery were excluded from the 
study. None of the patients had a history of smoking or diabetes. 
Pregnant women and breastfeeding mothers were also not 
included in the study.

The ORA delivers a rapid air pulse to the cornea during 
measurement, similar to air-puff tonometers; it then makes 
calculations by eliminating the potential interference between 
the pressure and the force. The first recording is acquired as the 
air jet creates the first applanation in the cornea. As the air jet 
continues to exert pressure, the cornea becomes concave. The 
air pulse is discontinued within milliseconds (ms). The cornea 
flattens again with the decrease in force, and the second recording 
is made during the second applanation. The cornea then returns 
to its normal convex state. Measurements are taken from the 3.0 
mm-diameter area of the central cornea. An electrooptic detector 
monitors the area for 20 ms. A graph is made from the recorded 
values (Graphic 1). The two peaks clearly visible at the top of 
the graph indicate the first and second applanations (P1 and P2). 
The viscoelastic nature of the cornea results in different pressure 
values at the applanations. The intersection points of the applied 
pressure and applanation pressure curves are identified, and the 
difference in height between them is defined as corneal hysteresis 
(CH) (Graphic 1). In other words, CH refers to the energy the 
cornea loses in order to return to its former state after being 
deformed by the airjet during ORA measurements. Another 
parameter provided by the ORA is corneal resistance factor 
(CRF). This parameter shows the total viscoelastic resistance of 
the cornea. The value is determined by calculating the linear 
function between the two applanation pressures (P1 and P2). 
The formula is defined as CRF=k1 x (P1-0.7xP2) + k2, where 
k1 and k2 are constants. Other ORA parameters are corneal 
compensated intraocular pressure (IOPcc), Goldmann-correlated 
intraocular pressure (IOPg), and central corneal thickness (CCT). 
The CCT measurement is taken after the ORA measurement 
with an ultrasonic pachymeter adapted to the device.

Surgical Technique
CXL was performed under sterile conditions and surgical 

microscopy. After applying topical anesthesia (2-3 drops of 0.5% 
proparacaine hydrochloride) to the target eye, the periorbital area 
and lids were cleaned with 10% povidone iodine, as in preparation 

Graphic 1. The two peaks on the red line represent the first and second 
applanations (P1 and P2). The green curve shows the air pressure applied by the 
device. The difference in height between the two intersection points corresponds 
to the histeresis value in mmHg (translated from the manufacturer’s user guide)
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for refractive surgery. With a sterile drape, the eyelashes were 
drawn back, the eye was covered, and a blepharostat was placed. 
The ocular surface was irrigated with a balanced salt solution 
(BSS). Several measurements were taken from the cornea using 
an ultrasonic pachymeter (PacScan 300AP, Sonomed Inc., NY, 
USA) and the minimum corneal thickness of at least 400 µm 
was reconfirmed. The cornea was prepared by placing 20% 
alcohol in a 9 mm diameter ring centered on the cornea for 
45 seconds. After rinsing the surface with ample BSS, the 
corneal epithelium was removed as a flap. A solution containing 
riboflavin (0.1% riboflavin, 20% dextran) was instilled every 3 
minutes for the first half hour in accordance with the Dresden 
protocol.16 During the second half hour, 365-nm UVA at a 
dose of 3 mW/cm2 or 5.4 J/cm2 was applied to the corneal apex 
from a distance of 5 cm using a CXL device (PESCHKE Trade 
CCL-VARIO Cross-linking). During irradiation, the riboflavin 
solution was instilled every 2.5 minutes and artificial tears 
(3 mg/mL hydroxypropylmethylcellulose, Tears Naturale® II, 
Alcon, Belgium) were instilled between drops of riboflavin in 
order to prevent dehydration of the cornea. Topical antibiotic 
(0.5% moxifloxacin, 4 times daily), topical corticosteroid (1% 
prednisolone acetate, 4 times daily), and artificial tear drops were 
prescribed postoperatively.

Statistical Analysis
In addition to ophthalmologic examination, the patients were 

evaluated with ORA before surgery, in the early postoperative 
period (1-6 months), and in the late postoperative period (10-
29 months). ORA measurements were made between 10:00 
and 12:00 in the morning. At least 3 measurements were taken 
from the patients and the most qualitative measurement with 
the highest waveform score was used for evaluation. In the 
statistical analysis, the pre-CXL and post-CXL CH, CRF, IOPg, 
IOPcc, and CCT values were evaluated using a dependent paired-
samples t-test in SPSS (Statistical Package for the Social Sciences 
Inc., Chicago, IL, USA) software. Change in a parameter with a p 
value of <0.05 was considered a significant difference.

Results

Thirty-five eyes of 30 patients were included in the study. 
Twenty-two patients (73%) were male and 8 (27%) were female. 
The mean age was 28.2±6.5 years (18-38 years). The mean 
postoperative follow-up period was 20.2±4.7 months (10-29 
months) (Table 1). The results of 3 male patients (4 eyes) and 1 
female patient (1 eye) who were lost to follow-up after the first 
month were excluded from the statistical analysis.

Table 2 shows the uncorrected and best corrected visual 
acuity, refraction, and topographic results of the patients before 
and after surgery. Significant improvement was found in all 
parameters (p<0.05).

Preoperative and early and late postoperative ORA parameters 
are shown in Table 3. 

The mean CH was found to be higher in the early and 
late postoperative periods compared to the preoperative value, 

but the difference was not statistically significant (p1=0.25, 
p2=0.48). The mean CFR was significantly higher in the 
early postoperative period compared to the preoperative value 
(p1=0.009), but there was no statistically significant increase in 
the late postoperative period compared to the preoperative value 
(p2=0.40). There was a significant increase in mean IOPg in the 
early postoperative period compared to the preoperative value 
(p1=0.46). The late postoperative mean IOPg was higher than 
the preoperative value but the difference was not statistically 
significant (p2=0.44). Mean IOPcc was higher in the early 
and late postoperative period than the preoperative value, but 
this difference was also not statistically significant (p1=0.12; 
p2=0.48). Early and late postoperative mean CCT was thinner 
in the early and late postoperative period compared to the 
preoperatively, but the difference was not statistically significant 
(p1=0.70; p2=0.71). There was no significant difference between 
the early and late postoperative period means of ORA parameters 
(CH, CRF, IOPg, IOPcc, CCT) (Table 3, p3 values).

Discussion
In recent years, it has been reported that CXL therapy 

slows, stops, and even reverses keratoconus.17,18,19 In vitro studies 

Table 1. Demographic characteristics of the patients

Patients (n=30)

Sex 8 female (27%) 
22 male (73%)

Age distribution (years) 
 18-28 years
 29-38 years

23 patients (76.6%)
7 patients (23.3%)

Mean age, years (mean ± SD) 28.2±6.5

Mean follow-up time, months (mean ± SD) 20.2±4.7

SD: Standard deviation

Table 2. Patients’ preoperative and late postoperative visual 
acuity, refraction, and topographic findings

Parameter Preoperative
(n=30)

Late 
postoperative 
period
(n=30)

p 

Corrected VA (decimal) 0.27±0.26 0.34±0.26 p<0.05

BCVA (decimal) 0.49±0.29 0.66±0.26 p<0.05

Refraction (spheric 
equivalent) (diopters)

-2.67±2.31 -1.781±1.68 p<0.05

Astigmatism (diopters) -3.04±1.48 -2.31±1.24 p<0.05

SimK
avg (diopters) 48.16±3.83 45.96±2.86 p<0.05

SimKs (diopters) 49.74±4.56 48.03±2.96 p<0.05

VA: Visual acuity, BCVA: Best corrected visual acuity, SimKavg: Simulated keratometric 
average measured via topography, SimKs: Simulated vertical keratometric value measured 
via topography
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have demonstrated that the treatment increases the number of 
crosslinks in the stroma and thus enhances the biomechanical 
resistance of the cornea.20,21 In a 2003 in vitro study conducted 
with a strip extensometer, Wollensak et al.22 experimentally 
demonstrated that Young’s modulus, which indicates the 
biomechanical rigidity of the cornea, increased 4.5 times in the 
human cornea and 1.8 times in the porcine cornea after CXL. 
However, this method is not suitable for clinical use because it is 
done with stripped corneal tissue. 

Devices that assess corneal biomechanics in vivo are the 
ORA, the Corvis tonometer (Corvis® ST OCULUS Optikgeräte 
GmbH, Wetzlar, Germany), and applanation resonance 
technology.23,24 The ORA is most commonly used in the clinic 
for evaluating corneal biomechanics, and there are many studies 
based on ORA results after various ocular pathologies and eye 
surgeries.9,13,14,15,25,26,27,28 ORA studies performed in keratoconus 
have reported lower CH and CRF parameters compared with 
normal eyes.16 Following corneal transplantation in eyes with 
advanced keratoconus, CH and CRF were increased but were 
found to be lower compared to normal eyes.10

In our study, mean CH was increased in the early and late 
post-CXL periods compared to the preoperative level, but the 
difference was not statistically significant. On the other hand, 
mean CRF, which is considered an important parameter in 
keratoconus, has been found to be significantly increased in the 
early post-CXL period.29 Mean CRF also increased in the late 
post-CXL period compared to the preoperative period, but the 
change was not statistically significant. 

The low IOP measurements in eyes with keratoconus are 
attributed to low corneal rigidity and corneal thinning.30 In our 
study, we observed increases in both mean IOPg and IOPcc in 
the early and late postoperative periods after CXL. However, 
only the increase in IOPg seen in the early postoperative period 
was statistically significant. Mean CCT showed statistically 
insignificant thinning in the early and late post-CXL periods. 
This thinning may be explained by the collagen fibers becoming 
more compact due to the increased crosslinkage in the stroma 
and scar formation.12,30

ORA studies performed in eyes with keratoconus following 
CXL report different results regarding biomechanical changes. 
Statistically insignificant increases in CH and CRF values were 
reported at 6 months after treatment in 2 studies and at 1 

year after treatment in another.31,32,33 Çağıl et al.12 also found a 
nonsignificant increase in CH or CRF values at postoperative 
1 and 6 months, but observed a significant decrease in CCT. 
Vinciguerra et al.19 reported significant increases in CH and 
CRF values at postoperative 1 month. However, they found 
no significant differences at postoperative 6 and 12 months 
compared to the preoperative values, and reported statistically 
insignificant reduction in CCT at postoperative 12 months. 
Greenstein et al.34 also found a significant increase in CRF in 
1 and 3 months, but found no significant difference at 1 year. 

While our results are consistent with the literature, the small 
differences among these studies are also noteworthy.

CXL therapy aims to increase the rigidity and resistance 
of the cornea. An increase in the values of parameters that 
measure corneal biomechanics is expected after CXL. Therefore, 
theoretically, a statistically significant increase would be expected 
after CXL in the biomechanical indicators assessed by the ORA 
device, especially the CH and CRF values. In our study, we 
observed that two of the ORA parameters (CH and IOPg) 
increased significantly in the early post-CXL period, while four 
of them (CH, CRF, IOPg, IOPcc) increased in the late period, 
albeit statistically insignificantly. The fact that our results are 
largely statistically insignificant may be due to various reasons. 
The first reason is the low number of patients, which is the 
main limitation of our study. The second may be the collagen 
lamellae becoming compact after CXL. As the cornea becomes 
thinner, the measurements decrease. In the present study, mean 
CCT measurements showed reductions of 10 µm in the early 
postoperative period and 14 µm in the late postoperative period, 
which may have caused the parametric values to be lower than 
expected. Another reason may be that each eye with keratoconus 
has different configuration, pachymetric, topographic, and 
therefore biomechanical properties. It is argued that because 
the cornea is not homogeneous, the ORA device may not 
be technologically sufficient for measurements. Other studies 
have similarly addressed the possibility of optical irregularities 
in ectatic corneas obscuring actual biomechanical changes by 
altering ORA signals.35,36 With time, the development of more 
precise versions and/or new devices may yield more meaningful 
results.

Table 3. Preoperative, early postoperative, and late postoperative ocular response analyzer results of patients who underwent 
collagen crosslinking therapy

Parameter Preoperative
(n=30)

Early postoperative 
period (n=30)

Late postoperative 
period (n=30)

p1 p2 p3

CH (mmHg) 8.60±1.23 8.96±2.05 8.96±1.28 0.28 0.48 0.85

CRF (mmHg) 7.13±1.50 8.48±2.16 7.71±1.29 0.009 0.40 0.67

IOPg (mmHg) 9.56±2.73 13.01±4.45 10.86±3.47 0.046 0.44 0.60

IOPcc (mmHg) 12.78±2.34 15.38±4.21 13.68±3.61 0.12 0.48 0.63

CCT (micron) 484.43±41.26 474.16±64.74 470.38±33.64 0.70 0.71 0.51

CH: Corneal hysteresis, CRF: Corneal resistance factor, IOPg: Goldmann intraocular pressure, IOPcc: Corneal compensated intraocular pressure, CCT: Central corneal thickness, p1: Statistical 
comparison of preoperative and early postoperative means (p<0.05 was accepted as significant), p2: Statistical comparison of preoperative and late postoperative means (p<0.05 was accepted as 
significant), p3: Statistical comparison of early and late postoperative means (p<0.05 was accepted as significant)
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Conclusion

In summary, CXL is a promising new treatment modality 
for keratoconus patients and may affect corneal biomechanics. 
Larger patient series and more advanced technologies are needed 
to fully understand corneal biomechanics and to quantitatively 
and precisely assess them. Devices that can accurately measure 
these changes and are suitable for clinical use have not yet been 
developed, including the ORA. To understand the mechanism 
of action of this therapy on the cornea, there is a need for 
multicenter, randomized, prospective studies including large 
patient populations with long postoperative follow-up periods, 
which will provide more statistically valuable results.
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 Introduction

Soft contact lenses (SCL) are currently one of the most 
popular modes of refractive error correction. With the advances 
in contact lens technology, they have become more comfortable 
and safer; however, they still carry the risks associated with 
modification of corneal morphology. The primary goal in SCL 
design is to create a contact lens which provides biocompatibility 
with both the cornea and the surrounding ocular environment 
(e.g. tear film, conjunctiva, eyelids). The mechanical properties 
of the SCL (edge design, diameter, modulus) should not increase 
corneal and conjunctival epithelial irritation and should allow 
maximum tear circulation.1 

Despite the developments in contact lens technology, the 
alterations in corneal metabolism and the mechanical forces 
associated with contact lens wear can affect the anterior shape of 
the cornea and result in central corneal steepening or flattening, 
loss of radial symmetry, and changes in astigmatism or optical 

higher order aberrations.2,3,4,5,6 Significant improvements in 
silicone hydrogel lenses have made them the first choice 
for new contact lens wearers.7 Silicone hydrogel lenses have 
eliminated corneal hypoxia.8 However, despite their high oxygen 
transmission levels, SCL-related central and peripheral corneal 
swelling which results in increased central corneal thickness and 
significant thinning of the central corneal epithelium has been 
reported.9,10 

Both the anterior corneal surface and corneal thickness are 
critical variables to consider before any clinical intervention, 
particularly refractive surgery. Furthermore, changes in the 
posterior corneal surface are useful in monitoring corneal 
pathologies and in the early detection of corneal ectatic 
disorders.11 Thus, monitoring changes in the anterior and 
posterior cornea is important in contact lens wearers who are 
candidates for keratorefractive surgery.

The purpose of this study was to assess changes in corneal 
and anterior chamber parameters after 12 months of SCL wear. 
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Objectives: To assess the long-term effects of soft contact lenses (SCL) on the cornea and anterior chamber by topography.
Materials and Methods: Thirty-nine eyes of 22 healthy patients were included in this prospective study. Changes in corneal and 
anterior chamber parameters before and after 12 months of daily SCL use (Air Optix Aqua, Air Optix Aqua for Astigmatism, Acuvue 
Oasys and Acuvue Oasys for Astigmatism) were evaluated with Pentacam (Oculus, Germany).
Results: Best corrected visual acuity with toric SCL was significantly better compared to spectacles in the toric SCL group (0.98±0.34 
vs 0.94±0.72, p=0.004). None of the corneal (horizontal and vertical keratometry, corneal volume, anterior and posterior corneal 
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parameters showed a statistically significant change after long-term daily wear of SCLs.
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Materials and Methods 

Thirty-nine eyes of 22 individuals who attended the contact 
lens clinic of Ankara Numune Training and Research Hospital 
between January 2014 and January 2016 were included in this 
prospective study. Patients with known history of ocular and/or 
systemic diseases, previous ocular surgery, prior contact lens use, 
ocular or systemic medication use, and more than 3.5 diopters 
of cylindrical and/or 6 diopters of spherical refractive error were 
not included. All subjects underwent complete ophthalmologic 
evaluation to ensure the presence of Snellen best corrected visual 
acuity of 20/25 or better, normal anterior and posterior segment 
biomicroscopy, normal tear film functions (Schirmer test >15 
mm/5 minute and tear break-up time ≥10 second) and  normal 
intraocular pressure. Informed consent was obtained from all 
subjects and the study was carried out with approval from the 
ethics committee of Ankara Numune Training and Research 
Hospital.

Refractive and topometric maps obtained with Pentacam 
(Oculus, Germany) were used to evaluate anterior and posterior 
corneal axial curvature, corneal volume, central corneal thickness, 
corneal thickness at the thinnest point, anterior chamber depth, 
anterior chamber angle, and anterior chamber volume before 
contact lens fitting. All measurements were performed by a 
single author (C.C.) between 10:00 and 12:00 a.m. to avoid 
diurnal variations. Only reliable scans that marked “quality 
specification” of Pentacam were included in analysis. 

After the completion of Pentacam measurements, each 
patient was fitted with a suitable Lotrafilcon B (Air Optix Aqua, 
Air Optix Aqua for Astigmatism, CIBA Vision, Duluth, USA) 
or Senofilcon A (Acuvue Oasys, Acuvue Oasys for Astigmatism, 
Johnson&Johnson, Jacksonville, USA) SCL according to their 
manifest refraction. Subjects were instructed to wear these 
contact lenses in daily wear mode before returning for the final 
visit at 12 months. The cornea and anterior chamber were 
re-evaluated with Pentacam (Oculus, Germany) at the final visit, 
at least 1 hour after contact lens removal to avoid lens-related 
mechanical changes. Subjects who wore their contact lenses 
regularly (>4 days/week) in daily wear mode were included in 
the final analysis.

Statistical Analysis
Statistical analyses were performed using SPSS version 13.0 

(Chicago, IL, USA) software. Student’s paired t-test was used to 
compare changes in visual acuity, keratometry, corneal volume, 
central corneal thickness, corneal thickness at thinnest point, 
anterior chamber depth, anterior chamber angle, and anterior 
chamber volume over time. P value less than 0.05 was considered 
to be statistically significant.

Results

Thirty-nine eyes of 22 patients were initially included in the 
study, but 2 of the subjects were excluded due to irregular SCL 
wear. Thus, the study was completed with a total of 37 eyes of 
20 patients (12 female, 8 male). Mean age was 20.52±3.18 years 

(range 15-28 years). Nineteen eyes were fitted with spherical soft 
lenses and 18 eyes were fitted with toric soft lenses.

Best corrected distance visual acuity (BCVA) for patients 
fitted with spherical lenses was 20/20 at baseline and final 
examination. There was a statistically significant increase in the 
distance BCVA of toric lens wearers (0.94±0.72 vs 0.98±0.34, 
p=0.004) (Table 1), and the significance in the total group seems 
to originate from the toric group.

The corneal (keratometry, corneal volume, anterior and 
posterior astigmatism, corneal apex, and thinnest-point corneal 
pachymetry) and anterior chamber parameters (anterior chamber 
depth, anterior chamber volume, and chamber angle) as evaluated 
by Pentacam are summarized in Tables 2 and 3, respectively. 
None of these parameters showed a statistically significant 
change after long-term contact lens wear.

Discussion

Contact lenses are a popular mode of refractive error 
correction due to advantages such as a larger field of vision, better 
optical quality, and cosmetic appeal. However, they still have the 
disadvantage of interfering with normal corneal physiology and 
curvature.11 The purpose of our study was to investigate the 
long-term effects of SCL wear on corneal and anterior chamber 
parameters measured by Pentacam. To our knowledge, this is the 
first prospective study to investigate long-term SCL-associated 
changes in the cornea (keratometry, corneal volume, central 
corneal thickness, corneal thickness at thinnest point) and the 
anterior chamber (anterior chamber depth, angle, and volume) 
with Pentacam. This device has been found to be highly reliable 
and showed excellent repeatability in previous studies.12,13

Snellen best corrected visual acuity of 20/20 was our targeted 
value for SCL wearers when prescribing contact lenses. Thus, 
some of the patients might have better visual acuity after SCL 
fitting. While we were unable to find a significant difference 
in the visual acuity of spherical lens wearers, a more detailed 
visual acuity study could also reveal significance in the spherical 
group. Visual performance in toric lens wearers was better with 
SCLs compared to spectacles. This result is in line with previous 
studies that have found improved visual quality and acuity with 
toric SCLs in low and moderate astigmatic eyes.14,15 We believe 
that with a good SCL-cornea adaptation process, the mechanical 
properties of contact lenses and the toric designs result in fewer 
aberrations with toric lenses compared to glasses.

Several studies have investigated the changes in corneal 
shape and thickness associated with contact lens wear. However, 

Table 1. Snellen best corrected visual acuity at baseline and 
after 12 months of contact lenses wear

Parameter Lens type Baseline 12 month n pa 

Visual acuity
Total 0.97±0.06 0.99±0.02 37 0.006

Spheric 1.0 1.0 19 -

Toric 0.94±0.72 0.98±0.34 18 0.004
aStatistical significance with paired t-test (p<0.05) 
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the follow-up for most of these studies was very short. Liu and 

Pflugfelder16 evaluated corneal thickness and topography in 

long-term contact lens wearers and healthy controls. They found 

that corneal thickness was significantly reduced by 30-50 µm in 

contact lens wearers. Furthermore, corneal curvature and surface 

irregularity were increased in eyes wearing contact lenses. Yeniad 

et al.17 evaluated changes in corneal curvature and thickness 

after 1, 6, and 18 months of rigid gas-permeable and soft lens 

Table 2. Evaluation of corneal parameters at baseline and 12-month follow-up 

Corneal parameters Lens type Baseline 12 months n pa

Rh (mm)

Total 7.94±0.22 7.94±0.24 37 0.98

Spheric 7.86±0.17 7.85±0.17 19 0.131

Toric 8.02±0.23 8.05±0.25 18 0.288

Rv (mm)

Total 7.67±0.24 7.67±0.24 37 0.454

Spheric 7.72±0.22 7.71±0.21 19 0.154

Toric 7.62±0.26 7.63±0.25 18 0.968

Corneal volume (mm3)

Total 62.29±3.47 60.85±9.39 37 0.406

Spheric 61.78±2.64 58.66±12.24 19 0.360

Toric 62.82±4.19 63.17±4.12 18 0.116

Anterior astigmatism (diopters)

Total 1.58±1.07 1.57±1.07 37 0.802

Spheric 0.84±0.38 0.85±0.34 19 0.778

Toric 2.36±1.00 2.33±1.05 18 0.616

Posterior astigmatism (diopters)

Total 0.41±0.23 0.43±0.21 37 0.073

Spheric 0.29±0.13 0.30±0.12 19 0.431

Toric 0.53±0.26 0.57±0.19 18 0.111

Corneal thickness at the apex (µm)

Total 553.64±23.22 555.76±23.39 37 0.163

Spheric 547.35±17.91 550.24±17.91 19 0.214

Toric 560.31±26.25 561.63±27.45 18 0.214

Corneal thickness at thinnest point (µm)

Total 549.03±22.75 550.82±23.57 37 0.247

Spheric 543.65±16.84 545±17.44 19 0.559

Toric 554.75±27.09 557±27.96 18 0.293

Rh: Horizontal radius of cornea, Rv: Vertical radius of cornea, aStatistical significance with paired t-test (p<0.05)

Table 3. Evaluation of anterior chamber parameters at baseline and 12-month follow-up

Lens type Baseline 12 months n pa

Anterior chamber depth (mm)

Total 3.24±0.17 3.23±0.15 37 0.285

Spheric 3.29±0.15 3.26±0.15 19 0.055

Toric 3.19±0.17 3.20±0.15 18 0.532

Anterior chamber volume 
(mm3)

Total 203.61±23.31 203.88±18.46 37 0.872

Spheric 208.30±20.50 208.00±16.78 19 0.884

Toric 198.62±25.67 199.50±19.67 18 0.759

Anterior chamber angle (°)

Total 40.012±5.553 41.157±5.502 37 0.175

Spheric 40.35±6.20 43.42±5.02 19 0.221

Toric 39.64±4.93 38.74±5.06 18 0.328

aStatistical significance with paired t-test (p<0.05) 
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wear. SCL wearers in their study showed corneal thickening at 
1 month, followed by corneal thinning at 6 and 18 months. 
An increase in radius of corneal curvature and central corneal 
thinning associated with continuous wear of first-generation 
high-Dk SCLs were previously reported in a small sample of 
patients.18

Contrary to these studies, Alba-Bueno et al.2 compared 
corneal topographical changes with 3 months daily wear of 
silicone hydrogel (SiH) lenses and found that corneal topographic 
indices were stable with daily wear of SiH lenses. The magnitude 
of corneal morphological changes associated with 8 hours wear 
of daily disposable lenses was also small.19 Radaie-Moghadam 
et al.20 investigated corneal hysteresis, corneal resistance factor, 
central corneal thickness, and keratometry on toric SCL 
wearers with negative history of SCL wear and concluded that 
corneal hysteresis and corneal resistance factor decreased at 1 
month and returned to baseline after 3 months, while central 
corneal thickness and corneal curvature values did not change 
significantly. 

In the present study; Acuvue Oasys, Acuvue Oasys for 
Astigmatism, Air Optix Aqua, and Air Optix Aqua for 
Astigmatism were selected to evaluate the presumptive 
corneal alterations. These SCLs constitute the majority of SCL 
prescriptions in our clinic. The mean CCT was 553.64±23.22 at 
baseline and none of the corneal parameters showed significant 
difference after 12 months of SiH contact lens wear. Conflicting 
results in different studies are most likely due to differences in 
contact lens material, oxygen transmissibility, water content, and 
modulus. The results of our study show that low modulus, high 
oxygen transmissible lenses can prevent the corneal alterations 
associated with SCL use. Early corneal biomechanical and 
curvature changes which develop in the first few months of SCL 
wear regress in long-term follow-up after the cornea-contact lens 
adaptation process.  

This study also investigated changes in anterior chamber 
volume, depth, and angle with SCL wear. As expected, no 
significant changes were observed in anterior chamber parameters.

Study Limitations
This study has several limitations. First, our sample size was 

relatively small and did not allow for segregation of patients into 
subgroups depending on the modulus of lens materials.

Another limitation is the lack of aberrometry measurements, 
which would be helpful to explain the improvement in visual 
acuity in the toric SCL group. 

Conclusion

In conclusion, the results of this study revealed that 
previously reported short-term SCL-associated corneal changes 
probably diminish in long-term follow-up. Long-term wear of 
current highly oxygen permeable and relatively low modulus 
SiH SCLs do not change corneal or anterior chamber morphology 
and volumetric parameters. Furthermore, toric SiH SCLs may 
provide better visual performance compared to spectacles. 

Further studies with a larger sample size and longitudinal 
follow-up are necessary to confirm these findings.
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Introduction

The cornea has unique viscoelastic properties that enable 
it to deform under stress and then return to its original state. 
Collectively, these are called the biomechanical properties of 
the cornea. In recent years, the in vivo evaluation of corneal 
biomechanical properties has gained importance. Although new 
devices are under development for such analyses, the Ocular 

Response Analyzer (ORA) device is currently in widespread use.1

Since the introduction of this device into clinical practice, 
several studies have been conducted on the biomechanical 
properties of the cornea.2 These studies examine a wide range of 
findings, from demographic data to the effects of corneal surgeries 
and various corneal pathologies on corneal biomechanical 
properties.1,2,3,4,5,6,7,8,9,10,11,12
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Objectives: To investigate the corneal biomechanical properties of keratoconic eyes following penetrating keratoplasty (PKP).
Materials and Methods: Thirty-five patients (70 eyes) were enrolled to this prospective study. Operated and contralateral keratoconic 
eyes were defined as Group 1 and 2, respectively. All patients underwent ophthalmological examination and measurements of corneal 
biomechanical properties by Ocular Response Analyzer (ORA), intraocular pressure (IOP) by Goldmann applanation tonometry, 
and central corneal thickness (CCT) by Pentacam. Shapiro-Wilk W test was performed to test normality of the data. The statistical 
significance was evaluated with the paired t-test and Wilcoxon signed ranks test. Pearson correlation and Spearman rho tests were used 
for correlation analysis. 
Results: The average age and male/female ratio were 31.34±11.65 (15-60) years and 21/14, respectively. The mean values of the data 
obtained from Group 1 and 2 respectively were: corneal hysteresis (CH): 9.35±1.66, 8.18±1.84 mmHg (p=0.013), corneal resistance 
factor (CRF): 9.48±1.96, 7.14±2.05 mmHg (p<0.001), IOPcc: 16.90±4.32, 14.26±3.69 mmHg (p=0.004), IOPg: 15.45±4.61, 
10.91±3.97 mmHg (p<0.001), IOPapl: 14.26±3.11, 13.09±2.54 mmHg (p=0.046), and central corneal thickness (CCT): 545.64±60.82, 
442.60±68.14 µM (p<0.001). The positive correlation between CH and CRF was moderate (r=0.444) in Group 1 and strong (r=0.770) 
in Group 2. There was a moderate negative correlation between CH and IOPcc in both groups (r=-0.426, r=-0.423), but CH was not 
correlated with IOPg or IOPapl in either group. There were weak to strong positive correlations between CRF and all IOP values in 
both groups. There was no correlation between CRF and CCT in Group 1 (r=0.075) and a very weak correlation in Group 2 (r=0.237). 
Only IOPcc and IOPg were strongly correlated in both groups.
Conclusion: Better understanding of corneal biomechanical properties is essential for elucidating the pathophysiology and diagnosis 
of several corneal pathologies such as keratoconus. The biomechanical properties of keratoconic eyes seem to be closer to normal values 
after PKP.
Keywords: Corneal biomechanical properties, Ocular Response Analyzer, keratoconus, penetrating keratoplasty
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Keratoconus is a progressive degenerative disorder of the 
cornea which inevitably affects its biomechanical parameters. 
Moreover, corneal transplant by keratoplasty, the surgical 
treatment option for advanced keratoconus, results in another 
change in biomechanical parameters.2

In this study, we aimed to evaluate and compare corneal 
biomechanical parameters in both eyes of patients with bilateral 
keratoconus who underwent unilateral penetrating keratoplasty 
(PKP). We also examined the relationship between the results 
and patients’ demographic characteristics.

Materials and Methods

In this study, we prospectively examined the corneal 
biomechanical properties of the operated and unoperated eyes of 
patients diagnosed with keratoconus who underwent unilateral 
PKP between 2013 and 2015 in the Cornea, Contact Lens, and 
Oculoplasty Unit in the Ege University Faculty of Medicine, 
Department of Ophthalmology. Eyes that underwent PKP 
were designated as Group 1 (study group) and the unoperated 
keratoconus eyes were designated as Group 2 (control group). 
The study was approved by the Ege University Faculty of 
Medicine, Clinical Research Ethics Committee. Voluntary 
informed consent forms were obtained from all patients.

Thirty-five patients aged 15-61 years were included in 
the study. All patients were diagnosed with keratoconus and 
underwent unilateral PKP surgery. Inclusion criteria included the 
absence of postoperative complications, absence of accompanying 
systemic (e.g. diabetes) or ocular diseases (e.g. glaucoma), no 
contact lens use, and no prior ocular surgery other than PKP (e.g. 
cataract surgery, LASIK). 

The patients were examined no earlier than 15 days after 
the corneal sutures were removed. All patients underwent 
detailed ophthalmologic examination, best corrected visual 
acuity measurement, slit-lamp anterior segment examination, 
and posterior segment examination with a 90 diopter (D) lens 
following pupil dilation with 1% tropicamide. Intraocular 
pressure (IOP) was measured with a Goldmann applanation 
tonometer (Haag-Streit AG, Koning, Switzerland) (IOPapl) and 
an ORA was used to measure the following corneal biomechanical 
properties: corneal hysteresis (CH), corneal resistance factor 
(CRF), corneal compensated IOP (IOPcc), and Goldmann-
correlated IOP (IOPg). The average of 4 measurements was 
recorded. In addition, central corneal thickness (CCT) was 
measured with a Pentacam (Oculus Pentacam version 1.20/10 
Germany) device.

Statistical Analysis
Data obtained in the study were statistically analyzed 

using SPSS (SPSS Inc., Chicago, IL, USA) version 16 for 
Windows software package. The conformity of the data to 
normal distribution was assessed with a Shapiro-Wilk W 
test. Parametric data conforming to normal distribution were 
evaluated in terms of statistical significance with a dependent 
t-test; data not conforming to normal distribution and other non-
parametric data were evaluated using a Wilcoxon signed rank 

test. For correlation analysis, normally distributed parametric 
data were analyzed with Pearson correlation test while data not 
conforming to normal distribution and non-parametric data were 
analyzed with a Spearman rho test. Absolute correlation values of 
0 to 0.25 were interpreted as very weak or no correlation, 0.25-
0.50 as weak correlation, 0.50-0.75 as moderate correlation, 
and >0.75 as strong correlation. The intragroup consistency 
(reliability) of IOP measurements was assessed using an F-test. P 
values of <0.05 were considered statistically significant. 

Results
The mean age of the patients was 31.34±11.65 (15-60) years. 

The female to male ratio was 14:21 (2:3). Simple interrupted 
sutures were used in all procedures. Graft diameter was 7.75 mm 
in 23 patients (65.7%), 7.50 mm in 9 patients (25.7%), 8 mm in 
2 patients (5.7%), and 9 mm in 1 patient (2.9%).

As expected, there was a significant increase in vision in 
all Group 1 eyes. Median pre- and postoperative visual acuity 
values were 1.3 (0.7-3.1) logMAR and 0.3 (0-1.5) logMAR, 
respectively (p<0.001).

The median interval between suture removal and ORA 
measurement was 10 months (0.5-492 months). All measured 
data (except for waveform score [WS]) conformed to normal 
distribution according to the Shapiro-Wilk W test.

The mean CH, CRF, IOPcc, IOPg, IOPapl, and CCT values 
of the groups are shown in Table 1. There were statistically 
significant differences between Groups 1 and 2 in all variables.

The median WS was 4.10 (2.20-7.50) in Group 1 and 5.10 
(1.20-8.50) in Group 2 (p=0.376). 

Analysis of correlations between age and corneal 
biomechanical parameters (CH, CRF, IOPcc, IOPg, and IOPapl) 
(Table 2) revealed no significant results other than very weak 
negative correlations between age and CH and CRF in Group 2 
(r=-0.216, -0.242).

In the evaluation of gender differences in the corneal 
biomechanical properties of the eyes in Group 2, it was observed 
that females had higher CH (8.69 vs. 7.84 mmHg) and CRF 
(7.61 vs. 6.82 mmHg) values, but the differences were not 
statistically significant (p=0.186 and p=0.275, respectively).

As shown in Table 3, intragroup comparisons revealed a 
moderate positive correlation between CH and CRF values in 
Group 1 (r=0.444) and strong positive correlation in Group 
2 (r=0.770). Moderate negative correlations were observed 
between CH and IOPcc in both Group 1 and Group 2 (r=-0.426, 
r=-0.423). There was no correlation between CH and IOPg, 
IOPapl, or CCT in either group. CRF and IOPcc were weakly 
or very weakly correlated in Group 1 (r=0.334) and Group 2 
(r=0.178). CRF and IOPg showed a strong positive correlation in 
Group 1 (r=0.663) and a moderate positive correlation in Group 
2 (r=0.575). There was a weak correlation between CRF and 
IOPapl in both Group 1 and Group 2 (r=0.277, r=0.298). CRF 
and CCT were not correlated in Group 1 (r=0.075), but showed 
a very weak correlation in Group 2 (r=0.237). There was a very 
strong positive correlation between IOPcc and IOPg in Group 1 
(r=0.911) and a moderate positive correlation between them in 
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Group 2 (r=0.771). Weak correlations were observed between 
IOPcc and IOPapl in both groups (r=0.357, r=0.371). There 
were also weak correlations between the IOPg and IOPapl values 
in both groups (r=0.362, r=0.384). CCT was not correlated with 
any corneal biomechanical parameter in Group 1, but was very 
weakly correlated with CRF (r=0.237) and IOPcc (r=0.487) and 
moderately correlated with IOPg (r=0.529) in Group 2.

In our evaluation of the consistency between IOP values, 
intragroup correlation coefficients (ICC) for IOPapl and IOPcc 
in Groups 1 and 2 were 0.276 (95% confidence interval 
[CI]=-0.027-0.543; p=0.022, F-test) and 0.330 (CI=0.019-
0.588; p=0.019, F-test), respectively (Table 4). ICC values for 
IOPapl value and IOPg were 0.327 (95% CI=0.010-0.588, 
p=0.023, F-test) in Group 1 and 0.291 (CI=-0.013-0.556, 
p=0.019, F-test) in Group 2. For IOPcc and IOPg values, ICC 
values in Groups 1 and 2 were 0.866 (95% CI=0.563-0.947, 
p<0.0001, F-test) and 0.559 (CI=-0.073-0.828, p<0.0001, 
F-test), respectively.

Discussion
Keratoconus is a degenerative process that causes changes 

in corneal biomechanical parameters. In eyes with keratoconus 
that undergo keratoplasty, another change in biomechanical 
parameters is expected.2 

The reliability of the ORA device is the main factor in the 
ability to accurately evaluate corneal biomechanical parameters. 
Version 2.04 of the ORA includes WS as a scale of 0-10, with 
higher values corresponding to greater measurement reliability. 
In previous studies on the reliability of using ORA, Lam et al.13 
recommended taking 3 measurements with WS ≥3.5, while 
Ehrlich et al.14 recommended a WS cut-off of 6.5. In another 
study, Mandalos et al.15 used a cut-off value of 6.0. Ayala and 
Chen16 recommended using measurements with WS of 7 or 
above whenever possible in order to increase reliability. In our 
study, the mean WS was 4.10 in eyes that underwent PKP and 
5.10 in unoperated keratoconus eyes. These values are consistent 
with the reliability values reported by Lam et al.13 The low WS 
values in our study, particularly in the corneas that underwent 
keratoplasty, may be attributable to scar tissue at the recipient 
bed-graft junction in eyes that underwent keratoplasty and 
the presence of abnormal topographic changes in both groups. 
Detailed WS data were not provided in other studies with 
patient populations similar to ours, thus precluding comparison 
with other studies on this point. 

Regarding the effect of sex on corneal biomechanical 
parameters, there are studies in the literature indicating no 

Table 1. Comparison of mean ocular response analyzer 
corneal parameters in Groups 1 and 2

Group 1 Group 2 p value

CH 9.35±1.66 8.18±1.84 p=0.013

CRF 9.48±1.96 7.14±2.05 p<0.001

IOPcc 16.90±4.32 14.26±3.69 p=0.004

IOPg 15.45±4.61 10.91±3.97 p<0.001

IOPapl 14.26±3.11 13.09±2.54 p=0.046

CCT 545.64±60.82 442.60±68.14 p<0.001

CH: Corneal hysteresis, CRF: Corneal resistance factor, CCT: Central corneal thickness, 
IOPapl: Intraocular pressure measured by applanation, IOPcc: Corneal-compensated 
intraocular pressure, IOPg: Goldmann-correlated intraocular pressure

Table 2. Analyses of statistical significance and correlation 
between age and Ocular Response Analyzer corneal parameters

Age

p value Correlation (r)

Group 1 Group 2 Group 1 Group 2

CH 0.662 0.212 -0.077 -0.216

CRF 0.298 0.162 -0.181 -0.242

IOPcc 0.347 0.693 -0.164 -0.069

IOPg 0.396 0.925 -0.148 -0.016

IOPapl 0.959 0.314 -0.009 0.175

CH: Corneal hysteresis, CRF: Corneal resistance factor, IOPapl: Intraocular pressure 
measured by applanation, IOPcc: Corneal-compensated intraocular pressure, IOPg: 
Goldmann-correlated intraocular pressure

Table 3. Intragroup correlations between corneal biomechanical parameters

CH CRF IOPcc IOPg IOPapl CCT

Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2

CH 1.000 0.444 0.770 -0.426 -0.423 -0.160 0.039 -0.131 0.092 0.126 -0.047

CRF 0.444 0.770 1.000 0.334 0.178 0.663 0.575 0.277 0.298 0.075 0.237

IOPcc -0.426 -0.423 0.334 0.178 1.000 0.911 0.771 0.357 0.371 0.034 0.487

IOPg -0.160 0.039 0.663 0.575 0.911 0.771 1.000 0.362 0384 0.016 0.529

IOPapl -0.131 0.092 0.277 0.298 0.357 0.371 0.362 0.384 1.000 0.051 0.086

CCT 0.126 -0.047 0.075 0.237 -0.034 0.487 0.016 0.529 0.051 0.086 1.000

CH: Corneal hysteresis, CRF: Corneal resistance factor, CCT: Central corneal thickness, IOPapl: Intraocular pressure measured by applanation, IOPcc: Corneal-compensated intraocular pressure, 
IOPg: Goldmann-correlated intraocular pressure
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significant effect17,18,19 as well as studies reporting statistically 
significant differences.20,21 It is conceivable that sex differences 
in corneal biomechanical properties may vary between different 
ethnicities, explaining these conflicting results. Our evaluation 
of sex-based differences in the corneal biomechanical properties 
of unoperated keratoconus eyes in this study showed that CH 
and CRF values were higher in women, but that the difference 
was not statistically significant.

Investigation of the effect of age on corneal biomechanical 
parameters has revealed no clinically significant differences in 
many previous studies. In a study by Kamiya et al.17 involving 
204 eyes of healthy individuals with a mean age of 46.7±19.4 
years, a minimal but statistically significant negative correlation 
was observed between CH and CRF values, while Ortiz et al.22 
reported significant differences in CH and CRF values only in 
individuals younger than 14 and older than 60 years of age. 
However, a linear correlation was not observed between age and 
these two biomechanical parameters. Kotecha et al.23 reported 
that CH decreased by 0.28 every decade, while Foster et al.24 
observed that CH decreased by 0.34 and CRF value decreased 
by 0.31 with each decade of age. In our study, there was a 
negative correlation, albeit very weak, between age and CRF 
in unoperated eyes with keratoconus (r=-0.242). Due to the 
progressive nature of keratoconus, these findings may be related 
to age-related progression and the presence of more advanced 
disease in older patients. However, because normal corneas were 
not included in our evaluation of the effects of age and sex on CH 
and CRF values, we believe the sex differences observed in this 
study may not reflect those in the healthy population.

In keratoconus, corneal biomechanical properties are affected 
by various factors including collagen fibrils and the organization 
of the main corneal components and cells within the tissue.25,26,27,28 
In previous studies concerning the biomechanical parameters of 
keratoconic eyes, it is reported that CH and CRF values are lower 
compared to normal corneas, and that this decrease is correlated 
with disease stage.1,22,29,30,31,32,33 Kirwan et al.34 examined corneal 
biomechanical properties in 3 groups (normal eyes, advanced 
keratoconus, and forme fruste [early] keratoconus [FFK]) and 
reported that CH and CRF values were significantly lower 
in eyes with keratoconus compared to FFK and normal eyes. 

Consistent with previous studies, we also found that the corneal 
biomechanical values of eyes with keratoconus (CH: 8.18±1.84 
mmHg, CRF: 7.14±2.05 mmHg) were lower compared to 
literature data on normal healthy eyes (normal range, CH: 
9.3±1.4-11.4±1.5 mmHg, CRF: 9.2±1.4-11.9±1.5 mmHg).35

The impact of keratoplasty on corneal biomechanical 
properties seems unavoidable.3,5,6,7 There are studies reporting 
that this effect differs in lamellar and PKP.7,8,9 The main factors 
that can contribute to changes in CH and CRF values after PKP 
are the biomechanical properties of the transplanted graft, the 
graft diameter, fibrotic wound healing at the graft-host junction, 
and the biomechanical properties of the recipient corneoscleral 
rim. While the first three factors have a positive effect on CH 
and CRF values, the presence of weak tissue from the keratoconic 
cornea in the corneoscleral rim of the recipient bed negatively 
affects CH and CRF values. In the relevant literature, Yenerel 
et al.3 reported that CH and CRF values were higher in eyes 
that underwent PKP compared to eyes with FFK or advanced 
keratoconus. It has also been shown that both CH and CRF 
approach values seen in normal eyes after PKP. Goldhagen et al.36 
detected CH and CRF values close to those of normal corneas 
in keratoconus eyes that underwent PKP. Consistent with the 
literature, we observed in the present study that CH and CRF 
values were significantly higher after PKP when compared with 
unoperated keratoconus eyes (CH: p=0.013, CRF: p<0.001).

Strong correlation has been reported between CH value and 
CRF value, which are corneal viscoelastic parameters.37 Similarly, 
in the present study there was a moderate positive correlation 
between CH and CRF values in PKP eyes (r=0.444) and strong 
positive correlation in unoperated keratoconus eyes (r=0.770). 
The weaker correlation in eyes that underwent keratoplasty may 
be due to the effect of the fibrotic scar on cumulative values.

It is known that CH and CRF values are strongly correlated 
with CCT.38,39,40,41 Most studies in the literature have reported 
a strong positive correlation between CH and CRF values and 
CCT in normal eyes.38,42,43,44,45,46,47 Unlike these studies, Broman 
et al.48 observed different CH values in eyes with the same CCT 
value, which they attributed to the possible influence of other 
unidentified factors on corneal biomechanical properties.34,49 

In our comparison of unoperated keratoconus corneas and 
keratoconus corneas that underwent PKP, we did not observe 
the correlation between CH and CRF values and CCT that 
exists in normal corneas, which supports the theory of multiple 
unidentified factors.

Studies investigating the relationship between CH and 
CRF values and IOP values have shown that CH is negatively 
correlated with IOPcc.42,49,50,51,52 This is likely due to the 
interaction between CH and CCT.39 As CCT increases, CH and 
the measured IOPg value also increase, while IOPg and IOPcc 
diverge.38,42 However, a study by Liu and Roberts28 demonstrated 
that the correlation between CCT and IOP values is not a simple 
linear relationship, but a complex and non-linear association. 
Furthermore, some believe that IOPcc value is a more accurate 
because it is obtained by eliminating the effect of CCT.5 Similar 

Table 4. Consistency between intraocular pressure 
measurements within Groups 1 and 2

Group Correlation 
coefficient

Confidence interval 
and F test

IOPapl vs IOPcc Group 1 0.276 -0.027-0.543, p=0.022

Group 2 0.330 0.019-0.588, p=0.019

IOPapl vs IOPg Group 1 0.327 0.010-0588, p=0.023

Group 2 0.291 -0.013-0.556, p=0.019

IOPcc vs IOPg Group 1 0.866 0.563-0.947, p<0.0001

Group 2 0.559 -0.073-0.828, p<0.0001

IOPapl: Intraocular pressure measured by applanation, IOPcc: Corneal-compensated 
intraocular pressure, IOPg: Goldmann-correlated intraocular pressure
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to the literature, correlation analysis between CH and CRF 
values and IOP values in our study revealed a moderate negative 
correlation between the CH value and the IOPcc value in both 
groups, but CH value was not correlated with IOPg or IOPapl 
values.

In the literature, CRF value is reported to be positively 
correlated with IOP values in healthy eyes.53 In parallel to 
existing data, we also observed positive correlations between CRF 
and all IOP values, ranging in strength from weak to strong, in 
both groups of eyes in our study. However, the correlations were 
weaker than those seen in healthy corneas. 

The accepted strong positive correlations between CCT value 
and IOPapl and IOPg values are a result of the CCT increasing 
corneal resistance to applanation. Because IOPcc is obtained by 
correcting for the effect of corneal thickness on IOP, this value 
is least dependent on CCT.54,55 In our study, we detected no 
correlation between CCT and IOP values in either group. We 
believe that because our study involved eyes that underwent 
PKP and eyes with keratoconus, the relationship between 
biomechanical factors and IOP and CCT may have been affected 
by different variables than those reported in the literature.

Regarding consistency between IOP values, Ouyang et 
al.56 showed that in a normal population, repeated ORA 
IOP measurements are equivalent to IOPapl values and that 
ORA IOP values are valid and reliable. In our analysis of the 
intragroup consistency of measured IOP values, we did not 
observe significant agreement between IOPcc and IOPg values 
and IOPapl values in the eyes that underwent PKP or the 
keratoconus eyes. However, there was significant consistency 
between IOPcc and IOPg values in both groups. This is because 
IOPcc and IOPg values are both ORA IOP values and were 
obtained from the same device.

Aside from all these data, another factor that is likely to affect 
ORA parameters in eyes that undergo PKP is graft diameter. 
Corneal biomechanical results after keratoplasty using a large 
graft are reported to be closer to normal values. Large grafts have 
several advantages: there is less postoperative astigmatism due 
to a more peripheral graft-recipient interface, and the maximum 
amount of abnormal cornea is removed and replaced with normal 
donor tissue. In terms of graft biomechanical properties in 
keratoconus, a large graft may be expected to provide the best 
results and yield more stable postoperative refractive outcomes; 
however, grafts with large diameters (>8.5 mm) have certain 
limitations such as high graft rejection and failure rates.9,57 
Therefore, we believe that when performing keratoplasty, these 
factors should be evaluated and graft diameter should be selected 
so as to bring the biomechanical properties of the cornea closer to 
normal while assessing the risks and benefits. The majority of the 
grafts used in the keratoplasty procedures in our study were 7.5 
mm or 7.75 mm in diameter, which was not considered adequate 
data for a comparison of graft diameter. Therefore, we did not 
evaluate the effect of graft diameter on corneal biomechanical 
properties.

Conclusion

In conclusion, while the biomechanical properties of eyes 
with keratoconus approach normal values after PKP, there are 
still important limitations to the comparison of these eyes 
using an ORA. Because measurements are taken 3-4 mm 
from the central cornea, keratoconic corneas with decentralized 
irregularity may be overlooked with this device and it may not 
be possible to evaluate response of the entire cornea in cases 
where the central 7-8 mm has been replaced, as in keratoplasty. 
In addition, central corneal surface irregularity and the presence 
of a corneal scar can interfere with the infrared specular reflection 
beam of the ORA, leading to a waveform change. Therefore, all 
of these potential limitations should be taken into consideration 
and the importance of reliability should not be overlooked in the 
ORA examination of all non-normal corneas.
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Introduction

Glaucoma is among the leading causes of blindness 
worldwide.1 Optical coherence tomography (OCT) parameters 
are reported to be more sensitive than visual field parameters 
for the early diagnosis of glaucoma.2 OCT provides objective, 
measurable, and reproducible values pertaining to peripapillary 
retinal nerve fiber layer (RNFL) thickness and the optic nerve 

head (ONH), making it an important tool for early diagnosis and 
progression monitoring in glaucoma.3

Following the first publication on OCT over 25 years 
ago, various studies have shown that OCT is an important 
technological development for glaucoma diagnosis.4,5,6,7,8 The 
use of spectral-domain OCT (SD-OCT) technology enables 
the acquisition of more detailed information with higher 
image resolution and scanning speed compared to time-domain 

Göz Vakfı, Bayrampaşa Eye Hospital, Ophthalmology Clinic, İstanbul, Turkey

Objectives: To determine interindividual variability in the angle between the anatomic axis connecting the fovea and optic disc center 

and the horizontal meridian using spectral domain optical coherence tomography (OCT).

Materials and Methods: A total of 260 eyes of 133 subjects (81 women, 52 men) with glaucoma or suspected glaucoma were 

included in the study retrospectively. Fovea-disc angle (FoDi angle) measurements, determined as the angle between the horizontal 

meridian passing through the Bruch’s membrane opening (BMO) center and the line connecting the fovea and BMO center, were 

recorded from spectral domain-OCT scans performed by the same investigator. FoDi angle was defined as negative if the fovea was located 

below the horizontal meridian through the BMO center and positive if the fovea was located above it.

Results: The mean age of the participants was 56.5±14.6 years (27-83 years). The mean FoDi angle was -6.43±4.96° (range: -24.40° to 

+11.60°). Absolute deviation of the fovea BMO axis from the horizontal axis was 0-5° in 83 eyes (31.92%), 5-10° in 124 eyes (47.69%), 

10-15° in 41 eyes (15.76%), 15-20° in 10 eyes (3.84%), and greater than 20° in 2 eyes (0.79%).

Conclusion: Most OCT devices currently used in the treatment and follow-up of glaucoma patients provide peripapillary retinal nerve 

fiber layer (RNFL) thickness measurements that are made based on a clinical axis in reference to the horizontal meridian passing through 

the optic disc center. The results of our study reveal interindividual variation in FoDi angle as well as intraindividual differences in FoDi 

angle between fellow eyes in the same individual. Disparity between clinical and anatomic quadrants could impact RNFL thickness 

measurements, which may lead to errors in the diagnosis of glaucoma.
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devices (TD-OCT).9,10 Nevertheless, the value and reliability of 
OCT for early diagnosis and follow-up in clinical practice are 
still a subject of debate.11,12,13 With the widely used SD-OCT 
devices, the optic disc margins are estimated clinically and 
RNFL thickness measurements are made by accepting the 
0-180° horizontal line passing through the ONH center as the 
horizontal meridian (Figure 1). In addition, achieving the same 
head position and measuring through exactly the same points in 
repeated scans done to assess progression is entirely a matter of 
chance, which raises questions about reliability.

In the March 2015 update to the SD-OCT (Spectralis; 
Heidelberg Engineering GmbH, Heidelberg, Germany) device, 
fovea-disc (FoDi) alignment software was added with version 
6.0. When measuring RNFL thickness with this new software, 
the fovea is first identified automatically (Figure 2), then the 
optic disc margins are automatically detected (Figure 3), and 
RNFL thickness is measured based on quadrants determined 
using the anatomic axis connecting the fovea and ONH center 
(Figure 4). As the same axis is used when preparing the database, 
the results obtained from data analysis are more accurate and 
rotational errors are eliminated. In addition, the FoDi system 
enables comparison of the same points in serial measurements 
of the same patient, allowing a more accurate assessment of 
progression. 

The aim of this study was to utilize the FoDi software to 
investigate interindividual differences in the angle between the 
axis connecting the fovea center and optic disc center and the 
horizontal meridian through the OHN center among patients 
with suspected or diagnosed glaucoma. Considering that RNFL 
measurements with other devices are made using quadrants 
based on a standard 0-180° horizontal axis, we wanted to bring 
attention to the possible effect the discrepancy between these 
axes may have on diagnostic evaluation.

Materials and Methods

Two hundred sixty eyes of 133 patients (81 females, 52 males) 
who were diagnosed with glaucoma or were being followed for 
suspected glaucoma at our hospital were retrospectively included 
in the study. Patients having a best corrected visual acuity of 20/40 
or better, refractive errors with a spherical equivalent of less than 
±5.00 diopter, and no macular pathology were included in the 
study. Patients with a history of previous eye trauma or surgery, 
peripapillary atrophy, and tilted discs were not included. Data 
from previous routine ophthalmological examinations, including 
visual acuity measurements, refractive error assessment, slit-lamp 
and fundus examinations, and intraocular pressure measurements 
with Goldmann applanation tonometry, were recorded.

Figure 1. Measurements made in various optical coherence tomography devices based on a 0-180° horizontal meridian 
RFNL: Retinal nerve fiber layer, OD: Right eye, OS: Left eye
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Prior to OCT, all patients’ pupils were dilated with 1% 
tropicamide. Patients were asked to look at the internal foveal 
fixation point during measurement. All RNFL thickness 
measurements were obtained by the same experienced physician 

(T.Z.) using the glaucoma module (software version 6.0f) of the 
SD-OCT device (Spectralis; Heidelberg Engineering GmbH, 
Heidelberg, Germany). Measurements were repeated for eyes 
with measurement quality less than 15. The angles between 
the axis connecting the fovea center and optic disc center and 
the horizontal axis passing through the disc center (FoDi angle, 
automatically provided in the OCT output) were recorded. In the 
OCT output, angles were recorded as negative values if the fovea 
center was below the horizontal axis through the ONH center 
and as positive values if the fovea center was above the horizontal 
axis. Absolute deviation values between the anatomic axis and 
horizontal axis (irrespective of positive/negative direction of 
FoDi angle) were also recorded.

Statistical Analysis
SPSS software (version 22.0, SPSS, Inc.) was used for 

statistical analyses. The one-sample Kolmogorov-Smirnov test 
was used to assess the normality of FoDi angle distribution and 
the distribution of absolute misalignment angle according to the 
horizontal axis.

Results

The patients ranged in age from 27 to 83 years, with a mean 
age of 56.5±14.6 years.

FoDi angles ranged between -24.40° and +11.60°, and the 
mean value taking into account positive and negative direction 
was -6.43±4.96°. Of the 260 eyes in the study, FoDi angle 
was negative in 243 eyes (93.46%) and positive in 16 eyes 
(6.15%). The anatomical axis and the horizontal axis were on 
the same plane in only 1 eye. According to the one-sample 
Kolmogorov-Smirnov test, FoDi angle distribution was normal 
(p=0.002) (Graphic 1). Analysis of deviations between 0° and 
24.4° without regard to positive or negative sign yielded a mean 
absolute deviation of 7.14±3.95° between the anatomic axis and 
the horizontal axis. The distribution of absolute deviation values 
was also normal according to one-sample Kolmogorov-Smirnov 
test (p=0.2) (Graphic 2).

Deviation from the horizontal axis was 0-5° in 83 eyes 
(31.92%), 5-10° in 124 eyes (47.69%), 10-15° in 41 eyes 
(15.76%), 15-20° in 10 eyes (3.84%), and greater than 20° in 
2 eyes (0.79%). 

Discussion 

Morphological changes in glaucoma are detected by assessing 
the optic nerve head and RNFL. Visual field testing, which is 
also used in glaucoma diagnosis and follow-up, is a subjective 
method. OCT emerged in the early 1990s but was more 
widely used after the introduction of the TD Stratus OCT (Carl 
Zeiss Meditec) in 2001. The production of the Optovue OCT 
(Optovue Inc., Fremont, California, USA) device in 2006 and the 
Cirrus OCT (Carl Zeiss Meditec) device in 2007 using SD-OCT 
technology enabled more detailed examination of the optic nerve 

Figure 4. Retinal nerve fiber layer thickness measurement with the fovea-disc 
software
BMO: Bruch’s membrane opening

Figure 2. Automatic fovea detection in the fovea-disc software

Figure 3. Determination of optic disc margins based on the Bruch’s membrane 
opening in the fovea-disc software
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Graphic 1. Distribution of fovea-disc angles between -24.40° and +11.60° (x 
axis: fovea-disc angles in degrees; y axis: number of eyes)

Graphic 2. Distribution of absolute deviation of anatomic fovea-disc angle from 
horizontal meridian, ranging from 0° to 24.4° (x axis: absolute deviation in degrees; 
y axis: number of eyes)

head in addition to the RNFL, and the use of OCT became 
increasingly widespread. Improvements in SD-OCT technology 
have enabled the visualization of various anatomic features in the 
assessment of the ONH which were not available until recently. 

The glaucoma module of the Spectralis SD-OCT device 
(software version 6.0; Heidelberg Engineering GmbH, 
Heidelberg, Germany) evaluates the neuroretinal rim by 
automatically determining the shortest distance from the inner 
rim of the BMO to the internal limiting membrane as a 
reference and measuring RNFL thickness (Figure 5). The BMO 
minimum rim width (BMO-MRW) is now defined as a new 
parameter for the diagnosis of glaucoma. Determining MRW 
in this way is said to result in the most geometrically accurate 
measurement compared to scanning methods that have been 
in use since the introduction of OCT.7,14 Kook et al.5 reported 

that in the ONH, BMO-MRW represents the outer margin of 
the neuroretinal rim and is an anatomically definitive structure 
that allows neuroretinal rim measurements. When making 
measurements with standard OCT devices, the optic disc margins 
are determined by clinical estimation, which is very error-prone 
(Figure 6). In their study, Helvacioglu et al.15 emphasized the 
importance of correctly positioning the 3.4 mm circle when 
measuring RNFL thickness. Reis et al.20 stated in their study 
that due to clinically invisible extensions of the Bruch membrane 
and sectoral differences, the clinically observable disc margin is 
not the true disc margin. Numerous studies have emphasized the 

Figure 5. Determination of optic disc margins based on Bruch’s membrane 
opening in the fovea-disc software

Figure 6. Anatomic disc margins according to Bruch’s membrane opening-
minimum rim width 
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importance in preperimetric glaucoma of OCT measurements of 
RNFL thickness taking into account BMO.17,18,19,20

The position of the fovea relative to the optic disc center has 
recently attracted the attention of some glaucoma researchers and 
new software has been developed. This is because measurements 
based on a horizontal meridian do not allow measurements at the 
same points when monitoring progression, and errors related to 
head position can lead to misleading results. 

The FoDi software add-on found in the glaucoma module of 
the Heidelberg SD-OCT device automatically provides values for 
the ocular torsion angle. With the Anatomic Positioning System 
(APS) in the glaucoma module of Heidelberg SD-OCT, disc 
margins can be detected automatically based on BMO.7,9 Using 
a device with this updated software, the line connecting the 
center of the optic disc margins automatically determined based 
on BMO (optic disc center) and the automatically determined 
fovea center was identified as the anatomical axis. The superior, 
inferior, nasal, and temporal quadrants are determined based on 
this axis (Figure 7). We believe this increased the accuracy of the 
RNFL thickness measurement values we obtained in this study.

There are various studies in the literature concerning 
the importance of FoDi alignment in the measurement of 
peripapillary RNFL thickness. In a study analyzing Stratus OCT 
data of 94 healthy individuals, Vizzeri et al.9 reported positive 
linear relationships between signal strength and horizontal 
deviation and mean RNFL thickness. Similarly, Chauhan and 
Burgoyn21 stated that the axis between the fovea and center of 
the BMO-based optic disc must be used in neuroretinal rim 
and peripapillary RNFL thickness measurements, otherwise 
the diagnostic sensitivity of SD-OCT measurements may be 
reduced.

Helvacioglu et al.15 measured RNFL thickness in 42 eyes of 
21 patients using Optovue SD-OCT and compared measurements 
made by perfectly centering to the ONH with measurements 
that were misaligned to the 4 quadrants (superior, inferior, 
nasal, temporal), and found that misalignment led to falsely low 
thickness measurements in that quadrant and higher thickness 
measurements in the opposite quadrant. Similarly, in their study 
including 222 eyes of 222 patients with ocular hypertension 
or glaucoma, He et al.22 emphasized the importance of foveal 
position relative to the optic disc for normal RNFL thickness 
distribution. In another study including 164 eyes of 164 non-
glaucomatous myopic patients, Choi et al.23 reported that in 
eyes with a more negative FoDi angle, the peripapillary RNFL 
thickness profile was thinner in the superior quadrant and 
thicker in the inferior quadrant.

Contrary to these studies, Mwanza et al.24 reported that 
FoDi alignment had no marked effect on RNFL thickness 
measurements in their Cirrus HD OCT study including 282 
healthy (normative database), 46 non-glaucomatous myopic, and 
86 glaucomatous individuals.

The aim of the present study was to emphasize the 
interindividual variation in FoDi angle, which affects peripapillary 
RNFL thickness, and to suggest that this variability may 
impact RNFL thickness measurements and ultimately lead to Figure 9. Fovea-disc angle of 24.4°

Figure 7. Retinal nerve fiber layer thickness measurement before and after fovea-
disc software

Figure 8. Fovea-disc angle differences between fellow eyes of the same patient
OD: Right eye, OS: Left eye
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inaccuracy in glaucoma diagnosis. There are also various studies 
in the literature attempting to determine this difference. Reis 
et al.25 found in their study that the optic disc margin tissue is 
variable and the angle between the horizontal axis and the axis 
connecting the fovea and the optic disc center varies between 
individuals and even between fellow eyes of the same individual. 
We also observed this intraindividual difference in FoDi angle in 
all of our patients (Figure 8).

In previous studies, mean FoDi angle values range between 
-5.6° and -7.7° and the FoDi distribution is between -17° (the 
fovea is 17° below the disc) and +7° (the fovea is 7° above the 
disc).19,26,27,28 Consistent with the literature, the range of FoDi 
angles in our patients was -24.4° to +11.6° and the mean 
value was -6.43±4.96°. The range of absolute deviation angles 
between the anatomical axis and the horizontal axis was 0-24.4°, 
and the mean absolute deviation was 7.14±3.95°. In our study, 
the anatomical axis and the horizontal axis were on the same 
plane in only 1 of 260 eyes. We observed FoDi angles greater 
than 10° in 20.39% of the eyes (53 eyes) and greater than 20° in 
0.79% of the eyes (2 eyes) (Figure 9).

Conclusion
In conclusion, we believe that the disparity between the 

anatomic axis and horizontal axis observed among patients with 
diagnosed or suspected glaucoma in our study may affect RNFL 
thickness measurements and lead to errors in early glaucoma 
diagnosis. Comparative studies on larger patient series are needed 
for more definitive results.
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Introduction

The pupil is an important functional structure that balances 
the amount of illumination entering the eye to enable clear 
vision. The sphincter pupilla and dilator pupilla muscles 
act together under the control of the parasympathetic and 
sympathetic nervous systems. The muscles are respectively 
governed by the oculomotor nerve, sympathetic nervous system 
tracts and fibers that are located in the mesencephalon and the 
cervical spinal cord. The functional status of these structures 

(optic nerve, mesencephalon, spinal cord, oculomotor nerve, 
cervical sympathetic fibers, and pupillary muscles) is evaluated 
by the pupillary light response (PLR).1 Although physical 
examination of PLR is the usual method of evaluation, use of a 
device called a pupillometer offers more diagnostic sensitivity 
than physical examination alone.2 Commercial pupillometers 
are both costly and unavailable in clinical practice, especially in 
developing countries. Also, they lack flexibility and versatility 
for research purposes where light stimulation under different 
paradigms may be required. This paper addresses this issue. 
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**Adnan Menderes University Faculty of Medicine, Department of Ophthalmology, Aydın, Turkey
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Objectives: This paper presents the design and construction of a viable pupillometer system and demonstrates its merits with extensive 
validation tests.
Materials and Methods: A web camera was modified by removing its infrared filter and mounted on a chin rest. Light emitting 
diodes (LEDs) operating at infrared and visible spectra were integrated to provide background and light stimulus, respectively. The LEDs 
were controlled by a microprocessor board. Stimulation was presented using a periodic paradigm with variable period and duty cycle. 
Videos of both pupils were recorded at 30 frames/second and processed offline using software developed in-house. The overall system was 
validated with data gathered from individuals with healthy vision under different stimulation paradigms. Temporal variations in pupil 
size were determined and analyzed statistically. 
Results: The analysis revealed that the pupil sizes were accurately measured from the video frames provided that reflections from both 
infrared and visible lights remain outside the pupil. The system achieved moderate to excellent repeatability scores (87.8 and 86.8% for 
short 1 second and long 2 second pulses, respectively), which demonstrated its effectiveness and confirmed that it can be used reliably 
as a pupillometer. 
Conclusion: The proposed pupillometer system produces useful, quantitative data characterizing pupillary light response. However, 
further development and implementation are needed to potentially turn it into a low-cost alternative for other studies involving the 
autonomic nervous system, cognitive function, drug metabolism, pain response, psychology, fatigue, and sleep disorders.
Keywords: Pupillary light reflex, pupillary response, pupillometer
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We have developed a viable pupillometer system for real-time 
video recording of pupil response to light stimulation and video 
analysis software for characterizing PLR. The overall system was 
validated and its merits were investigated with the data acquired 
from healthy individuals subjected to periodic white light 
stimulations with short and long pulse durations. 

Materials and Methods

Video Acquisition and Recording Hardware
Video acquisition and recording functions in the pupillometer 

system were achieved in a cost-effective manner using a common 
web camera (INCA_IC-3562 model) attached to a standard 
laptop PC via a USB cable and a software package (AMCAP 
Version 8.11). The camera was modified by removing the 
infrared filter in front of its lens. This expanded the operation 
of the camera into a near-infrared spectrum and allowed 
visualization of the pupil in both dark and light conditions. The 
frame rate of the camera was set at 30 frame/second, but the 
actual rate was determined to be 25 frame/second for the real 
video recordings in mpeg4 format. During the examination, the 
subject sat on a chair in an upright position, placed his/her chin 
on a metal structure to which the camera was mounted, and was 
asked to focus on the camera (Figure 1). Eye-to-camera position 
was carefully leveled to remain horizontal, and the distance 
between was maintained at 24 cm. 

Infrared and White Light Setup
The stimulation arrangement consisted of infrared and 

white light emitting diodes, placed separately on a specially 
designed circuit board. Four diodes were placed side-by-side as 
a bank. White lights were positioned below the infrared diodes. 
The printed circuit board spanned both eyes and was placed 
near the cheek, below the eyes. It was oriented at an angle of 
approximately 130-140° to the horizontal, sloping away from 
the subject. This orientation prevented white light reflections as 
they remained below the pupil during the recordings. Otherwise, 
the reflections within the pupil interfered with the process of 
pupil size estimation during the off-line video analysis. This 
approach improved the accuracy of the estimates calculated using 
semi-automatic software developed in-house as discussed below. 

Both the white light and infrared diodes were connected 
electrically to a microcontroller board (Arduino UNO). It was 
programmed (Arduino 1.6.0) to carry out the specific stimulation 
paradigms by periodically turning the white light diodes on and 
off for a predefined duration while leaving the infrared diodes 
on for the entire recording time. The peak wavelength of the 
infrared diode was 940 nm. Turning this diode on alone did not 
induce any pupillary reaction nor interfere with the eye response 
induced by the white light. 

In a PLR examination, both eyes were stimulated 
simultaneously with light-dark periods and the responses of both 
pupils were recorded throughout the session. The resulting video 
was appropriately named and stored digitally for post-processing.

Video Processing Software 
The video files were analyzed using software developed 

in the Matlab environment (Matlab Version R2015A, The 
MathWorks Inc., Natick, MA). The Matlab code is given in 
Figure 2. The program runs in semiautomatic mode. The code 
opens the video file, starts with a predefined video frame, and lets 
the user manually mark the centers of the pupils in both eyes. 
The pupils in the first and the following frames were identified 
automatically. Also, the pupils were segmented out and their 
sizes were calculated pixel-wise, both automatically, in each 
video frame and recorded sequentially in a text file along with 
the frame number. Estimating pupil size was not possible in 
some frames due to eye blinking or closing. These data points 
were filled with zero automatically.

Validation Measurements of Repeatability 
The light stimulation paradigms used for validation purposes 

involved periodic short 1 second light/1 second dark or long 2 
second light/2 second dark pulses. Each recording started with a 
baseline acquisition of 5 second followed by at least 12 periods 
of light/dark stimulus cycles. Under each paradigm, the intensity 
produced by white light was measured using a power meter 
(Lutron-Model LX-1108) which was placed at the same level 
as the left eye. During the examination, videos were acquired 
with both 1 second and 2 second stimulation paradigms. To 
test repeatability, the same paradigm was repeated in each 
session with a 2 minute rest interval in between. The videos 
were processed off-line using the code in Figure 2. The pupil 
size estimates for both eyes in the frames under each stimulation 
paradigm were sequentially stored in text files.

Ethical Issues, Inclusion and Exclusion Criteria
The study was approved by the Medical Ethics Committee 

of Adnan Menderes University (2015/577). Signed consent 
forms were obtained from the volunteers. Inclusion criteria 
were: having no history of any previous disorders which caused 

Figure 1. Custom-made pupillometer system used in this study. A) Lateral view, 
B) Antero-lateral view, C) Placement of infrared (lower) and white light diodes 
(upper) from the front view
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transient visual loss, being free from any medication, and having 
no sleep complaints. After being informed about the procedures, 
volunteers underwent a full ophthalmological evaluation either 
between 10:00 and 12:00 am or between 1:00 and 4:00 pm.3 
Those with a best corrected visual acuity of 20/20 in both eyes 
were subjected to further examination for PLR. All volunteers 
completed the evaluation process. 

Temporal Analysis of Pupil Size Changes with Light 
Stimulus

The text files were analyzed in Excel (MS Office) and the 
temporal data were plotted as a function of frame number. Data 
series with zero values or those identified with eye movement 
or with abnormally high or low values were excluded from the 
analysis. Once satisfied with the behavior of the displayed graphs, 
we went back and normalized the pupil size measurements 
frame-by-frame by the baseline recording (averaged over 5 s of 
time duration). That is, all pupil size estimates including the 
baselines were scaled according to the following formula:4

Normalized pupil area (NPA) = (Average baseline - Pupil 
size)/Average baseline x 100.

The resulting NPA readings were equivalent to the percentage 
reduction in pupil size. Normalization also reduced the effect of 
aging on the temporal dynamics of pupil size, according to a 
previous report.5

Next, the time signals were consecutively extracted period 
by period (i.e. over the total duration of 12 consecutive light and 
darkness) and the segments were further averaged temporally to 
obtain a single trace of pupil response profile for each eye. This 
approach eliminated the variation in pupil response with the 
stimulus cycle. The resulting signal profile was described by a set 
of parameters which were then measured from the data gathered 
from all research participants and further analyzed statistically. 

Statistical Analysis
The data included temporal variations of NPA. The periodic 

signals obtained from both right and left eyes under the 
stimulation protocols were investigated for compatibility, 
consistency, and repeatability by intra-class correlation coefficient 
test (single-measurement, absolute-agreement, 2-way mixed 
effects model).6 

Results
Thirty-seven volunteers, 16 females (age: mean 34; min 20 

and max 61 years old) and 21 males (age: mean 36; min 20 and 
max 60 years old), were included in this study. The test runs 
with the stimulation paradigms producing light intensities 
listed in Table 1. The intensity values represent the average 
over 12 periods of dark and light durations. The light levels 
achieved with the paradigms were sufficiently high to induce 
strong pupil responses. Figure 3 shows the representative 
graphs of NPAs as obtained from an examination session with 
the procedures described above. In both eyes, NPAs exhibited 
identical behaviors, indicating the capability of the system to 
promptly follow changes in pupil size in response to the light 
stimulus.

Intra-class correlation coefficient calculations from the first 
and second trials under both paradigms are summarized in Table 
2. Most cases had moderate to excellent repeatability scores 
(87.8% for the 1 second and 86.8% for the 2 second stimulation 
paradigms). These findings confirmed the quality of the match 
between the signal pairs obtained with repetitions.6,7 

Figure 4 shows representative mean traces (average over 12 
cycles) of the pupil response in Figure 3. The corresponding plots 
for each eye also exhibit very close traces. 

Discussion
In spite of commercial availability, there are still attempts to 

build custom-made pupillometers to address specific concerns.7 
Parameters such as initial pupil size and duration/velocity/
latency of pupillary contraction and dilatation are of clinical 
interest as they reflect the functional state of the eye. Classically, 
the V-shaped response was observed with the light stimulus. 
When the light was on, the pupil first contracts and then 
dilates after the light turns off (Figures 3, 4). The temporal 
appearances of PLR traces for the 1 second and 2 second stimulus 

Kıylıoğlu et al, Custom-made Pupillometer

Figure 2. Matlab code for video processing to estimate pupil sizes in both eyes. 
The variables "esik_yansima", "esik_pupilsegment" and ‘alan’ in the program may 
require adjustments based on the purpose of the video analysis in order to improve 
the accuracy of the pupil size estimates
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paradigms were similar to those produced by the commercial 
pupillometers.7 However, while commercial devices typically 
produce data from a single stimulus with a fixed period and duty 
cycle, our system is capable of handling periodic stimulations 
with different periods and duty cycles. The system is also flexible 
in the sense that white diodes can be replaced by those with 
different colors of interest to facilitate PLR studies concerning 
color dependence. Moreover, the continuous stimulation does not 
lead to habituation.

Eye movements (saccades) affect video-based estimates of 
pupil size, especially when a computer screen is used for 
stimulation purposes.8 In our setup, the patient was asked to 
focus on the camera’s shutter during the examination. The 
software monitored the stability of the eye by tracking the center 
of mass of the pupil segment in each frame. Positional shifts 
of more than 10 pixels in length were considered as indicative 
of eye movement. These efforts ensured increased accuracy in 
the pupil capturing area. However, in a very small number 
of cases, data gathering and analysis were limited due to low 
eyelid position, frequent blinking, insufficient data capturing 
of pupil area because of interference with shadow due to light-
dark cycle, and also interference related to make-up in female 
subjects. This is why the total numbers in the frequency column 
of Table 2 do not add up to 74 (37 participants with 2 eyes), 
meaning that it was not feasible to estimate the pupil size even 
after filling the missing data points with zero. Nevertheless, in 
the absence of such issues, the custom-made pupillometer and 
video analysis software platform developed in this study revealed 

moderate to excellent repeatability scores (greater than 85% of 
the people investigated) and its performance was comparable to 
the test-retest repeatability of the previous pupillometer scores.2,7 
Lei et al.7 evaluated the test-retest reliability of hemifield, 
central-field, and full-field chromatic pupillometry. For the 
post-illumination pupil response, they determined intra-class 
correlation coefficients of 0.84 (0.69-0.95) and 0.94 (0.83-0.98) 
at full field stimulation with blue light. Unlike our study, which 
did not assess interobserver variability, Couret et al.2 investigated 
the interobserver variability and reported intra-class correlation 
coefficients of 0.95 and 0.87 for pupil size at both resting and 
after light stimulation, respectively. Our intra-class correlation 
coefficient values were similar, confirming that the pupillometer 
system can be used reliably to evaluate PLR.6 

The potential value of PLR evaluations in normal and 
disease conditions have been investigated in many studies in 
areas such as the autonomic nervous system, cognitive function, 
drug metabolism, pain response, psychology, fatigue, and sleep 

Table 1. Light intensities measured under each light 
stimulation paradigm

Luminance (lux)

Paradigms Baseline Light on Light off

Short (1 s light/1 s dark)
0.26 

31.51 7.39

Long (2 s light/2 s dark) 36.43 2.09

Baseline acquisitions in all cases were 5 s long. The rest of the trials with the two stimulation 
paradigms were 2 min long
s: second

Table 2. Intraclass correlation coefficient values calculated 
from the normalized pupil area signal pairs (first and second 
trials) gathered from all subjects (n=37) for both eyes (74 eyes)

Score Frequency

1 s light/1 s dark
n (%)

2 s light/2 s dark 
n (%)

Excellent (ICC >0.90) 12 (16%) 2 (2.9%)

Good (ICC 0.75-0.90) 25 (33.8%) 38 (55.9%)

Moderate (ICC 0.50-0.75) 27 (37.8%) 19 (28%)

Poor (ICC <0.50) 9 (12.2%) 9 (13.2%)

Total* 63 (100%) 68 (100%)

*Totals do not add up to 74 because sufficient pupil size data could not be obtained in some 
cases ICC: Intraclass correlation coefficient
s: second

Figure 4. Mean response profiles of pupil size to 1 second light/1 s dark (top trace) 
and 2 second light/2 second dark (bottom trace) stimulus durations as encoded by 
the black and gray bars

Figure 3. Temporal profiles of normalized pupil areas in both eyes under the 
stimulation paradigms as encoded by the black and gray bars. The single arrow at 
upper left points to small pupil dilatation when the lights were off and the lower 
twelve arrows point to pupil constrictions when the lights were on 
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disorders.9,10,11,12,13,14,15,16,17,18,19,20 There is a growing interest in 
diagnosis in these areas, and our custom-made pupillometer may 
be useful as an easily-applicable, non-invasive diagnostic tool. 

Study Limitations 
As mentioned earlier, in a few cases there were limitations 

in data gathering and analysis due to low eyelid position, 
frequent blinking, insufficient data capturing due to shadowing, 
and interference related to cosmetics worn by female subjects. 
Extracting data from the videos was also time-consuming. 

Conclusion

Our study demonstrates that our custom-made pupillometer 
and video analysis software platform can be used to reliably 
evaluate PLR. However, further development and implementation 
are needed to potentially turn it into a low-cost alternative.
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 Introduction 

It is well known that vascular endothelial growth factor A 
(VEGF-A) is a main mediator of angiogenesis and increased 
vascular permeability in retinal vascular disorders.1,2,3,4 The 
inhibition of vascular endothelial growth factor (VEGF) has been 
a key point in experimental and clinical studies under research. 
The effectiveness of intravitreal administration of various anti-
VEGF agents is well established in the treatment of macular 
edema of different origins.5 The mechanism of action of these 
drugs when delivered intravitreally is complex and involves the 
blocking of various types of VEGFs, decreased permeability of 
newly formed blood vessel walls, and reduced swelling of the 

retinal layers. In recent years, several reports have demonstrated 
the impact of anti-VEGF drugs upon different cell cultures in 
vitro.6,7,8,9,10,11 Our goal was to investigate the effects of anti-
VEGF drugs on viability, apoptosis, proliferation, and senescence 
in retinal pigment epithelium (RPE) cell culture, which can 
serve as an in vitro model.

In this study, we compared the proliferative and cytotoxic 
effects of aflibercept (0.5 mg/mL), bevacizumab (0.3125 mg/
mL), and ranibizumab (0.125 mg/mL) on RPE cell cultures by 
evaluating viability, apoptosis, proliferation, and senescence in 
control and drug-treated cells after 72 hours.

*Erciyes University Faculty of Medicine, Department of Ophthalmology, Kayseri, Turkey
**Erciyes University Betül-Ziya Eren Genome and Stem Cell Center, Kayseri, Turkey
***Erciyes University Faculty of Dentistry, Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Kayseri, Turkey

Objectives: To assess the effects of anti-vascular endothelial growth factor (VEGF) drugs on retinal pigment epithelium cell culture. 
Materials and Methods: Aflibercept (0.5 mg/mL), bevacizumab (0.3125 mg/mL), and ranibizumab (0.125 mg/mL) were applied 
to retinal pigment epithelium cell cultures isolated from the enucleated eyes of New Zealand white rabbits. Viability, apoptosis, 
proliferation, and senescence of the cells were evaluated in control and drug-treated cultures at the end of 72 hours. 
Results: Cells treated with aflibercept showed increased viability and decreased apoptosis compared to the control culture and both 
the bevacizumab- and ranibizumab-treated groups (p<0.05). Statistically increased apoptosis and decreased viability were found in 
the bevacizumab and ranibizumab-treated groups compared with the control group (p<0.05). There were no statistically significant 
differences in cell proliferation and senescence between the groups (p>0.05).
Conclusion: Anti-VEGF drugs did not affect senescence or proliferation of retinal pigment epithelium cells. Aflibercept was found 
to decrease apoptosis and increase cell viability, while ranibizumab and bevacizumab increased apoptosis and reduced cell viability in 
retinal pigment epithelium culture.
Keywords: Anti-VEGF, cell culture, senescence, retinal pigment epithelial cell
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Materials and Methods

Animals 
Eyes were obtained from 4 New Zealand white rabbits that 

weighed between 1.5 and 2.2 kg. Animal care and surgical 
procedures were attempted in scrupulous agreement with the 
approval of the Ethical Committee of Erciyes University (TTU-
2015-5996). The rabbits were killed by injecting a lethal dose 
of ketamine/xylazine. The globes were enucleated and placed in 
Ca2+ and Mg2+-free phosphate buffered saline augmented with 
penicillin/streptomycin (GIBCO, 15140-0122).

Isolation and Culture of Rabbit Retinal Pigment 
Epithelium

Rabbit RPE cells were isolated and maintained as described 
by Chang et al.12 After incubating the globes with 2% dispase 
for 15 minutes, an incision was made 3 mm from the limbus 
and continued circumferentially. After removal of the cornea and 
lens, 4 radial incisions were made in the posterior segment, and 
this part was incubated in Dulbecco’s modified Eagle’s medium/
Ham’s F12 (DMEM/ F12) medium augmented with 10% fetal 
bovine serum for 2 hours. Finally, the RPE cells were separated 
from the neural retina and choroid as a sheet with micropipettes 
and observed under a stereo microscope (Olympus BX51, Japan). 
Passage 3 cells were used for the study and drugs were applied to 
the cultures 24 hours after fresh cell plating.

Ranibizumab (Lucentis, Novartis, Switzerland), a fragment of 
a human monoclonal antibody against VEGF-A selectively binds 
all isoforms of VEGF-A (VEGF110, VEGF121, and VEGF165), 
was applied at a concentration of 0.125 mg/mL. Bevacizumab 
(Avastin, Genetech/Roche, USA), a monoclonal antibody against 
VEGF which is used off-label to treat various eye diseases, 
was added to the cultures at a concentration of 0.3125 mg/
mL. Aflibercept (Eylea, Bayer Health Care, Germany), a fusion 
protein that binds to circulating VEGF (subtypes VEGF-A 
and VEGF-B) and placental growth factor (PGF), was used at a 
concentration of 0.5 mg/mL. 

Immunocytochemistry Staining
For immunofluorescence staining, the RPE cells were fixed 

with 0.4% paraformaldehyde in PBS and permeabilized with 
0.4% Triton X-100. Bovine serum albumin (10 mg/mL) was 
used as a stabilizing agent for proteins such as antibodies and 
enzymes. The cells were incubated overnight with primary 
antibody (zonula occludens protein 1 [Zo-1] invitrogen, 330100 
and cytokeratin 18 chemicon, MAB3234). Labeled cells were 
detected with secondary antibodies for 1 hour, after each 
incubation, cells were washed with PBS 3-5 times, 5 minute 
each wash and assessed under a fluorescent microscope (Olympus 
BX51, Japan).

MTT Proliferation Analysis
The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) analysis is an established assay for evaluating 
metabolic activity of cells, and can be useful for the measurement 
of cell viability. MTT analysis was accomplished as previously 

reported for determining the metabolic activity of RPE cells.13 
The medium was removed, the cells were washed with PBS, 
1000 mL/well MTT solution was added, and the cells were 
incubated at 37 °C for 1 hour. The formazan crystals were 
dissolved after the administration of DMSO (1000 mL/well). 
Absorption was evaluated by a scanning spectrophotometer 
(Promega Glomax MultiDetection System Plate reader, USA) at 
560 nm. The procedures were carried out 3 times. Treatment-
naive RPE of the same passage served as the control.

Senescence-associated β-galactosidase Activity
The percentage of RPE cells for positive senescence-associated 

(SA) β-galactosidase activity was detected as previously reported 
by Dimri et al.14 Concisely, treated RPE cells were washed 
twice with PBS and fixed with 2% formaldehyde and 0.2% 
glutaraldehyde in PBS (pH 6.0) at room temperature for 4 
min. The cells were then washed twice with PBS and incubated 
for 8 hours at 37°C with freshly prepared SA β-galactosidase 
staining solution in darkness. Finally, SA β-galactosidase staining 
solution was eliminated, cells were washed with PBS, and the 
development of blueish color was visualized by light microscope. 

Detection of Apoptosis
The level of apoptosis was determined on the same cultures in 

which the cellular vital indices were analyzed. Apoptotic cells were 
identified by Muse™ Annexin V&Dead Cell Kit MCH100105 
according to the manufacturer’s protocol. The cells were first 
washed in PBS and then detached for 10 minutes in trypsin and 
suspended again in PBS. Finally, the cells were centrifuged (1400 
rpm, 5 minute) and resuspended in propidiumiodide (1 g/mL). 
The level of apoptosis was determined according to the number of 
apoptotic cells in pre-G1 phase using flow cytometry (Millipore 
Muse® Cell Analyzer, Germany).

Statistical Analysis 
SPSS version 22.0 for Windows (Chicago, IL, USA) was 

used for statistical analysis. Descriptive data were presented 
as mean and standard deviation and percentages. Results were 
statistically analyzed by one-way ANOVA. P-values <0.05 were 
considered significant. All procedures were carried out 3 times. 

Results

Evaluation of Retinal Pigment Epithelium Cell 
Morphology

In comparison of phase-contrast appearance of RPE culture 
cells 72 hours after supplementation with aflibercept (0.5 mg/
mL), bevacizumab (0.3125 mg/mL), and ranibizumab (0.125 
mg/mL), and control culture, phase contrast images showed no 
morphological changes in the RPE culture cells with any drug 
and RPE cells maintained their hexagonal morphology (Figure 1).

Expression of Cytokeratin 18 and Zonula Occludens 
Protein 1 

Immunocytochemistry images demonstrated expression of 
intermediate protein cytokeratin 18 (Figure 2A) and tight 
junction protein ZO-l (Figure 2B) in the RPE sheets. 
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Effect of Anti-Vascular Endothelial Growth Factor 
Agents on Cell Viability

We attempted to assess if the 3 anti-VEGF drugs caused 
cytotoxic effects at the end of 72 hours. RPE cells were 
cultured until they reached 90% confluency and cytotoxicity 
was evaluated by MTT assay. There was significantly increased 
viability of the cells in the aflibercept-treated culture versus 
control culture (p=0.002) (Figure 3A). Statistically decreased 
viability was found in the bevacizumab and ranibizumab-
treated groups versus control culture (p=0.003 and p=0.0001, 
respectively) (Figure 3A).

Proliferation and Apoptosis of Retinal Pigment 
Epithelium Cells

Incubation for 72 hours with aflibercept (0.5 mg/mL), 
bevacizumab (0.3125 mg/mL), and ranibizumab (0.125 mg/mL) 
did not significantly affect cell proliferation when compared to 
control cell cultures (Figure 3B).

Apoptosis rates were significantly higher in the cultures 
treated with bevacizumab (0.3125 mg/mL) and ranibizumab 
(0.125 mg/mL) compared to the control group (p=0.001 and 
p=0.0001, respectively). There was a statistically significant 
decrease in the apoptosis of cells treated with aflibercept versus 
the control group (p=0.001) (Figure 3C).

Senescence-associated β-galactosidase Activity
There was no statistically significant difference between the 

3 anti-VEGF drugs at the end of 72 hours when evaluating their 
effects on cell senescence (p>0.05) (Figure 3D).

Discussion

This is the first study in the literature to assess the senescence 
effects of anti-VEGF drugs and to identify that these agents do 
not seem to have a significant effect on the senescence of RPE 
cells in vitro. In addition, we have showed that RPE morphology 
and proliferation are also not affected by the anti-VEGF drugs 
most commonly used in retinal diseases. However, aflibercept 
increased viability and decreased apoptosis, while bevacizumab 
and ranibizumab had the opposite effect. 

Intravitreal injection has become a widely used delivery 
route of various therapeutic agents for the treatment of 
vasoproliferative ocular diseases.15 Current anti-VEGF therapies 
delivered intravitreally include ranibizumab and aflibercept, 
as well as off-label bevacizumab. A main functional difference 
between aflibercept and other anti-VEGF agents is blockage of 
VEGF-B, PGF1, and PGF-2 in addition to VEGF-A isoforms. 
To best of our knowledge there are limited in vitro studies in 

Figure 1. Comparison of phase-contrast microscopic appearance of 3 anti-vascular 
endothelial growth factor drugs and control culture showed no morphological 
changes of the retinal pigment epithelium (RPE) cell culture with any drug, and 
RPE cells maintain the hexagonal morphology at the end of 72 hours in the (A) 
control, (B) aflibercept (0.5 mg/mL), (C) bevacizumab (0.3125 mg/mL), and (D) 
ranibizumab (0.125 mg/mL) groups

Figure 2. Immunocytochemistry staining of retinal pigment epithelium cell 
culture demonstrates expression of cytokeratin 18 (A) and tight junction protein 
zonula occludens protein 1 (B)

Figure 3. Bar graphs representing cell viability (A), cell proliferation (B), apoptosis 
(C), and senescence (D) in retinal pigment epithelium cell cultures 72 h after 
supplementation with aflibercept (0.5 mg/mL), bevacizumab (0.3125 mg/mL), 
and ranibizumab (0.125 mg/mL). A) Bevacizumab and ranibizumab decreased cell 
viability while aflibercept increased cell viability compared to the control group; 
B) None of the anti-vascular endothelial growth factor (VEGF) drugs showed a 
significant negative effect on cell proliferation; C) Bevacizumab and ranibizumab 
increased apoptosis while aflibercept significantly decreased apoptosis compared 
to the control group; D) None of the anti-VEGF drugs showed a significant effect 
on senescence
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the literature evaluating the safety and efficacy of ranibizumab, 
aflibercept, and bevacizumab. In the present study, aflibercept 
was found to decrease apoptosis and increase cell viability. 
In contrast, ranibizumab and bevacizumab were observed to 
increase apoptosis and reduce cell viability in RPE cultures. 
Retinal pigment epithelium-derived VEGF is a vital mediator 
for support of the choriocapillaris. Several clinical studies have 
shown a correlation between subfoveal choroidal thickness 
and RPE atrophy progression, which suggested that decreased 
blood supply might promote RPE atrophy during anti-VEGF 
treatment.16,17 We also noticed that most of the experimental 
studies on the adverse effects of the anti-VEGF drugs were 
carried out on RPE cell linings with intact choriocapillaris. Our 
study is performed on an isolated RPE cell line and may be able 
to show the direct toxic effects of anti-VEGF drugs on RPE. 
In a study performed on newborn rabbits, Cam et al.18 showed 
that at 3 weeks after injection, all anti-VEGF drugs caused low 
levels of serum anti-VEGF concentrations and induced apoptosis 
as determined with apoptotic index, which was described as 
the percentage of apoptotic TdT-mediated dUTP-digoxigenin 
nick end labeling (TUNEL) positive cells of tissues. Malik et 
al.19 also studied the safety profiles of various concentrations 
of anti-VEGF drugs on human RPE cells. They reported that 
while ranibizumab and aflibercept did not cause mitochondrial 
toxicity or cell death, bevacizumab and aflibercept revealed 
mild mitochondrial toxicity, though they also did not cause 
significant cell death at clinical doses. However, in our study 
all of the drugs caused a significant difference in cell viability. 
Malik et al.19 treated the culture media with anti-VEGF 
drugs at concentrations they considered to be the clinical dose, 
assuming the amount of intravitreal injected drug spreads 
equally throughout the 4 mL human vitreous and modifying the 
doses accordingly. No such modification was performed in our 
study, which is a limitation of our study and could explain our 
conflicting results. 

In our study, anti-VEGF drugs had no effect on the 
senescence or proliferation of RPE cells at after 72 hours. 
Cellular senescence is a program activated by normal cells 
in reaction to various stress factors such as oxidative stress, 
DNA damage, oncogene activity, and inadequate culturing 
conditions.20,21 Conventionally, when cells enter senescence they 
exhibit substantial morphological changes. The cells spread 
out and flatten, which is usually followed by increasing SA 
β-galactosidase activity.14 To best of our knowledge there are no 
studies evaluating the effects of anti-VEGF drugs on senescence 
in the current literature. Our data showed that none of the anti-
VEGF drugs affected senescence in RPE cells at the end of the 
72 hours. Recently, Zhuge et al.22 reported that fullerenol, an 
effective free radical scavenger and antioxidant, could salvage 
RPE cells from oxidative stress-induced senescence due to its 
antioxidant effect. They suggested that the protective effect 
of fullerenol is crucial for the development of new treatment 
strategies in oxidative stress-associated retinal disorders such as 
age-related macular degeneration (AMD). In addition, Kernt et 
al.23 investigated the antiapoptotic and cytoprotective effects of 

idebenone, a benzoquinone derivative that is structurally related 
to ubiquinone (coenzyme Q10), on optic nerve head astrocytes 
(ONHA) under oxidative stress. They concluded that idebenone 
reduced senescence, oxidative stress, and apoptotic cell death in 
cultured ONHA in vitro. One of the limitations of our study is 
that we studied the effects of drugs in healthy retinas, not under 
the drugs’ indicated disease states such as AMD, which would 
have already had oxidative stress and changes in RPE senescence. 
Therefore, we do not know the senescence effects of the drugs in 
already oxidative stress-induced conditions. 

Recently, Spitzer et al.8 compared the antiproliferative and 
cytotoxic effects of bevacizumab, pegaptanib, and ranibizumab 
on different ocular cells. When applied to choroidal epithelial 
cells, they observed reductions in cell proliferation of 44.1% with 
ranibizumab versus 38.2% and 35.1% with bevacizumab and 
pegaptanib, respectively, although the difference between them 
was not statistically significant. They reported that bevacizumab, 
pegaptanib, and ranibizumab significantly suppressed choroidal 
endothelial cell proliferation and concluded that when used at 
the currently established doses, none of the drugs was superior 
over the others in respect to endothelial cell growth inhibition. 
Our study showed no difference in the proliferation rate of the 
RPE line in the treated groups compared to controls.

Another study compared the effects of ranibizumab, 
pegaptanib, and bevacizumab at intravitreal dose range on 
human umbilical vein endothelial cells (HUVEC).10 The results 
indicated that ranibizumab and bevacizumab significantly 
increased apoptosis of HUVEC, similar to our results in RPE 
cells. Clinically applied doses of these drugs, but not pegaptanib, 
caused significantly reduced cellular proliferation without 
causing cytotoxic effects at all concentrations used. In addition, 
the active form of VEGF receptor-2 expression was decreased 
relative to controls after incubation with bevacizumab (to 66% 
of control values), ranibizumab (78%), and pegaptanib (86%).

Schnichels et al.11 investigated the cytotoxicity and 
antiproliferative activity of aflibercept, bevacizumab, and 
ranibizumab on different ocular cells (ARPE19, RGC-5, and 
661W) and concluded that aflibercept does not cause changes 
in cell morphology, induce apoptosis, or permanently decrease 
cell viability, cell density, or proliferation in any cell line or 
concentration investigated. In addition, aflibercept slightly 
upregulated or downregulated certain VEGF-related factors, but 
the changes were not significant when compared to bevacizumab 
and ranibizumab. The ARPE19 cell line was derived from 
human RPE in their study, whereas ours was derived from 
rabbits. VEGF-TrapR1R2 (aflibercept) is composed of entirely 
human sequences and was constructed to bind human VEGF 
isoforms.24 Holash et al.24 stated that despite its wholly human 
nature, VEGF-TrapR1R2 binds all species of VEGF tested, from 
human to chicken VEGF, yet in their study the experiments 
were shown on mouse, rat, and humans. The conflicting results 
obtained in our study and that of Schnichels et al.11 may be 
attributable to different responses shown by the cell lines of 
different origin used in the studies. 
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It is known that most eyes with AMD require long-term 
anti-VEGF treatment, and it is the constant neutralization of 
VEGF, which is crucial for ocular homeostasis, that may lead to 
adverse effects.25 

Study Limitations
One of the limitations of our study is that anti-VEGF drugs 

are used repeatedly, most commonly administered as 3 monthly 
loading doses followed by repeated injections monthly or pro 
re nata (as needed) thereafter. In contrast, our study represents 
results after a single injection, and longitudinal studies showing 
the effects of more and repeated injections as in real life should 
be planned. 

Conclusion

In conclusion, our study reveals that anti-VEGF drugs had no 
effects on senescence and proliferation of RPE cells. Aflibercept 
was found to decrease apoptosis and increase cell viability. 
In contrast, ranibizumab and bevacizumab were observed to 
increase apoptosis and reduce RPE cell viability. In the literature, 
there are no studies evaluating the effects of anti-VEGF drugs on 
senescence. We believe that our study will guide future research 
in this respect and experimental and preclinical studies will be 
needed to confirm our in vitro findings.
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What is Optical Coherence Tomography Angiography?
Optical coherence tomography angiography (OCTA) 

comprises various OCT-based technologies.1 These methods 
all offer noninvasive assessment of perfusion in various retinal 
layers separately, or allow assessment of iris and corneal 
neovascularization and filtering bleb vascularity. Various 
instrument families from different manufacturers (e.g. Optovue, 
Zeiss, Heidelberg, Topcon, Nidek and Canon) are currently used 
in clinical practice. All of these systems offer perfusion images 
but currently not all instrument and software versions provide 
objective measurements. It is important to note that due to the 
technical differences, conversion of the parameters and measured 
values between the different instrument systems is not possible. 

This review and the presented images are based on the most 
commonly used OCTA system, the Angiovue OCT (Optovue 
Inc., Fremont, CA, USA), but the main findings are also valid 
for most other OCTA instruments. In the Angiovue OCT, the 
measurement principle is based on split spectrum amplitude 
decorrelation algorithm (SSADA).1 This algorithm detects red 
blood cell movement independently from the direction of 

movement. At the same time, all static (structural) information 
is removed by the software. Thus, in contrast to fluorescein 
angiography, data in OCTA are derived from the red blood cells 
rather than plasma. It is important to note that “nonperfusion” in 
OCTA does not necessarily mean missing or obstructed vessels, 
or lack of capillary plasma perfusion; it simply means that at 
the time of image acquisition, no moving red blood cells were 
present in the “nonperfused” areas. For both research purposes 
and glaucoma practice, the most informative parameters are 
peripapillary vessel density (angioflow vessel density) in the 
peripapillary retinal nerve fiber layer (RNFL) (Figures 1 and 2) 
and superficial perifoveal vessel density in the macula (Figure 
3).1 Vessel density is the perfused area expressed as a percentage 
of the total examined area or its predefined sectors within a 
retinal layer of interest.1,2 OCTA of the disc area is technically 
available in most systems, but the presence of the large vessels 
and the variability and complexity of the three-dimensional 
optic nerve head structure make the measured results difficult 
to interpret. In order to correctly interpret the results, both the 
OCTA image and the corresponding structural image (en face 
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OCT image) need to be used (Figures 1 and 2).3,4 In the most 
advanced systems, capillary vessel density and all-vessel density 
are measured separately for each retinal layer.5,6

Are Optical Coherence Tomography Angiography 
Measurements Reliable?

Retinal perfusion is autoregulated, but vascular dysfunction 
is common in open-angle glaucoma.7 In addition, systemic 
blood pressure and other systemic parameters may vary between 
visits, as is commonly seen in the elderly glaucoma population. 
Therefore, short-term repeatability and long-term reproducibility 
of vessel density measurements in the peripapillary RNFL and 
the superficial perifoveal macular layer were investigated by 
several groups.3,8,9 In general, both parameter types show high 
repeatability and long-term reproducibility in both normal 
and glaucomatous eyes when the image quality is high. In 
our reproducibility study, the long-term reproducibility of 
peripapillary vessel density measurements was less than 4%,3 
and in another study the between-visit reproducibility of 
superficial perifoveal macular vessel density was less than 9%.9 
We and others have also shown that long-term reproducibility 
of peripapillary vessel density measurements is independent of 
RNFL thickness, thus the reproducibility is similar in healthy, 
early and advanced glaucomatous eyes.3,8 Another important 
question is whether peripapillary vessel density values reflect the 
perfusion of the peripapillary RNFL thickness. We and others 
have consistently found a strong relationship between vessel 
density and glaucomatous damage through the spectrum of 
glaucoma disease severity.3,10,11

Can Vessel Density Measurements Be Used to Diagnose 
Glaucoma?

For some instrument and software types, differentiation 
of open-angle glaucoma and normal eyes using peripapillary 
vessel density or superficial perifoveal macular vessel density 
measurements is similar to of even better than that with RNFL 
thickness.12 However, the accuracy of the different instrument 
systems seems to vary considerably.12,13,14,15,16,17 Currently no 
head-to-head comparison study is available. Using the Angiovue 
OCT system, discrimination between perimetric open-angle 
glaucoma eyes and normal eyes was stronger with peripapillary 
vessel density than RNFL thickness,12 but the opposite was 
found for distinguishing angle-closure glaucoma eyes from 
normal eyes.15 Together with other results shown later in this 
review, this result suggests that for open-angle glaucoma, in 
which vascular dysregulation frequently plays a role in the 
development of the disease, vessel density measurements may 
offer advantages in early diagnosis; in contrast, in angle closure 

Gábor Holló, Optical Coherence Tomography Angiography in Glaucoma

This image and permission for use were obtained from Gábor Holló’s archive. All rights belong to Gábor 
Holló.

Figure 1. Peripapillary optical coherence tomography angiography (OCTA) report 
of a healthy eye with the Optovue OCTA system. A) Scanning laser ophthalmoscopy 
image of the measurement area; B) Vitreous-retinal perfusion map. C) Perfusion 
map in the radial peripapillary capillaries layer which corresponds to the retinal 
nerve fiber layer. D) Perfusion map in the choroid level. E) Optic nerve head and 
retinal nerve fiber layer thickness measurement results. F) Color-coded retinal nerve 
fiber layer thickness image. G) Color-coded vessel density map and its sectors in the 
radial peripapillary capillaries layer. H) Capillary and all-vessels density values for 
various sectors of the peripapillary area in the radial peripapillary capillaries layer
RNFL: Retinal nerve fiber layer, OD: Right eye, ILM: Internal limiting membrane, NFL: 
Nerve fiber layer

This image and permission for use were obtained from Gábor Holló’s archive. All rights belong to Gábor 
Holló.

Figure 2. Peripapillary optical coherence tomography angiography report of an 
eye with advanced glaucomatous damage
RNFL: Retinal nerve fiber layer, OS: Left eye, ILM: Internal limiting membrane

This image and permission for use were obtained from Gábor Holló’s archive. All rights belong to Gábor 
Holló.

Figure 3. Superficial perifoveal macular vessel density and the corresponding 
macular inner retina thickness and retinal nerve fiber layer thickness in a healthy eye 
(A to D) and in an advanced glaucoma eye (E to H). A and E: Color coded perfusion 
maps, B and F: Vessel density measurement values, C and G: Macular inner retina 
thickness maps, D and H: Retinal nerve fiber layer thickness maps
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glaucoma, in which intraocular pressure elevation has a major 
or exclusive pathophysiological role, the structural parameters 
perform better. 

It was shown that localized RNFL bundle defects are 
spatially associated with localized peripapillary vessel density 
reductions (Figure 4), even in early and preperimetric open-angle 
glaucoma.4 Strong spatial correspondence between peripapillary 
vessel density reduction and deep lamina cribrosa defects was 
also confirmed.18

Structure-function Relationship with Optical Coherence 
Tomography Angiography

In OCTA, the “structure-function relationship” is in fact 
a “function-function relationship” in which localized and 
generalized OCTA parameters are related to the spatially 
corresponding visual field sensitivity or damage values. However, 
the most interesting part of these investigations is when 
structural parameters (RNFL thickness, sector RNFL thickness, 
inner macular retina thickness and its hemifields) are also 
included in the analysis. In general, for both the Humphrey 
and Octopus perimetry systems a strong negative relationship 
was found between peripapillary, whole image, and macular 
vessel density parameters and the corresponding visual field 
deterioration.19,20,21 It is even more interesting that in primary 
open-angle glaucoma, the relationship is particularly strong for 
superotemporal and inferotemporal peripaillary vessel density 
and the spatially corresponding visual field sectors, and this 
relationship can be significantly stronger than that seen for the 
spatially corresponding sector RNFL thickness value.19,20 These 
results support the pathophysiological hypothesis which suggests 
a causative role of vascular dysregulation in the development and 
progression of primary open-angle glaucoma, particularly in the 
inferotemporal and superotemporal peripapillary areas, where 
glaucomatous RNFL loss appears early and progresses rapidly.7 

It is also interesting that a strong relationship was found 
between mean paracentral visual field defect values in Octopus 
perimetry and temporal peripapillary vessel density values.22 The 
temporal peripapillary area (the papillomacular RNFL bundle) 
has been considered a particularly stable sector of the RNFL 
which does not thin until the latest stages of glaucoma. However, 
the perfusion-function relationship suggests that some mild 
vascular dysfunction or damage may start in the papillomacular 

area much earlier than previously thought. Recently a similar 
relationship was published for superficial perifoveal macular 
vessel density and mean sensitivity of the central 10-degree 
visual field in Humphrey perimetry,23 and correspondence was 
found between the presence of central visual field defects and 
increased size of the foveal avascular zone in glaucoma.24

Myopia and Peripapillary Vessel Density
Since RNFL thickness measurements are influenced by 

myopia and atypical optic nerve head morphology, it was 
important to investigate the clinical applicability of vessel 
density measurements in myopic eyes.25,26,27 Few studies to date 
have addressed this problem. In glaucoma with high myopia, 
the regional relationship of visual field and peripapillary vessel 
density is significantly greater than that with the corresponding 
RNFL thickness.25 In myopia without glaucoma, peripapillary 
vessel density is lower than in normal eyes, and in myopic 
glaucoma it is even more reduced.26 Similarly to RNLF thickness, 
perifoveal perfusion is altered in myopia with disc torsion.27 
Thus, in myopic glaucoma we cannot expect considerably better 
diagnostic accuracy from OCTA than from structural OCT 
parameters.

Image Quality and Artifacts in Optical Coherence 
Tomography Angiography

Similar to structural OCT measurements, OCTA is seriously 
influenced by image artifacts, most commonly vitreous floaters. 
Collagen opacities, which are common in glaucoma,28 may cause 
shadow effect by blocking the return of the illumination light 
from the retina.29 The shadow effect results in an OCT image and 
vessel density values which falsely imitate reduced or missing 
perfusion (Figure 5). Other artifacts known in structural OCT 
imaging may also have a significant impact on OCTA image 
quality and the measured values.29,30

Can Optical Coherence Tomography Angiography Be 
Used to Distinguish Glaucoma from Other Optic Nerve 
Diseases?

The peripapillary OCTA alterations are unfortunately not 
disease-specific. Reduction of perfusion is determined by disease 
severity rather than disease type.30 Figure 6 illustrates how 
different optic nerve head diseases appear very similar in OCTA 
images. Thus, detailed evaluation of the optic nerve head and 
peripapillary retina remains mandatory for disease classification 
even in the age of modern OCTA technology.

Influence of Intraocular Pressure on Measured Vessel 
Density Values

The potential relationship between intraocular pressure 
or intraocular pressure reduction and peripapillary perfusion 
has been an important question in glaucoma management 
for decades. The structural parameters (RNFL thickness and 
inner macular retina thickness) do not react in an active way to 
pressure-lowering treatment. In a proof-of-concept investigation 
conducted on systemically healthy, young, and newly diagnosed 
open-angle glaucoma and ocular hypertensive patients whose 
untreated intraocular pressure was high but decreased by at 

This image and permission for use were obtained from Gábor Holló’s archive. All rights belong to Gábor 
Holló.

Figure 4. A localized retinal nerve fiber bundle defect and the spatially 
corresponding localized peripapillary vessel density reduction (arrows) in glaucoma
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least 50% to 18 mmHg or less under treatment, we found a 
clinically very significant improvement in the initially reduced 
peripapillary vessel density (Figure 7).31 Later other investigators 
using other OCTA systems and intraocular pressure-lowering 
interventions confirmed our results.32,33 The results achieved 
with intraocular pressure reduction suggest that in relatively 
early glaucoma, the change of vessel density may potentially 
be used for early assessment of the interventions’ long-term 
beneficial effect on visual field preservation.

Can We Use Vessel Density for the Measurement of 
Glaucomatous Progression?

The current standard of detection and measurement of 
glaucomatous progression is serial visual field testing and 
software-based visual field progression analysis. However, 
structural OCT parameters (RNFL thickness, inner macular 
retina thickness) have also been investigated for their 
applicability for the measurement of glaucomatous progression. 
Recently, structural progression measurements became a part 
of modern glaucoma care and progression analysis. In some of 
our latest studies we prospectively investigated early (2-year) 
glaucomatous progression with peripapillary vessel density 
and RNFL thickness measurements.34,35 Progression was better 
detected with RNFL thickness progression analysis. Statistically 
significant peripapillary capillary vessel density progression was 
found in 17% of the study eyes, and half of the progressing 
cases also showed significant and spatially corresponding RNFL 
thickness progression.35 It is important to note that in contrast 
to structural OCT parameters, which are not under physiological 
regulation, vessel density reflects intraocular pressure changes, 
status of systemic perfusion, glaucomatous vascular dysregulation, 
retinal oxygenation, and hypercapnia. Thus, vessel density is less 
stable than RNFL thickness. Therefore, we cannot expect to see 
an easy-to-understand vessel density progression pattern when 
the gradual glaucoma-related perfusion changes are small, or 
smaller than the fluctuations induced by factors which are not 
related to glaucomatous progression.

In another recent investigation, we evaluated the potential 
influence of breath holding on vessel density measurements 
using a standardized and extreme form of breath holding, the 
Valsalva maneuver.36 Breath holding and the Valsalva maneuver 
do influence retinal perfusion. Due to the increased intrathoracic 
pressure, the venous outflow from the eye decreases and as a 
consequence, retinal perfusion is temporally reduced. Since vessel 
density measurements are time-consuming (image acquisition 
for peripapillary measurements may take up to 16 seconds), 
the reduction of capillary perfusion in the RNFL needs to be 

This image and permission for use were obtained from Gábor Holló’s archive. All rights belong to Gábor 
Holló.

Figure 7. Influence of large intraocular pressure reduction on peripapillary 
vessel density in ocular hypertension. A) Untreated eye with high intraocular 
pressure. B) The same eye one month later under combined intraocular pressure-
lowering medication and with more than 50% intraocular pressure reduction. The 
peripapillary vessel density map shows a clear increase in capillary perfusion

This image and permission for use were obtained from Gábor Holló’s archive. All rights belong to Gábor 
Holló.

Figure 6. Color-coded peripapillary optical coherence tomography angiography 
images of four eyes with four different optic nerve head diseases. A) Compression 
due to optic nerve head drusen, B) Retinal vein occlusion earlier in life, C) Chronic 
non-arteritic anterior ischemic optic neuropathy, D) Advanced glaucoma

This image and permission for use were obtained from Gábor Holló’s archive. All rights belong to Gábor 
Holló.

Figure 5. Influence of a vitreous floater (encircled with a red ellipse) on the 
peripapillary optical coherence tomography angiography measurement
RNFL: Retinal nerve fiber layer, OD: Right eye, ILM: Internal limiting membrane, NFL: 
Nerve fiber layer
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considered. Our results, however, clearly showed that the Valsalva 
maneuver does not influence the measured peripapillary vessel 
density values with the Optovue OCTA system. This result does 
not mean that breath holding has no influence on ocular blood 
flow, but it clearly shows that with the SSADA software, slowing 
the movement of red blood cells does not influence the measured 
vessel density as long as the red blood cells keep moving in the 
capillaries of the peripapillary RNFL. 

Future of Optical Coherence Tomography Angiography 
in the Management of Glaucoma

OCTA appeared in clinical glaucoma research and practice 
four years ago, and software development is rapid. Results 
achieved with one software or hardware version may not be 
valid for the newer versions, which are usually superior to the 
previous ones. Thus, currently no final decision can be made on 
the various OCTA parameters’ usefulness for the measurement of 
glaucomatous progression or conversion of ocular hypertension 
to glaucoma, their diagnostic value in preperimetric glaucoma, 
or their utility as indicators of visual field preservation after 
intraocular pressure-lowering interventions. These limitations, 
however, are temporary. In the coming years, OCTA will 
remain one of the most exciting clinical research areas, which 
deserves attention from both glaucoma specialists and general 
ophthalmologists treating glaucoma patients.  

Ethics
Peer-review: Internally peer-reviewed.
Financial Disclosure: The author declared that this study 

received no financial support.
Note: All figures within the article are taken from the archive 

of Gábor Holló. All rights of usage are belong to Gábor Holló.

References
1. Tan ACS, Tan GS, Denniston AK, Keane PA, Ang M, Milea D, Chakravarthy 

U, Cheung CMG. An overview of the clinical applications of optical coherence 
tomography angiography. Eye (Lond). 2018;32:262-286.

2. Jia Y, Morrison JC, Tokayer J, Tan O, Lombardi L, Baumann B, Lu CD, Choi 
W, Fujimoto JG, Huang D. Quantitative OCT angiography of optic nerve 
head blood flow. Biomed Opt Express. 2012,3:3127-3137.

3. Holló G. Intrasession and between visit variability of sector peripapillary 
angioflow vessel density values measured with the Angiovue optical coherence 
tomograph in different retinal layers in ocular hypertension and glaucoma. 
PLoS ONE. 2016;11:e0161631. 

4. Holló G. Vessel density calculated from OCT angiography in 3 peripapillary 
sectors in normal, ocular hypertensive and glaucoma eyes. Eur J Ophthalmol. 
2016;26:42-45.

5. Holló G. Valsalva maneuver and peripapillary OCT angiography vessel 
density. J Glaucoma. 2018;27:133-136.

6. Holló G. Influence of removing the large retinal vessels-related effect on 
peripapillary vessel density progression analysis in glaucoma. J Glaucoma. 
2018;27:137-139.

7. Grieshaber MC, Mozaffarieh M, Flammer J. What is the link between vascular 
dysregulation and glaucoma? Surv Ophthalmol. 2007;52(Suppl 2):144-154.

8. Venugopal JP, Rao HL, Weinreb RN, Pradhan ZS, Dasari S, Riyazuddin M, 
Puttiah NK, Rao DAS, Devi S, Mansouri K, Webers CA. Repeatability of 
vessel density measurements of optical coherence tomography angiography in 
normal and glaucoma eyes. Br J Ophthalmol. 2018;102:352-357.

9. Manalastas PIC, Zangwill LM, Saunders LJ, Mansouri K, Belghith A, Suh 
MH, Yarmohammadi A, Penteado RC, Akagi T, Shoji T, Weinreb RN. 

Reproducibility of optical coherence tomography angiography macular and 
optic nerve head vascular density in glaucoma and healthy eyes. J Glaucoma. 
2017;26:851-859.

10. Geyman LS, Garg RA, Suwan Y, Trivedi V, Krawitz BD, Mo S, Pinhas A, 
Tantraworasin A, Chui TYP, Ritch R, Rosen RB. Peripapillary perfused 
capillary density in primary open-angle glaucoma across disease stage: 
an optical coherence tomography angiography study. Br J Ophthalmol. 
2017;101:1261-1268.

11. Lommatzsch C, Rothaus K, Koch JM, Heinz C, Grisanti S. OCTA vessel 
density changes in the macular zone in glaucomatous eyes. Graefes Arch Clin 
Exp Ophthalmol. 2018;256:1499-1508.

12. Yarmohammadi A, Zangwill LM, Diniz-Filho A, Suh MH, Manalastas 
PI, Fatehee N, Yousefi S, Beghiht A, Saunders LJ, Medeiros FA, Huang D, 
Weinreb RN. Optical coherence tomography angiography vessel density in 
healthy, glaucoma suspect, and glaucoma eyes. Invest Ophthalmol Vis Sci. 
2016;57:451-459.

13. Rao HL, Kadambi SV, Weinreb RN, Puttaiah NK, Pradhan ZS, Rao DAS, 
Kumar RS, Webers CAB, Shetty R. Diagnostic ability of peripapillary 
vessel density measurements of optical coherence tomography angiography 
in primary open-angle and angle-closure glaucoma. Br J Ophthalmol. 
2017;101:1066-1070.

14. Rao HL, Dasari S, Riyazuddin M, Puttaiah NK, Pradhan ZS, Weinreb 
RN, Mansouri K, Webers CAB. Diagnostic ability and structure-function 
relationship of peripapillary optical microangiography measurements in 
glaucoma. J Glaucoma. 2018;27:219-226.

15. Rao HL, Pradhan ZS, Weinreb RN, Riyazuddin M, Dasari S, Venugopal JP, 
Puttaiah NK, Rao DAS, Devi S, Mansouri K, Webers CAB. Vessel density 
and structural measurements of optical coherence tomography in primary 
angle closure and primary angle closure glaucoma. Am J Ophthalmol. 
2017;177:106-115.

16. Wan KH, Lam AKN, Leung CK. Optical coherence tomography angiography 
compared with optical coherence tomography macular measurements for 
detection of glaucoma. JAMA Ophthalmol. 2018;136:866-874. 

17. Richter GM, Madi I, Chu Z, Burkemper B, Chang R, Zaman A, Sylvester 
B, Reznik A, Kashani A, Wang RK, Varma R. Structural and functional 
associations of macular microcirculation in the ganglion cell-inner plexiform 
layer in glaucoma using optical coherence tomography angiography. J 
Glaucoma. 2018;27:281-290.

18. Suh MH, Zangwill LM, Manalastas PI, Belghith A, Yarmohammadi A, 
Medeiros FA, Diniz-Filho A, Saunders LJ, Yousefi S, Weinreb RN. Optical 
coherence tomography angiography vessel density in glaucomatous eyes with 
focal lamina cribrosa defects. Ophthalmology. 2016;123:2309-2317.

19. Holló G. Relationship between optical coherence tomography sector 
peripapillary angioflow-density and Octopus visual field cluster mean defect 
values. PLoS One. 2017;12:e0171541.

20. Rao HL, Pradhan ZS, Weinreb RN, Dasari S, Riyazuddin M, Raveendran S, 
Puttaiah NK, Venugopal JP, Rao DAS, Devi S, Mansouri K, Webers CAB. 
Relationship of optic nerve structure and function to peripapillary vessel 
density measurements of optical coherence tomography angiography in 
glaucoma. J Glaucoma. 2017;26:548-554.

21. Yarmohammadi A, Zangwill LM, Diniz-Filho A, Suh MH, Yousefi S, 
Saunders LJ, Belghith A, Manalastas PI, Medeiros FA, Weinreb RN. 
Relationship between optical coherence tomography angiography vessel 
density and severity of visual field loss in glaucoma. Ophthalmology. 
2016;123:2498-2508.

22. Holló G. Relationship between OCT angiography temporal peripapillary 
vessel-density and Octopus perimeter paracentral cluster mean defect. J 
Glaucoma 2017;26:397-402.

23. Penteado RC, Zangwill LM, Daga FB, Saunders LJ, Manalastas PIC, Shoji 
T, Akagi T, Christopher M, Yarmohammadi A, Moghimi S, Weinreb 
RN. Optical coherence tomography angiography macular vascular density 
measurements and the central 10-2 visual field in glaucoma. J Glaucoma. 
2018;27:481-489.

24. Kwon J, Choi J, Shin JW, Lee J, Kook MS. Alterations of the foveal avascular 
zone measured by optical coherence tomography angiography in glaucoma 



201

Gábor Holló, Optical Coherence Tomography Angiography in Glaucoma

patients with central visual field defects. Invest Ophthalmol Vis Sci. 
2017;58:1637-1645.

25. Shin JW, Kwon J, Lee J, Kook MS. Relationship between vessel density 
and visual field sensitivity in glaucomatous eyes with high myopia. Br J 
Ophthalmol. 2018.

26. Suwan Y, Fard MA, Geyman LS, Tantraworasin A, Chui TY, Rosen RB, Ritch 
R. Association of myopia with peripapillary perfused capillary density in 
patients with glaucoma: an optical coherence tomography angiography study. 
JAMA Ophthalmol. 2018;136:507-513.

27. Sung MS, Lee TH, Heo H, Park SW. Association between optic nerve head 
deformation and retinal microvasculature in high myopia. Am J Ophthalmol. 
2018;188:81-90.

28. Schwab C, Glatz W, Schmidt B, Lindner E, Oettl K, Riedl R, Wedrich 
A, Ivastinovic D, Velikay-Parel M, Mossboeck G. Prevalence of posterior 
vitreous detachment in glaucoma patients and controls. Acta Ophthalmol. 
2017;95:276-280.

29. Ghasemi Falavarjani K, Al-Sheikh M, Akil H, Sadda SR. Image artefacts in 
swept-source optical coherence tomography angiography. Br J Ophthalmol. 
2017;101:564-568.

30. Holló G. Optical coherence tomography angiography and glaucoma. In: Chow 
DR, de Olivieria RPC, eds. OCT angiography. New York; Thieme Medical 
Publishers Inc; 2017:112-126.

31. Holló G. Influence of large intraocular pressure reduction on peripapillary 

OCT vessel density in ocular hypertensive and glaucoma eyes. J Glaucoma. 

2017;26:7-10.

32. Shin JW, Sung KR, Uhm KB, Jo J, Moon Y, Song MK, Song JY. Peripapillary 

microvascular improvement and lamina cribrosa depth reduction after 

trabeculectomy in primary open-angle glaucoma. Invest Ophthalmol Vis Sci. 

2017;58:5993-5999.

33. Alnawaiseh M, Müller V, Lahme L, Merté RL, Eter N. Changes in flow density 

measured using optical coherence tomography angiography after iStent 

insertion in combination with phacoemulsification in patients with open-

angle Glaucoma. J Ophthalmol. 2018;2018:2890357. 

34. Holló G. Comparison of peripapillary OCT angiography vessel density and 

retinal nerve fiber layer thickness measurements for their ability to detect 

progression in glaucoma. J Glaucoma. 2018;27:302-305.

35. Holló G. Influence of removing the large retinal vessels-related effect on 

peripapillary vessel density progression analysis in glaucoma. J Glaucoma. 

2018;27:137-139.

36. Holló G. Valsalva maneuver and peripapillary OCT angiography vessel 

density. J Glaucoma. 2018;27:133-136.



Case Report

202

©Copyright 2018 by Turkish Ophthalmological Association
Turkish Journal of Ophthalmology, published by Galenos Publishing House.

 Introduction

Sarcoidosis can affect multiple organs and is histologically 
characterized by non-caseified granulomas.1 Ocular involvement 
is observed in 25-50% of patients with systemic sarcoidosis.2 The 
most common findings are uveitis and conjunctival nodules.3,4 

Neurosarcoidosis is found in 5-15% of those with systemic 
disease.5,6 In patients with neurosarcoidosis, ophthalmic 
symptoms are mostly associated with cranial nerve involvement 
and uveitis. The facial, trigeminal, oculomotor, and optic nerves 
are the most commonly involved cranial nerves.7 

Presented herein is a patient with bilateral uveitis, unilateral 
macular ischemia, bilateral optic disc involvement, and a 
biopsy-confirmed diagnosis of pulmonary sarcoidosis. This case 
report emphasizes that optic disc involvement may be a sign of 
neurosarcoidosis in patients with sarcoidosis and that macular 
ischemia may develop due to reduced flow in the retinal artery 
resulting from inflammation.  

Case Report

A 26-year-old female patient presented to our clinic with 
blurred vision in both eyes for 2 weeks. She reported no 

Address for Correspondence: Burak Tanyıldız MD, University of Health Sciences, Kartal Dr. Lütfi Kırdar Training and Research Hospital, Ophthalmology Clinic, 
İstanbul, Turkey Phone: +90 554 277 57 17 E-mail: buraktanyildiz@yahoo.com ORCID-ID: orcid.org/0000-0001-8245-8389

Received: 19.12.2017 Accepted: 18.02.2018

*University of Health Sciences, Kartal Dr. Lütfi Kırdar Training and Research Hospital, Ophthalmology Clinic, İstanbul, Turkey
**University of Health Sciences, Kartal Dr. Lütfi Kırdar Training and Research Hospital, Rheumatology Clinic, İstanbul, Turkey
***University of Health Sciences, Kartal Dr. Lütfi Kırdar Training and Research Hospital, Neuorology Clinic, İstanbul, Turkey
****University of Health Sciences, Kartal Dr. Lütfi Kırdar Training and Research Hospital, Pulmonary Diseases Clinic, İstanbul, Turkey

In this study, we present a case of bilateral optic neuropathy and macular ischemia in the right eye associated with neurosarcoidosis. 
A 26-year-old woman presented to our clinic with complaints of bilateral blurred vision. Bilateral granulomatous anterior uveitis, 
vitritis, optic neuropathy, and macular ischemia were detected in the right eye in slit-lamp examination. She also reported complaints 
of fever, weakness, sweating, arthralgia, and headache for 2 months. She was referred to the pulmonary diseases unit of our hospital 
due to hilar lymphadenopathy seen in her chest x-ray, and biopsies were taken for diagnostic purposes. Histological analysis of the 
mediastinal lymph node biopsies revealed chronic, non-caseating, granulomatous inflammation. Furthermore, the patient was referred 
to a neurologist due to concomitant complaint of intense headaches. She was diagnosed with neurosarcoidosis supported by findings 
on cranial magnetic resonance imaging and lumbar puncture. She received a 3-day course of high-dose (1 g/day) intravenous steroid 
treatment (methylprednisolone) followed by a tapering dose of oral prednisone. The patient began receiving oral methotrexate 15 mg/
week as a steroid-sparing agent. Significant improvement in neurological and ophthalmological symptoms occurred in the first week of 
treatment. In this case report, we emphasized that neurosarcoidosis should be included in the differential diagnosis of patients with both 
bilateral optic neuropathy and macular ischemia. Furthermore, early diagnosis and timely treatment of neurosarcoidosis are important 
for favorable visual outcomes.
Keywords: Macular ischemia, methotrexate, neurosarcoidosis, optic neuropathy
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history of any major illness, but had complaints of fever, 
sweating, exhaustion, joint pain, and headache starting 2 
months earlier. Upon presentation to another center for these 
complaints, chest x-ray revealed hilar fullness and a thoracic 
computed tomography (CT) scan was performed. Thoracic CT 
revealed bilateral hilar lymphadenopathy, and the patient was 
referred to our hospital for further diagnosis and treatment, 
where she underwent endobronchial ultrasound-assisted lymph 
node biopsy in our pulmonary diseases unit. Histopathological 
examination revealed granulomatous structures, lymphocytes, 
and sporadic bronchial epithelial cells.

The patient was not under treatment when she presented to 
our clinic. Physically, she exhibited somnolence and clouding of 
consciousness. Her visual acuity was 20/25 in the right eye and 
20/20 vision in the left eye. Granulomatous keratic precipitates 
and +1 Tyndall effect were detected in both eyes in anterior 
segment examination. In both eyes, +1 vitritis was observed in 
the anterior vitreous.

On fundus examination, the optic discs of both eyes were 
edematous and hyperemic. In the right eye, a soft exudate was 
observed inferior to the optic disc and the lower half of the 
macula was ischemic (Figures 1A, 1B). The patient was started 
on topical treatment with 1% prednisolone acetate 4 times daily 
and 0.5% tropicamide 3 times daily.

Neurology consultation was requested due to the patient’s 
complaints of intense headaches and the presence of bilateral 
optic disc involvement. However, no pathology was detected 
on neuromuscular examination. Cranial imaging and a lumbar 
puncture were performed. Diffusion magnetic resonance imaging 
(MRI) revealed extending nodular enhancements within and 
adjacent to the optic chiasm, at the basal cisternal level, and in 
the leptomeningeal layers in the posterior fossa. Thoracic and 
cervical MRI revealed leptomeningeal enhancement adjacent to 
the entire spinal cord. Cranial MR venography was normal.

Laboratory tests revealed low hemoglobin (10.7 g/dL; normal: 
12-17), high sedimentation rate (57 mm/h; normal: 6-12), 
elevated CRP (9.4 mg/dL; normal: 0-3.5), and high urinary 
calcium (324 mg/24 hours; normal: 0-250). Anticardiolipin 
antibodies and lupus anticoagulants were negative. Cerebrospinal 
fluid (CSF) analysis showed high protein (145 mg/dL; normal: 
15-45) and normal glucose (47 mg/dL; normal: 40-70), cell 
count in the cytological specimen was high (8500 cells/mL; 
normal: 0-10), and CSF pressure was normal (12 cm H2O; 
normal: 8-18). CSF tuberculosis culture and acid-fast bacilli 
staining was negative. Based on the laboratory values, lymph 
node biopsy, and imaging findings, the patient was diagnosed 
with neurosarcoidosis-associated optic neuropathy and treatment 
was initiated with intravenous 1 g methylprednisolone for 3 
days followed by oral methylprednisolone at 1 mg/kg/day. The 
macular ischemia initially observed in the right eye regressed 
within 1 week. The patient’s general condition improved 
significantly with treatment and fundus fluorescein angiography 
(FFA) was performed. In both eyes, hyperfluorescence beginning 
in the early phase and increasing in the late phase was observed 

in the optic discs (Figures 2A-D) and a hyperfluorescent spot 
that increased in intensity in the late phase was observed on 
the vessel passing superiorly over the left fovea (Figure 2D). 
Hyperfluorescent leakage that increased toward the late phase 
was observed in the lower peripheral retinal vessels of both eyes 
(Figures 3A, 3B). 

Although systemic steroid therapy was reduced, it was 
decided to initiate systemic immunosuppressive therapy; oral 
methotrexate 15 mg/week and folic acid 5 mg/day were added to 
her treatment. Her vision was 20/20 in both eyes after 3 months 
of treatment. Anterior segment examination was normal. Fundus 
examination showed regression of the optic disc edema (Figures 
4A, 4B). Follow-up diffusion MRI revealed that the extending 
nodular enhancements within and adjacent to the optic chiasm 
at the basal cisternal level and in the leptomeningeal layers in 
the posterior fossa had disappeared. In addition, thoracic and 
cervical MRI showed that the leptomeningeal enhancements 
along the spinal cord had completely resolved and the hilar 
lymphadenopathy had disappeared. 

The patient had no systemic or ophthalmological recurrence 
while under oral 15 mg/week methotrexate and 5 mg/day folic 

Tanyıldız et al, Ocular Involvement in Neurosarcoidosis

Figure 1. Color fundus photograph of a 26-year-old female patient at initial 
presentation: (A) Optic disc edema, soft exudate in the inferotemporal part of the 
optic disc, and ischemia in the inferior half of the macula is seen in the right eye; 
(B) optic disc edema is seen in the left eye

Figure 2. Fundus fluorescein angiography image obtained 2 weeks after initial 
presentation: (A-D) Optic disc hyperfluorescence beginning in the early phase 
and increasing in the late phase is seen in both eyes; (D) a hyperfluorescent spot 
increasing in intensity in the late phase is seen in the superior aspect of the left fovea
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acid therapy or during the 15-month follow-up period. No side 
effects related to systemic immunosuppressive therapy were 
observed. 

Discussion
Although the lungs are most commonly affected, sarcoidosis 

can manifest with extrapulmonary involvement including 
dermal, ocular, neurological, cardiac, renal, and gastrointestinal 
involvement.8 Neurological involvement is uncommon in 
sarcoidosis. Neurosarcoidosis is seen in 5-15% of patients with 
systemic sarcoidosis.5,6 

Turner et al.9 reported that the central nervous system is 
also involved in 37% of patients with intraocular sarcoidosis. 
In a study by Menezo et al.7, it was found that 7.4% of patients 
with neurosarcoidosis had optic nerve involvement. In a series 
of 19 patients with systemic sarcoidosis, optic neuropathy was 
accompanied by granulomatous anterior uveitis in 10 patients, 
retinal vasculitis and cotton-wool spots in 2 patients each, and 
isolated vitritis, panuveitis, isolated choroidal involvement, 
macular exudates, and episcleritis in 1 patient each.10 In 
our case, the patient had systemic sarcoidosis with ocular 
involvement manifesting as bilateral anterior uveitis, vitritis, and 
macular ischemia in the right eye. When the patient underwent 
neurological evaluation for bilateral optic nerve involvement and 
headaches, we found that she also had neurosarcoidosis. 

Yu and Yannuzzi11 associated bilateral decreased vision in a 
patient who had pulmonary neurosarcoidosis and neurosarcoidosis 
with findings of avascular zone enlargement on FFA and cystic 
changes in the macula on OCT. The patient was found to have 
bilateral perifoveal ischemia, which was presented as a rare 
finding of sarcoidosis involvement. Sarcoidosis usually causes 

non-ischemic retinal vasculitis.12 The macular ischemia in the 
right eye of our patient and the soft exudate in the lower temporal 
part of the optic disc may be attributable to reduced flow in the 
retinal artery due to inflammation. The macular ischemia and 
exudate regressed within the first week of treatment. Due to the 
poor general condition of the patient, OCT and FFA were not 
done during this period. 

Unlike pulmonary sarcoidosis, spontaneous resolution of 
neurosarcoidosis is uncommon. Neurosarcoidosis-related 
morbidity and mortality are minimized with treatment.13 
Although corticosteroids appear to be the first choice for the 
treatment of neurosarcoidosis, response rates to treatment with 
corticosteroids alone are lower in patients with neurosarcoidosis 
compared to patients with pulmonary sarcoidosis.14,15 In the 
long-term treatment of neurosarcoidosis, reactivation has been 
reported when the corticosteroid dose is reduced to 20-25 
mg.15 The addition of immunosuppressive agents such as 
methotrexate,14 azathioprine,16 mycophenolate mofetil,16 and 
chlorambucil17 to corticosteroid therapy has been reported 
in case reports. There are also studies in which the anti-TNF 
inhibitor infliximab has been used as a biological agent.18 In one 
report, a 61% remission rate was achieved in neurosarcoidosis by 
discontinuing corticosteroids and treating with methotrexate.14 
In the present case, full remission with no recurrence during 
the 15-month follow-up period was achieved with methotrexate 
treatment. 

In conclusion, neurosarcoidosis should be included in the 
differential diagnosis of patients with bilateral optic neuropathy 
and uveitis. Although macular ischemia is a rare finding of 
sarcoidosis, we should bear in mind that it may arise as a result 
of reduced flow in the retinal artery due to inflammation. Early 
diagnosis and treatment improve the prognosis of the disease 
and of ocular involvement if present. Sarcoidosis requires a 
multidisciplinary approach, and ophthalmologists play a key role 
in diagnosis and treatment planning. 
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Figure 3. Peripheral fundus fluorescein angiography image shows leakage 
increasing in the late phase in the retinal vessels in the (A) right and (B) left eyes

Figure 4. Fundus photograph taken 3 months after treatment: (A) Complete 
resolution of the optic disc edema and ischemia in the inferior macula is seen in the 
right eye; (B) Regression of the optic disc edema is seen in the left eye
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Introduction

Papillophlebitis is an uncommon ocular condition of 
undetermined etiology. Unlike classic central retinal vein 
occlusion, patients suffering from this disease are usually healthy 
and younger than 50 years of age.1,2 Most patients complain 
of blurred vision and photopsia. Typical findings include 
dilatation and tortuosity of the major retinal veins with retinal 
hemorrhage and optic disc edema.2 Traditional treatment for 
papillophlebitis includes systemic and periocular steroid therapy, 
intravitreal triamcinolone, intravitreal anti-VEGF inhibitors, 
platelet inhibitors, and anticoagulation.3,4,5 Guillain-Barré 
syndrome (GBS) is an immune-mediated acute polyneuropathy 
principally affecting motor nerves and causing paralysis.6 It is 
the most common cause of acute muscle weakness associated 
with peripheral neuropathy in adults and can be lethal if not 
treated early.7 GBS is reported to be associated with Zika virus 
infection.8 There are a few case presentations in the literature 
reporting total ophthalmoplegia, optic nerve involvement, 
ptosis, Vogt-Koyanagi-Harada, and uveitis as ocular findings of 
GBS.9,10,11,12

Here we report a case with visual deterioration in the right 
eye with numbness, pain, and tingling sensation in both lower 
legs.

Case Report

A 53-year-old woman presented with complaints of visual 
deterioration in the right eye. Her anamnesis revealed no 
ocular or systemic diseases except a mild influenza-like illness 
a week earlier. Her best corrected visual acuity (BCVA) was 
0.5 in the right and 1.0 in the left eye. Anterior segment 
examination and intraocular pressure was within normal range 
in both eyes. Fundoscopic examination of the right eye revealed 
splinter hemorrhages, optic nerve head hemorrhage, and cotton 
wool spots in the superior arcuate region, and the patient was 
diagnosed with papillophlebitis (Figure 1). Fundus fluorescein 
angiography revealed no ischemic areas; however, there was 
hypofluorescence in the areas corresponding to hemorrhages, 
and hyperfluorescence in the optic nerve head (Figure 2). 
Optical coherence tomography revealed macular edema and 
intraretinal edema and hyperreflective spots in the nasal fovea 

*Başkent University Faculty of Medicine, Department of Ophthalmology, Ankara, Turkey
**Private Practice, Adana, Turkey

In this case report, we presented a patient with visual deterioration as a result of papillophlebitis in the right eye who was later diagnosed 
with Guillain-Barré syndrome (GBS). Upon systemic and laboratory work-up to determine the etiology of papillophlebitis, the diagnosis 
of GBS was made and treatment was initiated immediately. The ocular and systemic symptoms resolved quickly after starting intravenous 
immunoglobulin therapy. We present this case to emphasize the importance of etiological diagnosis in papillophlebitis and the unusual 
presentation of GBS.
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corresponding to the areas affected by the occlusion (Figure 3). 
Laboratory and radiological tests were requested to determine 
the etiology of the papillophlebitis. One week after onset of these 
complaints, the patient began to experience numbness, pain, and 
tingling sensation in both lower legs. Motor weakness became 
progressively severe in both extremities and she was admitted 
to the neurology clinic for advanced examination and treatment. 
No abnormalities were detected in magnetic resonance imaging 
of the brain and spinal cord. Complete blood count, electrolytes 
and blood chemistry and urinalysis were normal. Coagulation 
tests, including serum levels of homocysteine, protein C and 
S, partial thromboplastin time, and prothrombin time were 
normal. Erythrocyte sedimentation rate and anticardiolipin G 
and M were within normal range. Lumbar puncture revealed 
no pathology. She was diagnosed with GBS and treated with 
intravenous immunoglobulin (IVIg) therapy. Her symptoms 
improved in the following 3 months. During follow-up, her 
BCVA in the right eye returned to 1.0 without any treatment for 
ocular findings (Figure 4). 

Discussion
GBS is usually preceded by infection or other immune 

stimulation that induces an aberrant autoimmune response 
targeting the peripheral nerves and their spinal roots.13,14 
Two-thirds of adult patients report preceding symptoms of a 
respiratory or gastrointestinal tract infection within 4 weeks 
of onset.15 Underlying systemic diseases such as systemic lupus 
erythematosus (SLE), sarcoidosis, Hodgkin disease, and other 
neoplasms have been known to cause a small number of GBS 
cases.16 

The pathogenesis of GBS as a manifestation of active SLE 
is not clear, but both cell-mediated and humoral processes 
may play a significant role.17 Ocular findings in SLE include 
hemorrhage, retinal cotton wool spots, microangiopathy, and 
vaso-occlusion as a result of immune complex deposition. The 
role of immune complex deposition is highlighted in vascular 
pathogenesis in the eye.15

Our patient was relatively young and did not suffer from 
any systemic diseases. Her anamnesis revealed only an influenza-
like illness with mild symptoms the week before. To the best 
of our knowledge, there are no previous reports in the literature 
of papillophlebitis as the initial presentation of GBS. Although 
the two clinical presentations may be coincidental, it may be 
postulated that papillophlebitis in our patient was related to the 
immune-mediated etiology of GBS, as is seen in SLE.

Figure 1. Fundoscopic examination revealed splinter hemorrhages, optic nerve 
head hemorrhage, and cotton wool spots due to ischemia in the superior arcuate 
region and a diagnosis of papillophlebitis was made

Figure 3. Optical coherence tomography revealed macular edema and intraretinal 
edema and hyperreflective spots in the nasal fovea corresponding to the areas 
affected by the occlusion

Figure 4. During follow-up, the patient’s best corrected visual acuity in the right 
eye returned to 1.0 without any treatment for ocular findings. Hemorrhages and 
cotton wool spots improved without any specific ocular treatment

Figure 2. Fundus fluorescein angiography revealed no ischemic areas; however, 
there was hypofluorescence in the areas corresponding to hemorrhages and 
hyperfluorescence in the optic nerve head
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In conclusion, we present this case in order to emphasize 
the importance of etiologic diagnosis in papillophlebitis. 
Papillophlebitis may be an initial finding of GBS, which may 
lead to serious neurologic complications if not treated early. 
Treatment modalities may differ with the etiologic diagnosis. 
Early initiation of IVIg or plasma exchange is of proven benefit 
and crucial in GBS.19 In our patient, no specific treatment for 
ocular findings was applied, as the papillophlebitis resolved with 
systemic treatment of GBS without leaving any sequelae. This 
may also be the result of the benign course of the papillophlebitis 
and the reversal of the findings of papillophlebitis may be the 
natural outcome.
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 Introduction

Sympathetic ophthalmia (SO) is a rare bilateral granulomatous 
inflammation that follows an accidental or surgical insult to the 
uvea.1 Choroidal neovascular membrane (CNV) may complicate 
the disease course and negatively affect visual outcome in 
patients with SO.2,3,4,5,6,7,8,9

In a retrospective cohort study including 4041 eyes of 2307 
patients with posterior uveitis and panuveitis, 81 eyes (2%) had 
CNV at presentation.10 In this study, the number of patients 
with SO and CNV was not given as it was too small. Recently, 
in another retrospective study involving 6850 uveitis patients, 
73 eyes of 60 patients (0.87%) were found to have inflammatory 
CNV.11 Of these 73 eyes, 52% (38 eyes of 29 patients) had CNV 
at the first presentation and the remaining 48% (35 eyes of 31 
patients) developed CNV during the course of follow-up. Only 1 
patient with CNV had a diagnosis of SO.

Here we report a one-eyed patient with SO who developed 
CNV during follow-up and was treated with intravitreal 
aflibercept injections in addition to ongoing systemic therapy.

Case Report

The blind and painful right eye of a 38-year-old man was 
eviscerated in September 2016. The patient stated that his right 
eye had been blind since early childhood due to a unilateral 
congenital anomaly complicated by secondary glaucoma. He 
received the diagnosis of SO in January 2017 after he experienced 
visual loss in his only seeing (left) eye. At the time of diagnosis, 
the patient was admitted to the hospital and meticulously 
investigated for possible infectious and noninfectious causes to 
rule out other uveitic entities, but without any positive findings. 
At that time, his best-corrected visual acuity was 6/10. Slit-
lamp examination yielded some vitreous cells in the left eye. 
Fundoscopy showed a few scattered pigmented chorioretinal 
scars and discrete yellowish round choroidal lesions throughout 
the left fundus (Figure 1A). Fluorescein angiogram delineated 
the active lesions as early hypofluorescent (Figure 1B) with late 
staining. Left macular contour was normal on optical coherence 
tomography (OCT) examination (Figure 1C). He was started on 
oral prednisolone (64 mg) for 2 weeks with gradual tapering 
of 8 mg per week. Despite initial visual improvement, he 
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Choroidal neovascular membrane (CNV) is a very rare complication in patients with sympathetic ophthalmia. We hereby report a 
38-year-old man who developed a type 2 CNV in his only seeing (left) eye while under systemic steroid treatment. Systemic therapy 
was revised and a total of 5 intravitreal aflibercept injections (2 mg each) were administered over a period of 8 months. Good anatomic 
and functional outcome was noted at the last visit. Anti-vascular endothelial growth factor injection may be an important adjunct to 
systemic therapy in eyes with with sympathetic ophthalmia-associated CNV.
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experienced another episode of visual decline while taking 32 
mg of prednisolone. His best-corrected visual acuity decreased to 
2/10 and he had grade 4 vitreous haze according to the Miami 
grading.12 Fundus examination showed marked yellowish-white 
discoloration of the macula with some evidence of intraretinal 
hemorrhage (Figure 2A and B). He was hospitalized and treated 
with pulse methylprednisolone 1 g (250 mg 4 times daily) for 3 
days. Following pulse therapy, 64 mg oral prednisolone and 150 
mg (50 mg 3 times daily) azathioprine were co-administered. 
Two weeks after the completion of pulse therapy, his visual 
acuity was still 2/10 despite a significant reduction in vitreous 
haze. Fluorescein angiogram and OCT demonstrated type 2 
choroidal neovascularization (Figure 3A-C). Five intravitreal 
2 mg aflibercept injections were given within a period of 8 
months. His final visual acuity was 6/10 with a stable-looking 
macula (Figure 4A and B) and he was continued on a treatment 
regimen of 150 mg azathioprine and 8 mg prednisolone daily.

Discussion

CNV can be associated with various inflammatory choroidal 
diseases, as cytokines together with vascular endothelial growth 
factor (VEGF) are implicated in the pathogenetic mechanisms, 
leading to impaired permeability and altered angiogenesis.13,14 
The presence of Dalen-Fuchs nodules may be the cause of the 
disruption of the Bruch’s membrane in eyes with SO.7

CNV in eyes with SO has been observed to resolve 
spontaneously2,3 and to respond to immunosuppressive agents 

(cyclosporine and azathioprine),4,7 photodynamic therapy,6 
thermal laser,5 and intravitreal bevacizumab injection.8 Even 
submacular surgery to remove CNV has been attempted.9

Steroids and immunosuppressives are generally used in 
uveitis to reduce the inflammatory stimulus which seems to 
play a role in CNV formation and also partly due to their 
antiangiogenic effect.15 Anti-VEGF agents have also been used in 
addition to systemic therapy in eyes with inflammatory CNV in 
case reports and series. In a randomized study investigating the 
efficacy and safety of ranibizumab for the treatment of CNV due 
to uncommon causes in a group of 178 patients, 18 (15.1%) had 
postinflammatory type CNV and a single loading dose followed 
by a pro re nata regimen seemed to succeed statistically both 
in anatomic and visual outcome.16 Julian et al.8 reported using 
intravitreal bevacizumab therapy in a group of 15 patients with 
uveitis-related CNV and only 1 of the 15 patients had SO. This 
patient was also receiving systemic steroid and interferon alpha. 
The number of bevacizumab injections was not mentioned. In 
our case, the patient developed CNV in his only eye while he 
was on systemic steroids and 5 consecutive 2 mg aflibercept 

Figure 4. A) Color fundus photograph showing the diminished choroidal 
neovascular membrane area and persistent 360-degree chorioretinal scars at the 
last follow-up visit; B) optical coherence tomography section showing the fibrotic-
looking choroidal neovascular membrane

Figure 3. A) Color fundus photograph of the left eye showing the juxtafoveolar 
choroidal neovascular membrane and scattered chorioretinal scars; B) fluorescein 
angiography image depicting the hyperfluorescent well-demarcated classic type of 
choroidal neovascular membrane; C) optical coherence tomography section showing 
type 2 membrane with some intraretinal fluid

Figure 2. A) Color fundus photograph of the left eye demonstrating the hazy view 
of the posterior fundus and yellow-white foveolar infiltration with indistinct borders 
and the presence of some retinal hemorrhage; B) optical coherence tomography 
section of the left eye delineating the possible choroidal neovascular membrane

Figure 1. A) Composite color fundus photograph of the left eye showing scattered 
roundish yellow-white infiltrates throughout the fundus; B) venous phase of the 
angiogram depicting the widespread hypofluorescent dots under the retina in 
360 degrees; C) optical coherence tomography section showing the nearly normal 
foveolar contour and some hyperreflective dots corresponding to posterior vitreous 
inflammatory cell clusters at the time of the diagnosis of sympathetic ophthalmia
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injections administered over 8 months helped us to improve 
his vision. Together with azathioprine maintenance therapy, he 
achieved relatively good anatomic and visual outcomes.

Clinicians should be careful to differentiate the signs of 
choroidal subretinal neovascular membrane from the signs 
of already present uveal inflammation, as even eyes under 
immunosuppressive treatment may develop CNV. Anti-VEGF 
agents (aflibercept in the present case) seems to be a very valuable 
adjunct to obtain a good anatomic and functional outcome in 
inflammatory type subretinal choroidal neovascular membranes 
and systemic immunosuppression should also be used to suppress 
the inflammatory stimulus.
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Introduction 

Familial exudative vitreoretinopathy (FEVR) is a rare 
hereditary disease affecting retinal vascular development, and 
was first described in 1969 by Criswick and Schepens.1 The 
vascular pathologies were characterized by Canny and Oliver2 in 
1976 using fundus fluorescein angiography (FFA). The primary 
clinical manifestation of the disease is an avascular peripheral 
retina. Subsequent ischemia may lead to other findings of FEVR, 
including serious problems such as neovascularization (NVE), 
fibrosis, posterior pole traction, retinal folds, and even retinal 
detachment.3 Diagnosis can be made based on the presence of 
these findings on fundus examination, but evaluation of family 
members can also support the diagnosis in advanced cases with 
complicated findings. Ranchod et al.4 and Pendergast and Trese.5 
reported positive family history in 37% and 57.7% of patients 

with FEVR, respectively. In a study conducted in Turkey, 7 out 
of 10 patients were found to have a positive family history.6 In 
this report, we present the findings of a patient diagnosed with 
FEVR and another affected member of his family.

Case Report

A 49-year-old male patient was referred to our clinic with 
a prediagnosis of retinal vascular occlusion. In his medical 
history, he reported developing low vision after a traffic accident 
in childhood, having laser treatment in both eyes at 12 years 
of age and again 1 month earlier, and undergoing bilateral 
laser-assisted in situ keratomileusis in 2002. His medical and 
family histories were otherwise unremarkable. Following fundus 
examination and FFA, he was questioned again about his birth 
and he stated that he had been born full term by normal delivery. 

İzmir Atatürk Training and Research Hospital, Ophthalmology Clinic, İzmir, Turkey 

Familial exudative vitreoretinopathy (FEVR) is a rare inherited disorder of retinal angiogenesis. A 49-year-old male patient was referred 
to our clinic for retinal vascular occlusion. His history, clinical findings, and fundus fluorescein angiography findings were evaluated. 
Family members were called and eye examinations were performed. Our patient was not born preterm and he reported decreased 
visual acuity after a traffic accident during childhood. He had laser treatment when he was 12 years old and again 1 month before our 
examination. He also had laser-assisted in situ keratomileusis surgery for both eyes in 2002. On examination, his visual acuity was 0.4 
in the right eye and 0.3 in the left eye. He had cortical cataract in both eyes. Macula OCT revealed macular contour irregularity due to 
epiretinal membrane in his right eye and minimal perifoveal thinning in his left eye. On fundus photography, straightening of the retinal 
vessels, macular dragging, retinal folds on temporal retina, preretinal fibrosis, and laser spots were seen. FFA revealed avascular retinal 
areas with incomplete laser spots in the temporal, inferior, and superior parts of retina. He also had neovascularization with leakage in 
the temporal retina of his right eye. The patient’s brother, who was also born at full term, also had excessive branching of the vascular 
structures in the temporal peripheral retina, non-perfused cord vessels and avascular areas. In light of all these findings, we diagnosed 
our patient with Stage 2A FEVR and his brother with Stage 1 FEVR. In summary, FEVR is a clinically diagnosed disease. Because 
FEVR is inherited and potentially sight-threatening, family examination is helpful and important so that affected family members can 
be diagnosed and followed up.
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On ophthalmologic examination, his visual acuity was 0.4 in 
the right eye and 0.3 in the right eye, with mild cortical lens 
opacities. Fundus photography showed straightening of the 
temporal retinal vascular arcades and temporal dragging of the 
macula in both eyes (Figure 1). 

Previously applied laser spots with corresponding preretinal 
fibrosis were observed in the temporal periphery. Although the 
nonperfused areas in the temporal retina had been partially laser 
treated, FFA revealed leakage due to persistent retinal NVE in 
the right eye (Figure 2).

Optical coherence tomography revealed disrupted macular 
contour associated with epiretinal membrane in the right macula 
and minimal perifoveal thinning in the left macula (Figure 3). 

Suspecting FEVR, the patient’s family members were invited 
for ophthalmologic examination. The patient’s father had normal 
ocular findings, while his brother showed straightening of the 
temporal vascular arcades in both eyes and excessive vascular 
branching and nonperfusing cord vessels in the peripheral 
vasculature, as well as temporal avascular areas (Figure 4).

His brother was also not born prematurely. FFA was not 
performed for his brother because he did not return for the 
procedure. FFA in the patient’s father was within normal limits. 
Based on the brother’s findings and the revised Pendergast and 
Trese7 classification, the patient was diagnosed with stage 2A 
FEVR and his brother was diagnosed with stage 1A FEVR 
(Table 1). The patient’s other family members did not appear for 
examination. Additional laser therapy to the nonperfused areas 
was recommended due to persistent NVE. When obtaining his 
family history, it was learned that his parents were second-degree 
cousins.

Discussion 
FEVR is diagnosed clinically. In the early stages, it is important 

to differentiate FEVR from retinopathy of prematurity. However, 
in older patients presenting with findings such as proliferative 
vitreoretinopathy (PVR), retinal detachment, and vitreous 
hemorrhage, especially those with asymmetric involvement, 
pathologies such as Coats disease, Eales disease, retinosis, sickle 
cell anemia, and toxocariasis must be excluded. Patients may also 
present with various combinations of macular dragging, radial 
retinal folds, NVE, preretinal vitreous organization, vitreoretinal 
proliferation, subretinal exudation, and retinal detachment. PVR 
is more common in advanced disease, and requires multiple 
surgical interventions.8

Milder forms of FEVR may manifest with peripheral 
avascularity accompanied by vitreoretinal adhesions, veno-
venous anastomoses, increased vascular branching, and V-shaped 

Kahraman et al, Family Analysis for Familial Exudative Retinopathy

Figure 1. Fundus photographs of a patient with familial exudative 
vitreoretinopathy showing straightening of the temporal retinal vascular arcades, 
temporal dragging of the macula that was more prominent in the right eye, and 
laser spots with preretinal fibrosis in the right fundus temporal to the macula

Figure 2. Fundus fluorescein angiography showing partially laser-treated 
avascular areas in the temporal retina of both eyes and leakage due to persistent 
retinal neovascularization in the right eye

Figure 3. Macular optical coherence tomography showing disrupted macular 
contour associated with epiretinal membrane in the right macula and minimal 
perifoveal thinning in the left macula

Figure 4. Color fundus photograph showing avascular areas, excessive vascular 
branching, and nonperfusing cord vessels in the temporal retinas of both eyes

Table 1. Updated clinical classification of familial exudative 
vitreoretinopathy

Stage Exudate* Clinical features

(-) (+) 

1 A B Avascular retinal periphery

2 A B Extraretinal neovascularization

3 A B Extramacular retinal detachment

4 A B Retinal detachment involving the macula

5 A (open 
funnel)

B 
(closed 
funnel)

Total retinal detachment

*: For stages 1-4
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retinochoroidal degeneration.9 Some FEVR patients who are 
asymptomatic with approximately normal fundus examination 
are reported to have smaller optical disc diameter, greater optic 
disc-macular distance/optic disc diameter ratio, and higher 
vessel density from the optic disc compared to a control group.10 
We also observed these findings in the patient’s brother. These 
findings may support a diagnosis of FEVR in suspected cases.

To date, mutations in 5 genes have been associated with 
the AEVR phenotype (NDP, FZD4, LRP5, TSPAN12, 
ZNF408).11,12 Autosomal recessive, autosomal dominant, and 
X-related inheritance patterns have been reported. Therefore, 
while patients may have a positive family history, a negative 
family history may not be significant because family members 
can exhibit different clinical severity. One of the main challenges 
to diagnosis is that the patient’s parents are often healthy. The 
examination of other family members, especially siblings, is 
important to prevent further suffering associated with the 
disease.13 Because FEVR carries the risk of blindness, screening 
family members not only facilitates diagnosis, but is also key for 
follow-up and future genetic counseling for these patients. In 
addition, evaluating family members can expand our knowledge 
of the clinical course of the various phenotypes of this rare 
condition. Our patient had undergone laser therapy at another 
center and was undiagnosed when he was referred to our clinic. 
His family members were evaluated for this purpose for the first 
time and FEVR was detected in his brother. Because we could 
not perform genetic analysis in this case, the affected gene and 
inheritance pattern could not be determined, but the patient’s 
family was made aware of the possible complications and genetic 
transmission of this disease.

FEVR can present in older patients. Family screening 
assists diagnosis and also enables affected individuals to be 
identified before becoming symptomatic. These individuals can 
be informed about and followed for the possible complications of 
the disease. Furthermore, inheritance pattern may be determined 
based on the affected family members and genetic counseling can 
be provided for future generations.
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Distance Visual Acuity Measurements Equivalency Table

ETDRS Standard 
Line Number

Spatial Frequency

Qualitative 
Measurements

Decimal Snellen LogMAR Angle of 
Resolution

Cycle per Degree

-3 2.00 20/10 -0.30 0.5 60.00

-2 1.60 20/12.5 -0.20 0.625 48.00

-1 1.25 20/16 -0.10 0.8 37.50

0 1.00 20/20 0.00 1 30.00

0.90 0.05 27.00

1 0.80 20/25 0.10 1.25 24.00

0.70 0.15 21.00

2 0.63 20/32 0.20 1.6 18.75

0.60 0.22 18.00

3 0.50 20/40 0.30 2 15.00

4 0.40 20/50 0.40 2.5 12.00

0.30 0.52 9.00

5 0.32 20/63 0.50 3.15 9.52

6 0.25 20/80 0.60 4 7.50

7 0.20 20/100 0.70 5 6.00

8 0.16 20/125 0.80 6.25 4.80

9 0.13 20/160 0.90 8 3.75

10 CF from 6 m 0.10 20/200 1.00 10 3.00

11 CF from 5 m 0.08 20/250 1.10 12.5 2.40

12 CF from 4 m 0.06 20/320 1.20 16 1.88

13 CF from 3 m 0.05 20/400 1.30 20 1.50

14 0.04 20/500 1.40 25 1.20

15 CF from 2 m 0.03 20/640 1.51 32 0.94

16 0.025 20/800 1.60 40 0.75

17 0.020 20/1000 1.70 50 0.60

18 CF from 1 m 0.016 20/1250 1.80 62.5 0.48

21 CF from 50 cm 0.008 20/2500 2.10 125 0.24

31 HM from 50 cm 0.0008 20/25000 3.10 1250 0.02

Abbreviations:
CF: Counting fingers, HM: Perception of hand motions, m= meter, cm= centimeter

Equations of conversions for Microsoft Excel:
- Log10 (Decimal Acuity)= LogMAR Equivalent
Power (10; -Logmar Equivalent)= Decimal Acuity (for English version of Microsoft Excel)
Kuvvet (10; -Logmar Equivalent)= Decimal Acutiy (for Turkish version of Microsoft Excel)

Reference
Eğrilmez S, Akkın C, Erakgün T, Yağcı A. Standardization in evaluation of visual acuity and a comprehensive table of equivalent. Turk J Ophthalmol. 2002;32:132-
136.
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