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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 (“Turkge S6zlugu ve
Yazim Kilavuzu”) of the Turkish Language Association. Turkish
forms of ophthalmology-related terms should be checked in the
TODNET Dictionary (“TODNET Sozligti” http://www.todnet.
org/v3/sozluk/default.asp) 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 [copyright transfer]. 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 2008) (http://www.wma.net/
en/30publications/10policies/b3/). 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.
concermed; or specify the type of relationship (consultant, other
agreements), if any.

Authors must provide a statement on the absence of conflicts
of interest among the authors and provide authorship
contributions.

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

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

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

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

Preparation of research articles, systematic reviews and meta-
analyses must comply with study design guidelines:
CONSORT statement for randomized controlled trials (Moher
D, Schultz KF, Altman D, for the CONSORT Group. The
CONSORT statement revised recommendations for improving
the quality of reports of parallel group randomized trials. JAMA
2001; 285: 1987-91) (http://www.consort-statement.org/);
PRISMA statement of preferred reporting items for systematic
reviews and meta-analyses (Moher D, Liberati A, Tetzlaff J,
Altman DG, The PRISMA Group. Preferred Reporting Items
for Systematic Reviews and Meta-Analyses: The PRISMA
Statement. PLoS Med 2009; 6(7): €1000097.) (http://www.
prisma-statement.org/);

STARD checklist for the reporting of studies of diagnostic
accuracy (Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA,
Glasziou PP, Irwig LM, et al., for the STARD Group. Towards
complete and accurate reporting of studies of diagnostic
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accuracy: the STARD initiative. Ann Intern Med 2003;138:40-
4.) (http:/lwww.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
superscriptimmediately 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
a procedure. Arch Ophthalmol. 1978;96:1058-1064.
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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 fitle.

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.
nim.nih.gov/mesh/MBrowser.html). Turkish key words should
be direct translations of the terms in MESH.

Original research articles should have the following
sections:

Introduction: Should consist of a brief explanation of the
topic and indicate the objective of the study, supported by
information from the literature.

Materials and Methods: The study plan should be clearly
described, indicating whether the study is randomized or not,
whether it is retrospective or prospective, the number of trials,
the characteristics, and the statistical methods used.

Results: The results of the study should be stated, with
tables/figures given in numerical order; the results should be
evaluated according to the statistical analysis methods applied.
See General Guidelines for details about the preparation of
visual material.
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Discussion: The study results should be discussed in terms
of their favorable and unfavorable aspects and they should
be compared with the literature. The conclusion of the study
should be highlighted.

Study Limitations: Limitations of the study should be discussed.
In addition, an evaluation of the implications of the obtained
findings/results for future research should be outlined.
Conclusion: The conclusion of the study should be highlighted.
Acknowledgements: Any technical or financial support or
editorial contributions (statistical analysis, English/Turkish
evaluation) towards the study should appear at the end of the
article.

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

Case Reports

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

Review Articles

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

Reviews articles analyze topics in depth, independently and
objectively. The first chapter should include the title in Turkish
and English, an unstructured summary and key words. Source
of all citations should be indicated. The entire text should not
exceed 25 pages (A4, formatted as specified above).

Letters to the Editor

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

CORRESPONDENCE

All correspondence should be directed to the TJO editorial
board:

Post: Turkish Ophthalmological Association

Millet Cad. Gilsen Apt. B Blok No: 21/7 Aksaray-Istanbul-
Turkey

Phone: +90 212 632 99 98 / Fax: +90 212 529 78 30

Web Page: www.oftalmoloji.org

E-mail: dergi@oftalmoloji.org / sekreter@oftalmoloji.org
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Early Postoperative Effects of Cataract Surgery on
Anterior Segment Parameters in Primary Open-Angle
Glaucoma and Pseudoexfoliation Glaucoma

Utuk Elgin*, Emine Sen*, Tiilay Simgek**, Kemal Tekin*, Pelin Yilmazbag*
*Ulucanlar Eye Research and Training Hospital, Ophthalmology Clinic, Ankara, Turkey
**QOsmangazi University Faculty of Medicine, Department of Ophthalmology, Eskisehir, Turkey

Summary

Objectives: To compare the effect of cataract surgery on anterior segment parameters measured by optical biometry in primary open-
angle glaucoma (POAG) and pseudoexfoliation glaucoma (PXG).

Materials and Methods: Twenty-five eyes of 25 patients with POAG and 29 eyes of 29 patients with PXG who had uncomplicated
phacoemulsification and posterior chamber intraocular lens implantation surgery were included to our prospective study. Central corneal
thickness (CCT), anterior chamber depth (ACD) and axial length (AL) were measured with an optical biometer preoperatively and at
1 month postoperatively. The pre- and postoperative values of intraocular pressure (IOP) and the anterior segment parameters and the
differences between POAG and PXG were compared statistically by paired t, independent t and chi-square tests.

Results: The mean values of preoperative CCT (p=0.042) and ACD (p=0.012) were significantly lower in the PXG than in the POAG
group. In the PXG group, IOP decreased (p=0.001) but CCT (p=0.03) and ACD (p=0.001) increased significantly postoperatively; AL
did not change significantly. In the POAG group, IOP decreased (p=0.01) and ACD (p=0.004) increased significantly postoperatively,
while AL and CCT did not change significantly. There were no significant differences in the pre- to postoperative changes in IOP
(p=0.76), AL (p=0.44) and CCT (p=0.52) values between the two groups. However, the postoperative increase in ACD was larger in
the PXG group (p=0.03).

Conclusion: Cataract surgery may cause some changes in IOP and anterior segment parameters like ACD and CCT postoperatively in
eyes with POAG and PXG, and these changes may differ between eyes with PXG and POAG.

Keywords: Cataract, primary open-angle glaucoma, pseudoexfoliation glaucoma, optical biometer, anterior segment parameters

of this study was to determine the eatly effects of cataract
surgery on IOP and anterior segment parameters such as CCT,
ACD and AL measured at postoperative 1 month by optical
biometry (Haag-Streit LENSTAR® LS 900 Optical Biometer,
Switzerland) in POAG and PXG patients and to compare these

Introduction

Cataract surgery lowers intraocular pressure (IOP) and
reduces the need for anti-glaucomatous drugs, especially in
patients with lens-induced glaucoma, angle-closure glaucoma
and pseudoexfoliation glaucoma (PXG).1,2:3:4,5,6 Hayashi et

ffects bet the two different t f gl .
al.3 found that cataract surgery lowered IOP in primary open- cliects between the two citierent types of glaucoma

angle glaucoma (POAG) and angle-closure glaucoma, and
reported a greater decrease in cases of narrow-angle glaucoma.
The reduction in IOP is the result of increased anterior chamber
depth (ACD) and widening of the iridocorneal angle following
cataract surgery.2,6,7,8,9,10

Noncontact optical biometers use diode lasers and low-
coherence reflectometry to allow the measurement of anterior
segment parameters such as central corneal thickness (CCT),
ACD, lens thickness and axial length (AL).11,12,13 The aim

Materials and Methods

Twenty-five eyes of 25 patients with POAG and 29 eyes of
29 patients with PXG who underwent phacoemulsification and
posterior chamber intraocular lens implantation in our hospital
between September 2013 and December 2014 were included in
this prospective study. The study was approved by the Ankara
Numune Training and Research Hospital Ethics Committee and
informed consent was obtained from all patients.

Address for Correspondence: Ufuk Elgin MD, Ulucanlar Eye Research and Training Hospital, Ophthalmology Clinic, Ankara, Turkey
Phone: +90 312 312 62 61 E-mail: ufukelgin@superonline.com Received: 16.06.2015 Accepted: 07.08.2015
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Pre- and postoperatively all patients underwent corrected
visual acuity assessment using the Snellen chart, anterior
and posterior segment examination, IOP measurement by
Goldmann applanation tonometry, preoperative iridocorneal
gonioscopy using a Goldmann three-mirror lens, optic disc
and retinal nerve fiber layer evaluation by spectral-domain
optical coherence tomography (OCT) and CCT measurement
by ultrasonic pachymetry.

The exclusion criteria of the study were as follows: age
less than 40 years old; presence of an active intraocular
infection; previous ocular surgery or ocular trauma; history
of uveitis; and glaucoma types other than PXG and POAG.
Patients with diabetes mellitus were excluded due to possible
effects on lens thickness. Furthermore, patients exhibiting
widespread pterygium, leukoma, nebula, keratoconus or
other corneal degeneration and dystrophies of the cornea on
ophthalmologic examination, patients with elevated IOP or
other glaucomatous findings refractory to medical treatment,
and patients with any intra- or postoperative complications of
the phacoemulsification procedure were not included in the
study.

Patients over 40 years old were included in the study. Other
inclusion criteria for POAG patients were as follows: being
followed under anti-glaucomatous medical treatment in our
glaucoma clinic; unmedicated IOP 222 mmHg; grade III-IV
open iridocorneal angle according to the Shaffer classification;
absence of glaucomatous findings at the optic disc (e.g.
cup-to-disc ratio 20.3, localized neuroretinal rim notching,
peripapillary choroidal atrophy, and splinter hemorrhage);
and absence of glaucomatous visual field findings such as
nasal step, arcuate scotoma or Seidel’s scotoma in the patient’s
medical records. In addition to the inclusion criteria stated for
POAG patients, the presence of pseudoexfoliation material at
the pupillary margin and/or the lens surface was required for
PXG patients. PXG patients with Shaffer grade I and II were
not included in the study.

In addition to the detailed ophthalmologic examination,
CCT, AL and ACD measurements were performed by optic
biometry preoperatively and at the first postoperative month
by the same experienced physician (K.T.).

The surgery was performed under topical anesthesia
(Alcaine 0.5% ophthalmic solution, Alcon) beginning with
a 2.8 mm clear corneal incision in the superotemporal
quadrant, followed by phacoemulsification with torsional
phaco technology (Infiniti, Alcon Laboratories Inc.) and
single-piece hydrophobic posterior chamber IOL implantation
(AcrySof® SA 30AL, Alcon), concluding with an intracameral
cefuroxime (1 mg/0.1 ml) injection. In the postoperative
period, patients received topical moxifloxacin hydrochloride
(Vigamox® 0.5% ophthalmic solution, Alcon) four times a
day for one week and topical prednisolone acetate (Predforte®
1% ophthalmic solution, Allergan) four times a day for one
month. The t test, independent samples t test and chi-square
test were used in statistical analyses.
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Results

The POAG group consisted of 25 (12 female and 13 male)
patients with a mean age of 64.9+8.5 (range, 46-75) years; the
PXG group consisted of 29 (15 female and 14 male) patients
with a mean age of 69.6+6.3 (range, 60-77) years. The gender
distributions of the groups were statistically equivalent, but
the PXG group was statistically older than the POAG group
(p=0.32 and p=0.043, respectively) (Table 1).

Preoperative IOL, AL, CCT and ACD values are summarized
in Table 2. All patients’ glaucoma was medically controlled;
therefore there was no significant difference between groups in
terms of IOL achieved with medication (p=0.84). Preoperative
number of anti-glaucomatous drugs used was 1.15+0.5 in the
POAG group and 1.4x0.5 in the PXG group. Preoperative mean
CCT and ACD were found to be significantly lower in PXG eyes
compared with POAG eyes (p=0.04 and p=0.01, respectively);
no significant difference was detected in AL between the groups
(p=0.21) (Table 2).

Pre- and postoperative IOP and other anterior segment
parameter values, as well as the postoperative changes in
these parameters are presented in Table 3. In PXG eyes, IOP
decreased postoperatively (p=0.001) while CCT and ACD values
increased (p=0.029 and p=0.001, respectively). There was
no significant difference in AL (p=0.44). In POAG eyes, IOP
decreased postoperatively (p=0.01) while ACD values increased
(p=0.04). However, no difference was observed in CCT or AL
values (p=0.31 and p=0.42, respectively). The number of anti-
glaucomatous drugs used postoperatively was 1.1+0.6 in the
POAG group and 1.2+0.6 in the PXG group.

Comparison of the surgically induced anterior segment
changes between PXG and POAG eyes revealed no significant

Table 1. Demographic characteristics of the patients

POAG group | PXG group p value
Age, years (mean + SD, | 64.9+8.5 69.6+6.3 p=0.043%*
minimum-maximum) | (46-75) (60-77)
Gender (n,%) 12 female (48%) | 15 female (51.7%) | p=0.32
13 male (52%) 14 male (48.3%)

POAG: Primary open-angle glaucoma, PXG: Pseudoexfoliation glaucoma, SD: Standard
deviation

*Statistically significant

Table 2. Preoperative mean intraocular pressure, central
corneal thickness, axial length and anterior chamber depth
values

POAG group | PXG group p value
IOP (mmHg) 18.2+1.3 18.3+2.5 p=0.84
CCT (pm) 542.7+21.6 520.5+16.8 p=0.042%
AL (mm) 23.04=0.7 23.22+0.35 p=0.21
ACD (mm) 3.32+0.16 3.12+0.15 p=0.012%

POAG: Primary open-angle glaucoma, PXG: Pseudoexfoliation glaucoma, IOP: Intraocular
pressure, CCT: Central corneal thickness, AL: Axial length, ACD: Anterior chamber depth

*Statistically significant
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differences in IOP (p=0.76), AL (p=0.44) or CCT (p=0.52)
changes, whereas the postoperative increase in ACD was
significantly greater in PXG eyes (p=0.03) (Table 3).

Discussion

In both glaucomatous and normal eyes, cataract surgery
increases ACD and widens the iridocorneal angle, thereby
decreasing IOP1,2,3,4,5,6,14 Huang et al.l4 used anterior
segment OCT to investigate ACD and anterior chamber angle
in angle-closure glaucoma and open-angle glaucoma patients
after cataract surgery and found that cases with narrow angles
in particular showed larger reduction in IOP. The current
study included POAG and open-angle PXG patients in
order to determine the effects of cataract surgery on IOP and
anterior segment parameters such as CCT, ACD and AL in
these two groups of patients with open angles.

Cataract surgery is the main surgical treatment method
for primary angle-closure glaucoma (PACG) patients and is
preferred by many practitioners over trabeculectomy.”15 Zhao
et al.7 analyzed 85 PACG patients by Pentacam imaging 3
months after cataract surgery and found a significant IOP
reduction as well as increased anterior chamber volume and
wider anterior chamber angle.

Although these effects may be more pronounced in
patients with angle-closure glaucoma, cataract surgery may
also lead to a drop in IOP and changes in anterior segment
parameters in patients with open-angle glaucoma.3 Because
all of the subjects in our study had open-angle glaucoma, a
secondary aim of our study was to evaluate the effect of another
variable, pseudoexfoliation, on these parameters.

Dooley et al.? used the Pentacam to evaluate the effects of
uncomplicated cataract surgery on anterior segment morphology

Table 3. Preoperative and 1 month postoperative intraocular
pressure, central corneal thickness, axial length and anterior
chamber depth values

POAG group PXG group p value
(intergroup
difference)
IOL (mmHg) | Preop: 18.2+1.3 Preop: 18.3+2.5 p=0.76
Postop: 16.3+1.5 Postop: 15.2+1.2
p=0.01* p=0.001%
CCT (pm) Preop: 542.7+21.6 | Preop: 520.5+16.8 | p=0.52
Postop: 545.2+30.2 | Postop: 525.0+17.9
p=0.21 p=0.029%
AL (mm) Preop: 23.04+0.7 Preop: 23.22+0.35 | p=0.44
Postop: 23.05+0.65 | Postop:
p=0.42 23.22+0.28
p=0.44
ACD (mm) Preop: 3.32+0.16 Preop: 3.12+0.15 p=0.03*
Postop: 3.51+0.21 | Postop: 3.58+0.19
p=0.004% p=0.0017%

POAG: Primary open-angle glaucoma, PXG: Pseudoexfoliation glaucoma, IOP: Intraocular
pressure, CCT: Central corneal thickness, AL: Axial length, ACD: Anterior chamber depth,
Preop: Preoperative, Postop: Postoperative

*Statistically significant

in normal, nonglaucomatous eyes and observed that IOP
decreased by an average of 3.2 mmHg while anterior chamber
angle, depth and volume increased postoperatively. They also
showed that the preoperative IOP/ACD ratio fell postoperatively
in proportion to the decrease in IOP9 We also observed
significant increases in ACD after cataract surgery in both POAG
and PXG patients, with a greater increase in PXG patients.
Ciliary zonular laxity is a probable cause of the shallower anterior
chamber in PXG patients.16 Doganay et al.17 showed that PXG
patients have relatively shallower anterior chambers than control
subjects. Consistent with the literature, in the current study the
preoperative ACD was significantly shallower in PXG patients
than POAG patients. Furthermore, the postoperative increase in
ACD was larger in PXG patients compared to POAG patients.
Although IOP declined significantly in both of our study
groups, there was no significant difference between the groups.
In addition, we detected no significant pre- to postoperative
changes in CCT. As in the current study, Dooley et al.9 examined
CCT changes in the sixth week after cataract surgery and also
found no significant differences.

Our results revealed no significant differences between pre-
and postoperative AL. In contrast, Seok et al.18 found that AL
increased significantly after cataract surgery. In a Turkish study,
Bilak et al.19 reported a significant decrease in AL values at 1
month after cataract surgery in healthy subjects. AL may also
decrease after trabeculectomy.20 Brown20 demonstrated that
AL values decreased in proportion to the fall in IOP following
trabeculectomy. Unlike both of those studies, we detected no
significant change in AL values postoperatively.

Conclusion

Uncomplicated phacoemulsification with posterior chamber
IOL implantation surgery in POAG and PXG patients can lead
to significant changes such as lower IOP and greater ACD. To
the best of our knowledge, there are no reports in the literature
comparing the effects of cataract surgery on anterior segment
parameters measured by optical biometry in patients with POAG
and PXG. The larger postoperative increase in the ACD values
of PXG patients is likely related to ciliary zonular laxity in these
patients. Future studies are being planned to include larger
patient numbers and a wider variety of glaucoma types and to
utilize different imaging methods like anterior segment OCT and
Pentacam.
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Summary

Objectives: To evaluate surgically induced astigmatism (SIA) in biaxial microincision cataract surgery with enlargement of one corneal
incision during intraocular lens implantation IOL).

Materials and Methods: Data from 683 eyes with cataract that underwent biaxial microincision cataract surgery and IOL were
retrospectively analyzed. The operated eyes were divided into 4 groups defined by final corneal incision length after IOL implantation.
There were 83 eyes with 1.6 mm corneal incisions (group 1) and 200 eyes in each of the 2, 2.4, and 2.8 mm corneal incision groups
(groups 2, 3 and 4, respectively). SIA was assessed using preoperative and postoperative keratometric values at one month.

Results: The mean magnitude of SIA was 0.83+0.4 D in group 1, 0.93+0.5 D in group 2, 1.03+0.6 D in group 3 and 1.04+0.7 D in
group 4. The SIA showed statistically significant differences between the four groups (p=0.05). Pairwise group comparisons revealed
significant differences between groups 1 and 3 and groups 1 and 4 (p=0.005).

Conclusion: Biaxial microincision cataract surgery with an incision size of 1.6 mm resulted in the least SIA. Enlargement of the
corneal incision beyond 2.0 mm during IOL implantation led to significant increases in SIA. We believe that with the development
and dissemination of IOLs which can be inserted through small corneal incisions, biaxial microincision cataract surgery will be the best
choice to prevent SIA and increase visual acuity.

Keywords: Astigmatism, biaxial microincision cataract surgery, phacoemulsification

until much later due to the development of microincision
techniques for phacoemulsification. The use of an unsleeved
phacoemulsification tip in B-MICS separates irrigation and
aspiration. The procedure is performed by making two 1.2-1.5

Introduction

Modern cataract surgery and improved lens technology have
allowed emulsification of the nucleus by phacoemulsification
and implantation of intraocular lenses (IOLs) through smaller
incisions. Creating smaller incisions minimizes damage to tissues
and reduces postoperative pain and inflammation, providing
rapid and stable visual rehabilitation. It also minimizes surgically
induced astigmatism (SIA), one of the main factors influencing
vision quality after cataract surgery.l,2,3:4.5 Microincision
cataract surgery (MICS) can be performed with either micro-
coaxial or biaxial phacoemulsification. With the microaxial
procedure, the size of the corneal incision is reduced from 3.2
mm to 2.2 mm, while in biaxial phacoemulsification (B-MICS)

mm corneal incisions, one for the unsleeved phaco tip, the other
for an irrigating chopper.10,11,12

One of the major problems in B-MICS is IOL implantation,
mainly because it is difficult to insert the lens through the
smaller incisions. After surgery with 1.4 mm incisions, there
are three approaches to IOL implantation: one of the two
existing corneal incisions can be enlarged, a third incision can
be created, or the IOL can be implanted without enlarging the
microincisions.13,14,15,16,17

the cornea incision is between 0.9 and 1.5 mm.6,7.8
Although B-MICS was first described by Shearing et al.9
in 1985, it did not begin to gain acceptance among surgeons

The aim of this study was to investigate how widening a
corneal incision during IOL implantation in B-MICS affects
astigmatism.
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Materials and Methods

Data from 683 eyes with cataract that underwent B-MICS
in Bagakgehir State Hospital and the Dumlupinar University
Faculty of Medicine, Department of Ophthalmology between
January 2011 and April 2014 were analyzed retrospectively.
Patients with any preoperative corneal pathologies or
intraoperative complications were excluded from the study.

Nuclear hardness was evaluated using the Lens Opacities
Classification System II. To investigate the correlation
between nuclear hardness and SIA, nuclear hardness grades
I-II were evaluated as one group and grades III-IV as
another group. Peribulbar anesthesia consisting of 4 ml of
0.0125 mg/ml epinephrine and 2 g/ml lidocaine (Jetokaine®)
were administered to all patients. Superior and temporal
corneal incisions were made. Sodium hyaluronate (3.0%) and
sodium chondroitin sulfate (4.0%) were used to maintain
the anterior chamber and protect the corneal endothelium.
Capsulorhexis of 5.0-5.5 mm diameter was performed with
Utrata forceps. In cases without visible fundus reflex due to
severe cataract, capsulorhexis was completed after staining the
anterior lens capsule with 0.1% trypan blue. The quick-chop
phacoemulsification technique was used with balanced salt
solution hydrodissection and hydrodelineation. The IOL was
implanted through the temporal incision, which was not used
for phacoemulsification, after it was widened to accommodate
the lens. The incision was closed by stromal hydration. Eyes
with Eyecryl micro 262 IOLs implanted through 1.6 mm
corneal incisions comprised group 1; eyes with Optiflex
MO/F-13 IOLs implanted through corneal incisions widened
to 2.0 mm comprised group 2. Group 3 consisted of eyes with
2.4 mm corneal incisions and Acriva UD 613, Zaraccom Focus
Force Basic IOLs, while in group 4 the corneal incisions were
widened to 2.8 mm for Alcon SNG60OAT IOLs. Postoperatively
all patients were administered ofloxacin (Exocin 0.3%) and
1% prednisolone acetate (Pred-Forte) five times a day. In both
clinics keratometry (K) values were measured preoperatively
and 1 month postoperatively using an autorefractometer/
keratometer (Nidek ARK-510A), followed by evaluation of
SIA based on the method developed by Holladay et al.18

Statistical analyses were performed using Statistical
Package for the Social Sciences version 16.0. One-way ANOVA
was used to compare the four groups. Post hoc analysis was
used for pairwise comparisons.

Results

Table 1 presents patient age, sex, nuclear hardness grades,
and pre- and postoperative mean K values of 683 eyes
in 4 groups based on corneal incision size during biaxial
microincision phacoemulsification surgery. SIA was 0.83+0.4
diopter (D) in group 1, 0.93+0.5 D in group 2, 1.03+0.6 D in
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group 3 and 1.04+0.7 D in group 4. Comparison of the four
groups revealed a statistically significant difference (p=0.05).
In pairwise group comparisons, group 1 was significantly
different than groups 3 and 4 (Figure 1, Table 2).

Each group was divided into tertiles according to
preoperative K values. In group 1, the mean SIA was 0.93+0.4
D in the highest K tertile versus 0.79+0.4 D in the lower
two tertiles (p=0.216). These values were 1.00+0.7 D and
0.89+0.5 D in group 2 (p=0.251), 1.08+0.7 D and 1.00+0.5
D in group 3 (p=0.436), and 0.97+0.6 D and 1.07+0.8 D in
group 4 (p=0.384).

In each group, mean SIA values in eyes with grade I-II
nuclear hardness and grade III-IV nuclear hardness were
compared. In group 1, SIA was 0.75+0.4 D in grade I-II
versus 0.92+0.5 D in grade III-IV (p=0.129). These values
were 0.83+0.5 D and 1.01+0.5 D in group 2 (p=0.032),
0.96+0.6 D and 1.07+0.7 D in group 3 (p=0.265), and
1.00+0.7 D and 1.08+0.8 D in group 4 (p=0.470).

Discussion

With the steady reduction of corneal incision sizes and
the realization that astigmatism may be corrected during
the procedure, cataract surgery is increasingly accepted as
a refractive surgery as well as a sight-restoring operation.
Accordingly, patients’ expectations of having excellent
uncorrected near and distance vision postoperatively are
increasing. However, SIA impacts both best visual acuity and
visual rehabilitation time and continues to be a major concern
for surgeons, who have attempted to minimize the problem by
adjusting the location and size of the corneal incisions.

In the B-MICS procedure, the number of corneal incisions
was reduced from the traditional three to two, and their size
was reduced from the 2.2-3.2 mm range to 1.5 mm or less.
B-MICS provides better anterior chamber stabilization and

Mean SIA (diopters)

Greuy & Creug I ¢ g oy 4

Cormaal incislon gqreup

Figure 1. Comparison of the surgically induced astigmatic changes in the study
groups. SIA: Surgically induced astigmatism
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Table 1. Demographic and clinical characteristics of the patients by group
Group 1 Group 2 Group 3 Group 4 P

Corneal incision length (mm) 1.6 2.0 2.4 2.8
Number of patients/eyes 75/83 180/200 179/200 187/200
Age (years, mean = SD) 61.5+9.45 61.4+9.39 62.8+8.9 62.9+8.9 0.283
Sex (Female/Male) 33/42 83/97 91/88 99/87
Preop mean K (D) 43.5£1.59 43.7+1.53 44.02+1.57 43.67+1.72 0.076
Postop mean K (D) 434+1.55 43.7+1.54 44.02+1.59 43.7+1.84 0.033
SIA (D) 0.83+0.4 0.93+0.5 1.030.6 1.040.7 0.05
Nuclear hardness
Grade I (n, %) 4 (4.8%) 7(3.5%) 12 (6%) 6(3%)
Grade II (n, %) 38 (45.8%) 86 (43%) 68 (34%) 87 (43.5%)
Grade I1I (n, %) 30 (36.1%) 88 (44%) 102 (51%) 95 (47.5%)
Grade IV (n, %) 11 (13.3%) 19 (9.5%) 18 (9%) 12 (6%)
SD: Standard deviation, K: Keratometry value, Preop: Preoperative, Postop: Postoperative, SIA: Surgrically induced astigmatism, D: Diopter
Table 2. Pairwise comparisons of surgically induced astigmatic changes in groups with different corneal incision lengths (mm)

P1.6-2.0 P1.6-2.4 P1.6-28 P2.02.4 P2.0-2.8 P2.4e-2.8
SIA p value 0.681 0.049 0.046 0.650 0.690 0.737
SIA: Surgically induced astigmatism

faster healing. The procedure also creates less damage to
tissues adjacent to the cornea and substantially reduces SIA
and corneal aberrations.19:20 Despite the studies that have
reported successful outcomes with IOLs that can be implanted
through small incisions, these lenses may not be practical due
to their excessive cost or lack of multifocal or toric versions.
Therefore, corneal incision enlargement may be necessary after
B-MICS, which poses a limitation to this method.8,17

In this study we evaluated how enlarging the corneal
incision not used for phacoemulsification in order to implant
the IOL after benefiting from the advantages of B-MICS
affects SIA. Masket and Tennen2! observed corneal curvature
stabilization in postoperative week 2 in patients with corneal
incisions <3 mm. Using this study as a reference, in the
current study we used K values from postoperative 1 month
to calculate SIA.

Wang et al.22 evaluated astigmatism resulting from
microincision and small incision cataract surgery and found
astigmatism values of 0.5+0.5 D for 2.2 mm incisions,
0.6=0.5 D for 2.6 mm incisions and 0.9:0.9 D for 3.0
mm incisions. Although the difference between 2.2 and

2.6 mm was insignificant, there was a significant difference

between 2.2 mm and 3.0 mm. In the same study, the authors
concluded that 2.2 mm and 2.6 mm incisions lead to lower
SIA and earlier refractive stabilization, thus allowing for
more rapid visual rehabilitation. In a study by Can et al.23
comparing coaxial, micro-coaxial and biaxial MICS, based
on the final incision length after IOL implantation, 2.83
mm incision caused astigmatism of 0.46 D, 2.26 mm caused
0.24 D and 1.89 mm caused 0.13 D astigmastism, which
was a statistically significant difference. Kaya et al.24 found
that in 25 cases, enlarging the corneal incision from 1.5 mm
to 2.0 mm for IOL implantation after phacoemulsification
resulted in astigmatism of 0.44+0.36 D. In the present study,
although we did not detect a significant difference between
the amount of induced astigmatism in eyes that underwent
1.6 mm B-MICS and eyes with incisions enlarged to 2.0 mm,
there were significant differences between eyes with 1.6 mm
incisions and those with 2.4 mm and 2.8 mm incisions.
Although there are studies reporting no difference between
B-MICS, MICS and standard phacoemulsification procedures
in terms of effective phaco time, total phaco time and total
surgery time, some studies have demonstrated shorter effective
phaco time and longer phaco time in B-MICS.25,26,27,28
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Effective phaco time is shorter and total phaco time is longer
with hard cataracts, but no significant differences emerged
in our analysis of the association between SIA and cataract
severity. Furthermore, we found no significant difference
between SIA in eyes with the highest K values versus eyes
with lower K values.

Conclusion

In summary, enlarging corneal incisions up to 2.00 mm
to implant the IOL after B-MICS does not significantly
increase SIA. However, as incision size increases to 2.8 mm,
the difference in SIA becomes significant. Regardless of
the need to enlarge small incisions to accommodate IOLs
during implantation, having two small incisions in B-MICS
provides better control of the anterior chamber and therefore
can reduce intraoperative complications. Despite an SIA
difference of up to 0.21 D, B-MICS is preferrable due to its
faster postoperative visual rehabilitation. We believe that the
development and widespread availability of IOLs implantable
through microincisions will increase the value of B-MICS in
cataract surgery.
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Summary

Objectives: To evaluate ocular surface health in obstructive sleep apnea syndrome (OSAS) and to investigate the tendency of these
patients toward dry eyes.

Materials and Methods: Fifty patients who underwent polysomnography and were diagnosed with OSAS and 50 normal control
subjects were compared with respect to ocular surface disease index (OSDI), Schirmer I test and tear film break-up time (TBUT) values.
Results: Patients were grouped as mild (n=15, 30%), moderate (n=15, 30%) and severe (n=20, 40%) according to apnea-hypopnea
index values. The right eyes of patients were included in both groups. OSDI values were as follows: control group, 18.7+8.5; mild OSAS
group, 40.2+2.8; moderate OSAS group, 48.5+2.2 and severe OSAS group, 62.7+2.3 (p<0.001). TBUT values were as follows: control
group, 12.3+4.9; mild OSAS group, 8.2+4.7; moderate OSAS group, 5.8+2.1 and severe OSAS group, 4.2+3.7 (p<0.001). Schirmer
values were as follows: control group, 18+6.1 mm; mild OSAS group, 12.9+6.7 mm; moderate OSAS group, 8.5+5.2 mm and severe
OSAS group, 7.9+4.7 mm (p<0.001).

Conclusion: Patients with OSAS seem to have a tendency toward dry eyes. Clinicians should be aware of dry eye development in
these patients.

Keywords: Dry eye, obstructive sleep apnea syndrome, ocular surface health

the development of dry eye to the inflammatory etiology of
OSAS.411 The aim of this study was to investigate the ocular
surface health of patients with OSAS and evaluate their tendency
toward dry eyes.

Introduction

Obstructive sleep apnea syndrome (OSAS) is characterized
by repeated episodes of complete or partial obstruction of the
upper respiratory tract during sleep.! Left untreated, OSAS

Materials and Methods

Eighty patients who presented to the Gazi University
Department of Chest Diseases Sleep Center outpatient clinic for
snoring and excessive daytime sleepiness underwent an overnight
PSG test and ophthalmological examination. Fifty patients
with apnea-hypopnea index (AHI) values over 5 based on their

can lead to many medical complications and even death.2 The
gold standard in OSAS diagnosis is polysomnography (PSG).
Studies have demonstrated associations between OSAS and
Floppy eyelid syndrome (FES), nonarteritic ischemic optic
neuropathy, glaucoma, pseudotumor cerebri and various corneal
problems.3-4:5,6,7,8,9 OSAS patients have been observed to exhibit

FES, papillary conjunctivitis, punctate corneal epitheliopathy,
recurrent corneal erosion, keratitis and keratoconus.3-4,3,9,10
FES has been the focus of many studies, which attributed

PSG results were included in the study group. Individuals with
no complaints like excessive daytime sleepiness, snoring, or
obstructive apneal? and no known systemic or ocular diseases

Address for Correspondence: Emine Esra Karaca MD, Sorgun State Hospital, Ophthalmology Clinic, Yozgat, Turkey
Phone: +90 536 878 22 36 E-mail: emineesra@yahoo.com Received: 01.06.2015 Accepted: 13.08.2015
This article is also published in Turkish under doi:10.4274/tjo.57778 pages 2016;46:104-108.

104



Karaca et al, Dry Eye in Sleep Apnea

were chosen for the control group. The study was approved by
the Gazi University Faculty of Medicine Ethics Committee.
Aside from apnea, patients in the OSAS group had no systemic
or ocular diseases. Twenty-five patients with FES and 5 patients
with systemic or ocular disease were excluded from the study. A
total of 50 OSAS patients and 50 control subjects were included
in the study. OSAS severity was determined based on PSG results
as follows: mild, AHI values of 5-15; moderate, AHI values of
15-30; severe, AHI values =230.

Before starting continuous positive airway pressure (CPAP)
treatment, patients underwent a complete ophthalmological
examination including visual acuity assessment, slit-lamp
examination, intraocular pressure (IOP) measurement and
fundoscopy. In addition to the routine eye exam, patients
responded to the ocular surface disease index (OSDI)
questionnaire, and their Schirmer I test scores and tear film
break-up times (TBUT) were recorded. The study participants’
right eyes were included for both groups.

The OSDI questionnaire consists of three main sections
concerning ocular symptoms, visual function and environmental
factors.13 Each item on the questionnaire is scored from 0 to
4 points. The OSDI score is obtained by summing the points
received from the 12 items, multiplying by 25, then dividing by
the number of questions answered.14

The Schirmer I test was performed by placing a 5x35 mm
strip of standard filter paper in the lower eyelid one-third of
the distance from the lateral canthus and recording the distance
wetted in mm after 5 minutes. TBUT was evaluated by
examining the fluorescein-stained tear film with biomicroscope
with cobalt blue light and measuring the time between a blink
and the first appearance of a dry spot.

All statistical analyses and calculations were done with
SPSS version 15.0 (SPSS Inc., Chicago, IL, USA) software
package. Descriptive statistics are expressed as mean =
standard deviation. The Shapiro-Wilk test to determine
normality of distribution showed the data were not normally
distributed. The chi-square test was used in comparisons
of qualitative data; the Mann-Whitney U test was used
in comparisons of quantitative data. Spearman correlation
analysis was used to detect associations between variables.
Results of all statistical analyses were evaluated within a 95%
confidence interval and p values less than 0.05 were accepted
as significant.

Results

Of the 50 OSAS patients in the study, 39 (78%) were male,
11 (22%) were female and the mean age was 48.01+10.8 (range,
19-68) years. Of the 50 control subjects, 28 (56%) were male,
22 (44%) were female and the mean age was 46.9+12.2 (range,
32-75) years. There were no significant differences between the
groups in terms of age or sex (p=0.07, Kruskal-Wallis H test;
p=0.06, Pearson chi-square test, respectively). According to
AHI scores, OSAS was mild in 15 patients (30%), moderate in
15 patients (30%) and severe in 20 patients (40%) (Table 1).

The mean OSDI scores, TBUTs and Schirmer test values
of the OSAS and control groups are presented in Table 2.
OSDI score was 18.7+8.5 in the control group versus 40.2+2.8
in mild OSAS, 48.5+2.2 in moderate OSAS and 62.7+2.3
in severe OSAS groups; the difference between groups was
significant (p<0.001).

TBUT values were 12.3+4.9 s in the control group and
8.2+4.7 s, 5.8+#2.1 s and 4.2+3.7 s in the mild, moderate
and severe OSAS groups, respectively; the difference between
groups was significant (p<0.001). Schirmer test values were
18+6.1 mm in the control group versus 12.9+6.7 mm,
8.5+5.2 mm and 7.9+4.7 mm in the mild, moderate and severe
OSAS groups, respectively; this intergroup difference was also
significant (p<0.001).

Body mass index (BMI), AHI severity, and mean oxygen
saturation, lowest oxygen saturation and arousal index scores
acquired during PSG were significantly correlated with OSDI
scores, TBUT and Schirmer test values (p<0.001) (Table 3).

Discussion

The tear film layer has a complex structure, and normal
functioning of the various lacrimal functional unit components
is necessary for a healthy tear film layer and ocular surface.15,16
Both local and systemic diseases can affect normal tear function
and lead to dry eye. The systemic diseases most often accompanied
by dry eye are Sjogren’s syndrome and rheumatoid arthritis.17,18
Besides autoimmune diseases, dry eye can also be caused by many
other systemic diseases including diabetes mellitus, multiple
sclerosis and vitamin A deficiency.19-20 In the present study we
applied the OSDI, Schirmer test and TBUT analysis in order to
evaluate the tendency of OSAS patients toward dry eyes.

Dry eye increases with age and is among the diseases that
limit daily activities and seriously impact quality of life due to
visual impairment and ocular discomfort.2! In dry eye, increased
tear osmolarity and inflammation cause ocular surface damage.22
The lacrimal functional unit consists of the main and accessory
lacrimal glands, cornea and conjunctival epithelium, eyelids and
meibomian glands; dysfunction in any one of these components
can lead to reduced tear production, tear film layer instability
and increased tear osmolarity, resulting in ocular surface
damage characterized by ocular discomfort and inflammation.21
Inflammation plays a key role in the pathogenesis of dry eye,
which is an inflammatory disease of the lacrimal glands and
ocular surface.22,23 The ocular surface inflammation seen in dry
eye typically develops as a result of increased tear osmolarity,
accumulation of proinflammatory cytokines secreted by the
lacrimal glands on the ocular surface and delayed clearing by
tears.21 In OSAS, levels of proinflammatory cytokines like tumor
necrosis factor alpha, interleukin-1 and interleukin-6 are elevated
due to chronic intermittent hypoxia.24 Cytokines released from
dilated conjunctival vessels and damaged epithelium cells create
a continual state of inflammation.2> As OSAS patients’ AHI
increases, so do mechanical tissue stress, hypoxia levels and ocular
surface inflammation, which in turn cause meibomian and goblet
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Table 1. Patients’ demographic, polysomnographic and ophthalmologic characteristics according to apnea-hypopnea index

Control (n=50) Mild OSAS Moderate OSAS Severe OSAS (n=20) | p value
(n=15) (n=15)
Gender (n, %) Female 22 (44) 6 (40) 2(13) 3(15) 0.062
Male 28 (56) 9 (60) 13 (87) 17 (85)

Age (years) 46.9+12.2 42.1+10.8 52.6+10.6 49.1:9.2 0.07b
(32-75) (19-64) (29-68) (35-65)

BMI 25.9:3.6 26.5+3.2 31.1:4.5 32.7:4.9 <0.001b
(20-35) (22-33) (24-39) (28-48)

AHI 23813 12.1:3.3 26.7+3.7 62.2+20.5 <0.001b
(0-4.7) (6-15) (20-30) (38-106)

mSO, 93.7+1.9 93.1:1.5 90.8+2.8 89.3+3.9 <0.001b
(90-97) (91-96) (86-96) (76-93)

LSAT 80.3:2.4 85.2+4.6 79.4+7.2 72.6:10.8 <0.001b
(83-94) (75-92) (66-91) (46-84)

TBUT (s) 12.3:4.9 8.2:4.7 5.8+2.1 42+3.7 <0.001b
(5-18) (1-16) (2-8) (1-12)

Schirmer test (mm) 18+6.1 12.9+6.7 8.5+£5.2 7.9+4.7 <0.001b
(8-27) (3-26) (5-25) (3-15)

OSDI Score 18.7+8.5 40.2:2.8 48.5+2.2 627423 <0.001b
(6-58) (2-90) (4-75) (11-88)

aPearson’s chi-square test, PKruskal-Wallis H test
OSAS: Obstructive sleep apnea syndrome, n: Number of patients, BMI: Body mass index, AHI: Apnea-hypopnea index, mSO,: Mean oxygen saturation, LSAT: Lowest oxygen saturation, TBUT:

Tear film break-up time, OSDI: Ocular surface disease index

Table 2. Statistical differences between groups

Mild Moderate Severe Mild-moderate | Mild-severe Moderate-severe
OSAS-control OSAS-control OSAS-control OSAS OSAS OSAS

TBUT (s) 0.007 <0.001 <0.001 0.23 0.009 0.04

Schirmer test (mm) 0.02 <0.001 <0.001 0.04 0.02 0.61

OSDI score 0.02 <0.001 <0.001 0.23 0.01 0.05

Mann-Whitney U test with Bonferroni correction; p<0.016 was accepted as statistically significant
OSAS: Obstructive sleep apnea syndrome, TBUT: Tear film break-up time, OSDI: Ocular surface disease index

Table 3. Correlation coefficients and significance values between obstructive sleep apnea syndrome and dry eye parameters

TBUT Schirmer test OSDI score

p pP? p p? p p?
Gender -0.19 0.06 -0.16 0.09 0.23 0.03
Age -0.22 0.02 -0.17 0.08 0.13 0.19
BMI -0.38 <0.001 -0.35 <0.001 0.41 <0.001
AHI -0.56 <0.001 -0.52 <0.001 0.64 <0.001
mSO, 0.41 <0.001 0.46 <0.001 -0.48 <0.001
LSAT 0.52 <0.001 0.49 <0.001 -0.59 <0.001
Arousal index -0.41 <0.001 -0.35 <0.001 0.53 <0.001

ASpearman’s correlation; p<0.016 was accepted as statistically significant, p (tho): Correlation coefficient, p; p value

TBUT: Tear film break-up time, OSDI: Ocular surface disease index, BMI: Body mass index, AHI: Apnea-hypopnea index, mSO,: Mean oxygen saturation, LSAT: Lowest oxygen saturation

cell function loss, decreased corneal sensitivity and reduced tear The OSDI questionnaire is easily applied and is one of the
production in response to stimulation to the lacrimal glands.!! standard methods for symptom assessment and diagnosis in
The loss of meibomian glands and conjunctival goblet cells is dry eye syndrome.13,26 The Turkish translation of the OSDI
reflected clinically as a deterioration in tear film quality.1! is reliable?7 and is currently used in practice and research. In
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the present study, OSDI scores were significantly higher in the
moderate and severe OSAS groups compared to the control
group (p<0.001). In the only other study conducted on this
topic, Acar et al.1l also found significantly higher OSDI scores
in the severe OSAS group. In their study, the high OSDI scores
were associated with reduced TBUT.!! Similarly, we found that
all OSAS severity groups exhibited significantly shorter TBUT
compared to controls (p<0.016). Mojon et al.4 investigated
eyelid, conjunctival and corneal findings in 72 OSAS patients
and observed reductions in the TBUT of OSAS patients. We
also found that Schirmer test results were significantly lower
in the moderate and severe OSAS groups compared to the
control group (p<0.001). Furthermore, significant positive
correlations emerged between OSDI score and both AHI and
BMI. As AHI and BMI increased, TBUT and Schirmer values
fell significantly.

The assessment of eyelid problems and ocular surface health
in OSAS patients has attracted the attention of some researchers.
In particular, the frequency of FES in OSAS patients and the
pronounced dry eye symptoms that occur in these patients have
led to research focusing on OSAS patients with FES.28,29,30
Mojon et al.4 detected a positive correlation between respiratory
distress index and the frequency of FES. Similarly, Acar et
al.11 found that increasing AHI was positively correlated with
frequency of FES. Some studies have reported OSAS and FES
coinciding at very low rates (4.5-5%).30,31 In order to avoid FES
as a confounding factor in our study, we excluded these patients.

This study focused on patients newly diagnosed with OSAS
and included only patients who were not being treated with
CPAP Patients undergoing CPAP therapy may experience ocular
complications such as dryness and irritation due to air escaping
from the mask.32 Furthermore, air exposure through the mouth
and nose can lead to bacterial conjunctivitis.33

A novel aspect of this study is the exclusion of patients with
FES, which frequently accompanies OSAS. Even without FES,
our results indicate that OSAS patients have a tendency toward
dry eyes. Therefore, clinicians should be aware of the possibility
of dry eye development in OSAS patients. Studies with larger
patient groups are necessary to further our understanding of the
pathogenesis of the disease.
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Summary

Objective: To evaluate clinical features, complications, visual outcomes and treatment modalities in patients clinically diagnosed with
herpetic anterior uveitis (AU).

Materials and Methods: We retrospectively reviewed the medical records of 67 patients seen at the Umraniye Training and Research
Hospital, Ophthalmology Clinic, Uveitis and Cornea Department from January 2009 to June 2013.

Results: Thirty-seven patients (55.2%) were female and 30 (44.7%) patients were male. The average follow-up period was 12.9 =
10.6 months (range: 1-45 months). The most common ocular findings were granulomatous keratic precipitates (KPs) (82.2%), corneal
involvement (62.6%), iris atrophy (41.7%) and transient elevated intraocular pressure (IOP) (40.2%). Recurrences were observed in
46.2% of the eyes and the median recurrence rate was 1.0 during the follow-up period. Topical steroids and oral antiviral (acyclovir)
therapy were applied to all patients during active episodes. Long-term oral acyclovir was used in 29.8% of the patients. Recurrence rates
were significantly lower in patients who used oral acyclovir for more than 6 months, whereas complications rates and final visual acuity
did not show any difference between groups. Final visual acuity was better than 20/40 in 61.1% of eyes, and visual impairment was due
to corneal scarring or cataract formation.

Conclusion: Herpetic AU can present with or without corneal involvement. Granulomatous KPs, iris atrophy and elevated IOP are
important clinical findings for the diagnosis of cases without corneal involvement. Long-term oral acyclovir treatment (more than 6
months) and is important to decrease recurrence rates and possible complications. Visual prognosis is favorable in cases without corneal
scarring.

Keywords: Elevated intraocular pressure, granulomatous keratic precipitates, herpetic anterior uveitis, iris atrophy, oral acyclovir

Introduction treatment modalities and visual outcomes in a tertiary referral
. . . . . . . center.
Herpetic anterior uveitis (AU) is a major cause of infectious
. . el .
AU in both developed and developing countries! and accounts Materials and Methods

for 5% to 10% of all uveitis cases seen at referral centers.2,3-4

Several molecular techniques have been used to identify causative
agents, which include herpes simplex virus, varicella zoster virus
and cytomegalovirus (CMV).5.6,7 However for both accessibility
and economic reasons, characteristic clinical findings give the
most important clues in the diagnosis of herpetic AU. It is
possible to decrease recurrences and prevent vision-threatening
complications such as keratitis, glaucoma and cataract in
herpetic AU with an early and accurate diagnosis. In the present
study, we describe the clinical findings which are helpful in
the diagnosis of herpetic AU and analyze its complications,

We retrospectively analyzed the medical records of 67
patients clinically diagnosed with herpetic AU at the Uveitis and
Cornea Service of the Umraniye Training and Research Hospital
from January 2009 to June 2013. Institutional Review Board
approval and informed consent from each patient was obtained
for the study.

A detailed ocular and medical history was obtained from all
patients. A complete ocular examination including best-corrected
Snellen visual acuity, slit-lamp biomicroscopy, tonometry and
indirect ophthalmoscopy was performed at each visit. Anterior
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segment photography was performed when indicated. SUN
criteria were used for reporting our clinical data.8 In patients
without corneal disease, the diagnosis of herpetic AU was based
on clinical findings such as recurrent unilateral inflammatory
attacks in the same eye, acute elevation of the intraocular pressure
(IOP) I0P>22 mmHg) during inflammatory episodes, diffusely
distributed or localized granulomatous keratic precipitates (KPs),
patchy or sectoral iris atrophy with or without transillumination
defects and distorted pupil or spiraling of the iris.9

Other causes of infectious or non-infectious uveitis were
excluded in patients who did not have corneal involvement or
the typical iris atrophy at presentation. A diagnostic workup
including complete blood count, liver and kidney function tests,
human leukocyte antigen-B27 typing, syphilis serology, chest
X-ray, tuberculin skin test and serum angiotensin converting
enzyme assay was performed on each patient.

During active AU episodes, patients received oral antiviral
treatment (acyclovir), topical anti-inflammatory treatment
(topical prednisolone acetate) and/or topical mydriatic agents
(tropicamide 1%, cyclopentolate 1% eye drops). Anti-
glaucomatous therapy, including topical beta-blockers, alpha-
adrenergic agonists and topical or oral carbonic anhydrase
inhibitors was initiated in indicated patients. Patients clinically
diagnosed with herpetic AU were treated with oral acyclovir
800 mg 3-5 times per day during the active episode and oral
acyclovir dosage was maintained at 800 mg daily after the
first attack. Once the inflammation was under control, topical
corticosteroids were gradually tapered over several months. In
order to control inflammation, a long-term, low dose topical
steroid (one drop every other day) was continued in patients
who showed recurrences after drug cessation. Topical acyclovir
ointment was administered to patients with active dendritic
keratitis and topical corticosteroids were initiated after epithelial
keratitis healed.

Patient demographic features, ocular findings, complications,
treatment regimens, recurrences, visual acuity and follow-up
period were retrospectively analyzed.

Data were analyzed with SPSS version 22 statistical analysis
software (SPSS Inc., Chicago, USA) Student’s t-test was used for
comparisons between two groups of parameters showing normal
distribution and the Mann Whitney U-test was used for those
parameters not showing normal distribution. In the comparison
of qualitative data, Fisher’s exact test and Yates Continuity
Correction test were used. Levels of significance were accepted
as p<0.05.

Results

Our study included 67 eyes of 67 patients. Thirty-seven
patients (55.2%) were female and 30 (44.8%) patients were
male. The mean age at presentation was 38.5+18.1 years (range:
3-82 years). The average follow-up period was 14.9+8.6 months
(range: 6-45 months). All patients had unilateral involvement.
At presentation and during follow-up, 25 eyes (37.3%) had AU
without corneal involvement and 42 eyes (62.6%) had AU with
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corneal involvement. Of these 42 eyes, 25 (59.5%) exhibited
stromal keratitis or endotheliitis, 10 (23.8%) had corneal
scarring, 5 (11.9%) had epithelial keratitis and 2 (4.7%) had
limbal vasculitis. Of the 67 patients, 30 had been diagnosed
with uveitis elsewhere and herpetic AU had been diagnosed
in 11 (36.6%) of these before referral to our clinic. Corneal
involvement was present in all patients who were referred with
the correct diagnosis.

During the follow-up period, a total 120 acute episodes
(67 at presentation and 53 during follow-up) were recorded in
67 eyes. The clinical findings at each visit were recorded from
patient charts. Granulomatous KPs were the most common
findings and were recorded in 55 eyes (82%) at least once
during follow-up. Granulomatous KPs are medium to large
size (mutton fat) (Figure 1) and scattered diffusely or localized
under corneal lesions. Fine KPs were observed in the remaining
12 eyes during follow-up. An IOP higher than 21 mmHg
during at least one visit was observed in 27 eyes (40.2%).
Short-term anti-inflammatory and anti-glaucomatous therapy
was applied and IOP was normalized in 19 eyes. Continuous
anti-glaucomatous therapy was required in the remaining 8 eyes
(11.9%) and 2 of them underwent trabeculectomy. At the final
visit, patchy or sectoral iris atrophy was seen in 28 eyes (41.7%)
and transillumination defects (Figure 2) were present in 10
eyes (14.9%). Pupil distortion without posterior synechiae was
observed in 24 eyes (35.8%). Posterior synechiae were noted in
9 eyes (13.4%) and posterior subcapsular cataract developed in 7
eyes (10.4%) (Table 1).

The median recurrence rate during the follow-up period was
1.0. There was no recurrence in 36 eyes during the follow-up
period, while 31 eyes (46.2%) had a total of 53 recurrences.
Of the 53 recurrences, 31 (58.4%) exhibited AU, 16 (30.1%)
keratouveitis, and 6 (11.3%) keratitis.

Topical corticosteroids were administered to all patients
and maintained in 20 patients at very low doses for more than
6 months. The patients with active dendritic keratitis were
treated first with topical acyclovir; if uveitis was present, topical
steroids were added after the epithelial lesions healed. One
patient with dense mutton fat granulomatous KPs received

Table 1. Ocular findings and complications in 67 eyes clinically
diagnosed with herpetic anterior uveitis

Findings/complications Number (%) of eyes
Granulomatous keratic precipitates 55 (82.2%)

Corneal involvement 42 (62.6%)

Iris atrophy =+ transillumination 28 (41.7%)

Transient IOP elevation 27 (40.2%)

Pupil distortion without synechia 24.(35.8%)

Posterior synechia 9 (13.4%)

Permanent IOP elevation 8(11.9%)

Posterior subcapsular cataract 7 (10.4%)

IOP: Intraocular pressure
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short-term oral corticosteroid therapy. Oral acyclovir treatment
was administered to all patients during active keratouveitis and
uveitis episodes and was used for more than 6 months in 20
patients (29.8%). Recurrence rates, complication rates, and final
visual acuity were compared between patients who were under
oral acyclovir treatment for shorter and longer than 6 months.
Recurrence rates were significantly lower in patients who used
oral acyclovir for more than 6 months, whereas complication
rates and final visual acuity did not show any differences between
groups (Table 2). Oral acyclovir treatment was discontinued in
8 patients who showed no recurrences during at least 1 year of
treatment. Five of these patients experienced recurrences after
drug cessation.

Visual acuity at the initial visit was >20/40 in 28 eyes
(41.7%), whereas visual acuity at the final visit was >20/40 in
41 eyes (61.1%). Visual acuity less than 20/40 was due to corneal
scars in 19 eyes and lens opacity in 7 eyes.

We did not find statistically significant differences in
complications and recurrence rates when we compared herpetic

AU eyes with or without corneal involvement (p>0.05) (Table 3).

Table 2. Comparison of recurrence rates, complication rates
and visual improvement between patients who were under
oral acyclovir treatment for shorter or longer than 6 months

Oral acyclovir treatment

>6 months | <6 months | p valuet

(0n=20) (%) | (n=47) (%)
Transient IOP elevation 7 (35%) 20 (42.5%) 0.564
Iris atrophy + 5 (25%) 23 (48.9%) 0.069
transillumination
Pupil distortion without 5 (25%) 19 (40.4%) 0.228
synechia
Posterior synechia 2 (10%) 7 (14.8%) 0.590
Persistent IOP elevation 2(10%) 6(12.7%) 0.749
Posterior subcapsular cataract | 3 (15%) 4(8.5%) 0.426
Recurrence 5 (25%) 26 (55.3%) 0.022%
Final visual acuity 220/40 13 (65%) 28 (59.5%) 0.676

: Fisher's exact test, *: Statistically significant, IOP: Intraocular pressure

Discussion

Although herpetic eye disease may occur as a result of primary
or recurrent infection, herpetic AU usually occurs as a recurrent
infection. Viral replication and immunologic response may both
have roles in the pathogenesis of herpetic AU.10,11 Herpetic AU

is a clinical diagnosis. Confirmation of the diagnosis relies on

Figure 1. Slit-lamp photograph shows large granulomatous keratic precipitates of
a patient with herpetic anterior uveitis

Figure 2. Slit-lamp photograph shows a transillumination defect in the left eye of
a patient with herpetic anterior uveitis

Table 3. Complications in eyes with or without corneal involvement

With corneal involvement (n=45) Without corneal involvement (n=22) p values
Recurrence rate, 1.23+0.96 (1) 1.37+0.59 (1) 10.336
mean + SD (median)
Complications, n (%)
Iris atrophy + transillumination 16 (38%) 12 (48%) 20.138
Pupil distortion without synechia 16 (38%) 8 (32%) 21.000
Posterior synechia 6(14.2%) 3 (12%) 21.000
Secondary glaucoma 4(9.5%) 5 (20%) 20.161
Posterior subcapsular cataract 5(11.9%) 2 (8%) 30.664
n: Number, SD: Standard deviation, 1: Mann-Whitney U test, 2: Continuity correction (Yates') test, 3: Fisher's exact test
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polymerase chain reaction analyses of intraocular fluids, but in
clinical practice characteristic clinical features are important for
early diagnosis and treatment.

In the current study, corneal involvement was detected in
more than half of the patients with herpetic AU and was present
in all of the accurately diagnosed referral patients. This result
shows that corneal involvement is an important clinical feature
that facilitates the diagnosis. However, the large proportion
of referred cases without corneal involvement emphasizes the
importance of recognition of the other diagnostic clinical
features of herpetic AU. In such cases, other clinical findings
of the anterior segment should be indicative of herpetic AU. In
this study, the most common ocular findings and complications
during follow-up were granulomatous KPs, transient IOP
elevation and iris atrophy.

The most frequently encountered ocular finding was
granulomatous KPs, which were present in 82% of eyes. These
granulomatous KPs were scattered diffusely on the posterior
surface of the cornea or remained localized under the corneal
lesions. Recently two separate publications from Turkey reported
different rates of granulomatous KPs. Nalcacioglu-Yiiksekkaya
et al.12 found a 38% rate of granulomatous KPs, whereas Tugal-
Tutkun et al.13 found granulomatous KPs in 93% of their
patients, which supports our finding.

Inflammation of the trabecular meshwork may lead to a
transient increase in IOP. However, long-term use of topical
steroids and trabecular meshwork scarring due to chronic and
frequent inflammation can cause a persistent increase in IOP.
Transient IOP increase was found in 40.2% of our cases and treated
with short-term topical anti-glaucomatous therapy. Secondary
glaucoma developed in 13.4% of cases and was treated with
continuous topical anti-glaucomatous therapy. Glaucoma surgery
was performed on two of the secondary glaucoma cases. Different
results have been reported from other publications. Van der Lelij
et al.14 reported elevated IOP in 90% of their cases. However, it
is not specified whether this elevation was transient or persistent.
Although Tugal-Tutkun et al.13 reported transient IOP elevation
in 51% of their cases, only 1.8% of them progressed to secondary
glaucoma. In a recent Turkish study, secondary glaucoma was
found in 31.8% of subjects.12 Different approaches in long-term
steroid regimens might be an explanation for the variation in the
rate of secondary glaucoma in the aforementioned reports.

Patchy or sectoral iris atrophy in herpetic uveitis is associated
with transillumination defects. Tugal-Tutkun et al.13 reported
iris atrophy in 48% of patients and Nalcacioglu-Yiiksekkaya et
al.12 reported it in 49%, both of which are similar to our rate
of 41.7%. There are also other uveitic entities associated with
iris atrophy. Diffuse iris atrophy causing loss of the corrugated
texture of the iris stroma may develop in Fuchs’ Uveitis
syndrome (FUS).15 The chronic course of FUS and diffusely
scattered KPs with stellate extensions may be helpful in the
differential diagnosis. CMV-related AU may also cause sectoral
iris atrophy with recurrent hypertensive attacks. Unlike herpetic
AU, refractory glaucoma tends to develop more commonly in
CMV AU.16 Distorted pupils are another clinical feature seen in
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herpetic AU. In the current study pupil distortion was observed
in 35.8% of cases. Distorted pupils were reported in 20.3% of
cases by Nalcacioglu-Yiiksekkaya et al.12 and 25% of cases by
Tugal-Tutkun et al.13

Oral antiviral agents and topical steroids are the currently
used treatment modalities for patients with herpetic AU. The
efficacy of prophylactic oral acyclovir is evidenced by a decrease
in the number of recurrences of herpetic eye disease.1” Sudesh and
Laibson!8 recommended a daily maintenance dose of acyclovir for
a minimum of two years after the first uveitis attack. Similarly,
in the current study prophylactic oral acyclovir was initiated in
all patients after the first uveitis attack. Nearly half (46.2%) of
the patients showed recurrences during a mean follow-up period
of 12.9 months. However, we found that recurrence rates were
significantly lower in patients who used oral acyclovir treatment
for longer than 6 months. Topical steroids were also initiated
in all patients with uveitis attacks and tapered very gradually
to prevent severe rebound attacks. We tried to find a threshold
steroid dosage to maintain remission in some patients and used
this low dose regimen as a long-term treatment.

Visual prognosis was favorable in spite of the frequent
recurrence rate. In our series, the visual outcome of herpetic
AU was 220/40 in 61.1% of eyes. This is similar to the results
reported by Nalcacioglu-Yiiksekkaya et al.12 Visual impairment
in the current study was associated with corneal scars and lens
opacity. In addition, the present study reports the outcomes of
both primary diagnoses of herpetic AU in our clinic (37 out of
67) and referred patients with uveitis of unknown etiology (30
out of 67). As a result, we could not include the recurrences and
survey of referred patients until the diagnosis. This finding may
be evaluated as a weak point of the study since the follow-up
period and recurrence rate reported might not represent the real-
life experience of patients with herpetic AU.

Conclusion

Herpetic AU is usually associated with corneal involvement.
However, in patients without corneal involvement, other anterior
segment findings are sufficient to make an early and accurate
diagnosis. Unilateral and diffusely distributed granulomatous
KPs associated with elevated IOP and iris atrophy have a high
clinical diagnostic value for herpetic AU. Although the disease
has a recurrent nature, visual prognosis is favorable in cases
without corneal scarring. Long-term oral acyclovir treatment
(more than 6 months) and close follow-up are important to
decrease recurrence rates and possible complications.
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Summary

Obijectives: To investigate the incidence, severity and risk factors of retinopathy of prematurity (ROP) in triplets.

Materials and Methods: The medical records of consecutive premature triplets who had been screened for ROP in a single maternity
hospital were analyzed and presence and severity of ROP; birth weight, gender, gestational age of the infant; route of delivery and the
mode of conception were recorded.

Results: A total of 54 triplets (40 males, 14 females) who were screened for ROP between March 2010 and February 2013 were recruited
for the study. All triplets were delivered by Caesarean section and 36 (66.7%) were born following an assisted conception. During
follow-up, seven (13%) of the infants developed ROP of any stage and two (3.7%) required laser photocoagulation. The mean gestational
age of triplets with ROP was 27.6+1.5 (27-31) weeks whereas it was 32.0x1.5 (30-34) weeks in those without ROP (p=0.002). The
mean birth weights of triplets with and without ROP were 1290.0+295.2 (970-1600) g and 1667.5+222.2 (1130-1960) g, respectively
(p<0.001). The presence of ROP was not associated with gender (p=0.358) or mode of conception (p=0.674).

Conclusion: ROP in triplets seems to be mainly related to low gestational age and low birth weight. Further prospective randomized
studies are necessary to demonstrate risk factors of ROP in triplets and to determine if and how gemelarity plays a role in the development
of ROP.

Keywords: Birth weight, gestational age, laser photocoagulation, retinopathy of prematurity, triplet

Introduction

Retinopathy of prematurity (ROP) is one of the major
causes of preventable childhood blindness.] Since the
most significant risk factors are low birth weight and low
gestational age, the number of infants at risk for ROP started
to increase after the improvement of survival of extremely
premature infants.2 Other proposed risk factors for ROP
include respiratory distress syndrome, prolonged mechanical
ventilation, blood transfusion, sepsis, assisted conception
and multiple births.3,45.6 However, the association between
multiple births and the incidence and severity of ROP is still
contradictory.”-8 The aim of the present study was to assess the

incidence, severity and risk factors of ROP in triplets.

Materials and Methods

This retrospective study was carried out in a single
maternity and research hospital in full accord with the
principles laid out in the Declaration of Helsinki, upon
approval of Institutional Review Board. The data was obtained
by chart review. The medical files of premature infants admitted
for routine ROP screening examination were reviewed and
consecutive triplets who were followed for at least 6 months
were recruited to the study. The rendered data included
the presence and severity of ROP; birth weight, gender,
gestational age of the infant; route of delivery and the mode
of conception (assisted or natural conception). The timing
of the initial screening examination, frequency of follow-up
examinations and when to discontinue screening examinations
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was determined according to the recommendations of the
American Academy of Pediatrics, American Academy of
Ophthalmology, and American Association for Pediatric
Ophthalmology and Strabismus.? Screening was performed
by one of two experienced pediatric ophthalmologists (MAS
and EH). Prior to examination, pupillary dilation was induced
with 2.5% phenylephrine and 0.5% tropicamide, after which
the topical anesthetic proparacaine was instilled and an eyelid
speculum was applied. Each infant underwent a binocular
indirect ophthalmoscopy examination for each eye with a 28
D condensing lens and scleral depression. Treatment decisions
were made according to “The Early Treatment of Retinopathy
of Prematurity study’ criteria.l0 Statistical analysis was
performed using SPSS software for Windows 15.0 (Statistical
Package for the Social Sciences, SPSS, Inc., Chicago, IL,
USA). Median and range were given as descriptive statistics
for quantitative data. Categorical data were summarized
using frequency and percentages. Independent samples t test
was used to compare two independent groups with normal
distribution of quantitative data and Mann-Whitney U test
was used for abnormal distributions. Results were accepted as
statistically significant when p was <0.05.

Results

A total of 54 triplets (40 males, 14 females) who were
screened for ROP between March 2010 and February 2013
were included in the study. Gestational age of the infants at
birth ranged from 27 to 34 weeks with a mean gestational age
of 31.4+2.1 weeks. Birth weight ranged from 970 to 1.960 g
with a mean of 1.618.5+£262.9 g. All triplets were delivered
by Caesarean section and 36 (66.7%) were born following an
assisted conception. Seven (13%) of the infants developed ROP
of any stage and two (3.7%) required transpupillary diode
laser photocoagulation during follow-up. The two infants who
required laser treatment were siblings. Their third sibling
had zone II stage 2 ROP which spontaneously regressed
without any treatment. Infants requiring treatment for ROP
were those with the lowest gestational age (27 weeks) and
lowest birth weight (970 and 980 g) among the whole study
population. The distribution of ROP according to gestational
age groups are shown in Table 1. The mean gestational age of
triplets with ROP was 27.6+1.5 (27-31) weeks and 32.0+1.5
(30-34) weeks in those without ROP (p=0.002). The mean

birth weight of triplets with ROP was 1,290.0+£295.2 (970-
1,600) g compared to 1,667.5+222.2 (1,130-1,960) g in
those without ROP (p<0.001). The presence of ROP was
not associated with gender (p=0.358) or mode of conception
(p=0.674).

Discussion

The incidence of multiples pregnancies has increased,
possibly because of higher maternal age and the increased use
of assisted conception methods such as ovulation induction
and in vitro fertilization.!! These are known to be associated
with maternal and neonatal complications which are directly
related to the number of fetuses in utero. A large study reported
that 15% of singletons, 48% of twins and 78% of higher
order multiples require neonatal intensive care unit (NICU)
admission.!2 The higher rate of neonatal complications is
mostly due to prematurity. However, the relationship between
multiple pregnancies and ROP is still controversial.”-8:13 Some
investigators assume multiple gestation is an independent risk
factor for ROP,14.15 but others do not.13,16

Triplet birth is a rare occurrence. The incidence of triplets
increased after the introduction of assisted conception methods,
but started to decline again after limitation of the number
of embryos transferred.l” In a study investigating NICU
admissions, the proportion of triplets reported to be decreased
from 5.0 to 3.3 per 100 NICU admissions.!8 Preterm labor
and prematurity were the commonest complications of triplet
gestations. Chibber et al.19 reported the rate of prematurity
as 84% in their large triplet series. In a study investigating
fetomaternal outcome in triplet pregnancy, mean birth weights
of 1st, 2nd and 3td triplets were 1.651, 1.640 and 1.443 g
respectively.20 Zanconato?! reported the incidence of preterm
labor as 78.6% and ROP as 6.5% in triplet pregnancies. The
incidence of any stage of ROP was 13% and the rate of ROP
requiring treatment was 3.7% in our series.

The relationship between triplet pregnancies and ROP is
also controversial. Tomazzoli et al.8 found no increased risk for
ROP when they compared premature triplets with premature
singletons, and concluded that multiple gestation adds no risk
beyond that due to prematurity. Assisted conception methods
also did not appear to be an independent risk factor for ROP
in our study, similar to previous studies in the literature.”,17,19
Nevertheless, gynecologists should be aware of possible

Table 1. The distribution of retinopathy of prematurity according to gestational age groups in triplets

Treatment-requiring ROP Spontaneously regressed ROP No ROP Total
Gestational age (weeks) <28 2 (33.3%) 4(66.7%) 0(0%) 6
29-32 0(0%) 1 (4.2%) 23 (95.8%) 24
>32 0(0%) 0(0%) 24 (100%) 24

ROP: Retinopathy of prematurity, results are denoted as number (percent within gestational age groups)
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neonatal outcomes of triplet pregnancies and the higher risk of
prematurity in order to follow proper infertility management
strategies and avoid iatrogenic multiple gestations.

We evaluated triplets for certain clinical and
demographical features including birth weight, gestational
age, gender, route of delivery and mode of conception,
and found birth weight and gestational age were related
to ROP. The two siblings who required treatment for
ROP in our study population were extremely premature
(with the lowest gestational age and birth weights of the
study population). Gender, route of delivery and mode of
conception were not associated with ROP. Maayan-Metzger
et al.16 compared triplet and singleton preterm infants
and found no differences between two groups in terms of
perinatal parameters, respiratory parameters and neonatal
complications, including ROP. We did not investigate
some other proposed risk factors such as respiratory distress
syndrome, septicemia, number of blood transfusions and
duration of mechanical ventilation.

The present study should be viewed in context of some
limitations. First of all, the limited number of triplets may
influence the power of statistical outcomes. Regression
analysis for risk factors could not be performed because of
the small number of infants with ROP. Secondly, other ROP
risk factors such as respiratory distress syndrome, duration
of mechanical ventilation, septicemia, and blood transfusion
were not included in the study parameters. Thirdly, the
study was retrospective, which limited the data available.
Finally, there was a lack of control group such as singleton or
twin gestations for comparing outcome data. Despite these
limitations, the current study has important implications
regarding the incidence, severity and risk factors of ROP in
triplets. In light of the present data, as the most important
risk factors are low birth weight and low gestational age
for ROP in triplets, we can suggest that an ROP screening
protocol similar to that used for singletons can be applied in
triplets.

Conclusion

Triplet pregnancies usually result in prematurity. ROP in
triplet infants seems to be mainly related to low gestational
age and low birth weight. Larger prospective randomized
studies are necessary to demonstrate risk factors of ROP in
triplets and to determine if and how gemelarity plays a role in
the occurrence of ROP.
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Summary

Objectives: To evaluate the diagnosis distribution, low vision rehabilitation methods and utilization of low vision rehabilitation in
partially sighted persons over 65 years old.

Materials and Methods: One hundred thirty-nine partially sighted geriatric patients aged 65 years or older were enrolled to the
study between May 2012 and September 2013. Patients’ age, gender and the distribution of diagnosis were recorded. The visual acuity of
the patients both for near and distance were examined with and without low vision devices and the methods of low vision rehabilitation
were evaluated.

Results: The mean age of the patients was 79.7 years and the median age was 80 years. Ninety-six (69.1%) of the patients were male and
43 (30.9%) were female. According to the distribution of diagnosis, the most frequent diagnosis was senile macular degeneration for both
presenile and senile age groups. The mean best corrected visual acuity for distance was 0.92+0.37 logMAR and 4.75+3.47 M for near.
The most frequently used low vision rehabilitation methods were telescopic glasses (59.0%) for distance and hyperocular glasses (66.9%)
for near vision. A significant improvement in visual acuity both for distance and near vision were determined with low vision aids.
Conclusion: The causes of low vision in presenile and senile patients in our study were similar to those of patients from developed
countries. A significant improvement in visual acuity can be achieved both for distance and near vision with low vision rehabilitation in
partially sighted geriatric patients. It is important to guide them to low vision rehabilitation.

Keywords: Geriatric, low vision, low vision rehabilitation

Introduction Low vision significantly impacts a person’s quality of life

) o and is a major socioeconomic problem for both individuals and
According to the World Health Organization’s VISION

the public. As the elderly population increases and age-related
2020 report, the prevention and rehabilitation of low vision

vision problems become more common, the importance of low

is among the primary global objectives. The legal definitions vision rehabilitation is also growing. Due to demographic,

of ‘low vision’ and ‘blindness’ specified by the World Health
Organization are based on visual acuity and visual field.
Low vision is defined as visual acuity in the better eye after
refractive correction between 20/70 (0.3) and 20/400 (0.05,
3 mps) or a visual field less than 20 degrees.1,2 In low vision,
the degree of vision loss is less than in blindness and the

individual benefits from vision enhancement aids.3:4

socioeconomic and cultural differences, it is important that
each community investigate the distribution of diagnoses,
determine preventable causes and use these data in health
planning for its own population.3.56

The aim of this study was to evaluate and contribute to our
national body of knowledge regarding the causes of low vision,

methods of vision enhancement, and utilization of low vision
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rehabilitation in presenile and senile individuals presenting

for low vision rehabilitation.

Materials and Methods

One hundred thirty-nine patients aged 65 years or older
who presented to our clinic for the first time between May 2012
and September 2013 were enrolled in the study. A detailed
medical history was obtained from each partially sighted
subject and the areas in which they experienced difficulty due
to near and distance visual function were identified. Near and
distance best corrected visual acuity (BCVA) were determined.
Color vision and intraocular pressure were evaluated and
anterior and posterior examinations were conducted. Subjects
were evaluated in terms of age at presentation, gender,
distribution of diagnoses in the presenile (65-74 years old) and
senile (75 years and older) age groups, near and distance visual
acuity, and low vision aids (LVAs) used for near and distance.

All subjects’ near and distance visual acuity were
determined after correcting refractive errors. Distance vision
was measured using the ETDRS chart from 4, 2 or 1 meter(s)
depending on the subject’s vision level and was recorded in
logMAR. Near vision was determined using the MNREAD
near reading chart and vision levels from 25 c¢m were reported
as “M” values.

The patients were asked about their priorities for low
vision rehabilitation. Low vision enhancement devices used
were Keplerian and Galilean telescopic and electro-optical
systems for distance and magnifiers, hyperocular lenses, labo-
clip glasses, telemicroscopes and electro-optical systems for
near vision.

Considering the patients’ visual acuity, visual field analysis,
binocular vision status, and visual needs and expectations,
required magnification power was calculated with the
Kestenbaum formula and appropriate low vision enhancement
methods were determined. Patients’ visual acuity using the
LVA was assessed and they were informed on the use of the
LVA.

The study was conducted in accordance with the
Declaration of Helsinki and was approved by the Ankara
University Ethics Committee. Informed consent was obtained
from all study participants.

SPSS for Windows version 16.0 (Statistical Package for
the Social Sciences Inc., Chicago, IL, USA) software was used
for statistical analyses. Data are presented as minimum (min),
maximum (max), mean, standard deviation (SD), number (n)
or percentage (%). Vision levels with and without LVA use
were compared using a paired-samples t test. The level of

significance was accepted as a=0.05.

Results

The mean age of the patients was 79.7 years (65-101
years), the median age was 80; 69.1% (n=96) were male and
30.9% (n=43) were female.

The mean BCVA of the better eye was 0.92+0.37 (0.20-
1.60) logMAR for distance and 4.75+3.47 (1.00-16.00) M for
near vision.

The most common diagnosis was age-related macular
degeneration (Table 1).

The priority of the patients presenting for low vision
rehabilitation was to improve their near vision; 62.5% (87
patients) stated that they required low vision rehabilitation
primarily for near vision, while 37.5% expressed that they had
more difficulty with distance vision.

The distribution of LVAs chosen for near and distance vision
is shown in Tables 2 and 3. Spectacles alone provided adequate
improvement in distance vision for 47 patients (33.8%), while
92 (66.2%) of the patients were prescribed an LVA. Telescopic
lenses were the most common method (59.0%) chosen for
distance. Of the 92 patients who did not achieve adequate
distance vision with conventional glasses and were prescribed an
LVA, 89% (82 patients) used telescopic lenses.

A total of 182 LVAs for near vision were prescribed for the
139 patients in the study; 30.9% of the study participants
used more than one LVA. Hyperocular glasses were the most
common LVA used for near vision (66.9%). Of the patients
using spectacles as an LVA for near, 30.9% were also prescribed
a magnifier for specific daily activities.

The near and distance vision levels attained by the study
participants using LVAs are shown in Table 4. Mean distance
vision improved from 0.92 logMAR to 0.24 logMAR and near
vision improved from 4.75 M to 1.44 M with LVA use. The
differences were significant for both near and distance (paired-
samples t test, p=0.001).

At 1 year follow-up, 91.4% (n=127) of the patients
reported that they continued to use the LVA. Of the 12 patients
(8.6%) who did not continue LVA use, it was determined that

Table 1. Diagnosis distribution in the presenile and senile age

groups

Age group Diagnosed cause of low vision n %

Presenile Age-related macular degeneration 24 51.1

(65-74 years) Diabetic retinopathy 11 234
Hereditary retinal diseases 7 14.9
Other (optic atrophy, cortical visual 5 10.6
impairment)

Senile Age-related macular degeneration 79 85.9

(75 years or over) | Glaucoma 5 5.4
Diabetic retinopathy 5 5.4
Other (optic atrophy, cortical visual 3 3.3
impairment)

Total 139 100.0
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Table 2. Low vision aids used for distance vision
Distance LVA n %
Telescopic systems 82 59.0
Keppler type 69 49.6
Galilei type 13 94
Electro-optic systems 10 7.2
Eyeglasses only 47 33.8
Total 139 100.0
LVA: Low vision aid

Table 3. Low vision aids used for near vision

Near LVA (first choice) n %
Eyeglasses-type LVA

Hyperocular lenses 89 64.0
Telemicroscope 22 15.8
Labo-clip 14 10.1
Magnifiers

Handheld magnifier 1 0.7
Stand magnifier 9 6.5
Electro-optic systems 4 29
Total 139 100.0

LVA: Low vision aid

Table 4. Comparison of patients’ visual acuity with and
without low vision aids

Without LVA | With LVA p*
Mean + SD Mean = SD
(min-max) (min-max)

Distance (logMAR) 0.92+0.37 0.24+0.26 0.001
(0.20-1.60) (0.0-1.2)

Near (25 cm) (M) 4.75+3.47 1.44+1.38 0.001
(1.0-16.0) (1.0-10.0)

LVA: Low vision aid, SD: Standard deviation, min: Minimum, max: Maximum, p*: Paired-

samples t test

further decline in vision level due to underlying ophthalmic

pathology necessitated a new LVA system.

Discussion

Aging is a physiological process that affects every system
of the body. With longer life expectancy and the resulting rise
in the elderly population, old age has increasing importance
as a physiological stage of life. Vision is one of the functions
most severely affected in the geriatric age group.” This
study investigated the clinical characteristics and low vision
rehabilitation methods applied in low vision patients in the

senile and presenile groups.
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The advantage of this type of study conducted on
individuals presenting to clinics is the more reliable and
detailed ophthalmologic data included.8 However, the main
disadvantage is that the data cannot be generalized to
the general public. The Ankara University Low Vision
Rehabilitation and Research Center is a university-based
center that serves patients from every region of Turkey.
Therefore, these data should contribute both in terms of
referring patients with low vision to rehabilitation services
and to the planning and implementation of low vision
rehabilitation services.

There was quite a wide age range among the patients
presenting for low vision rehabilitation, with the oldest being
101 years old. We believe this demonstrates that there is no
age limit for low vision rehabilitation in the senile group
and that individuals at every age have the potential for low
vision rehabilitation depending on their individual needs and
expectations. Data from Western countries show similar wide
age ranges, whereas data from developing countries indicates
that low vision rehabilitation services are not widespread
and a higher proportion of patients are in the presenile age
group.5,6:9,10

Consistent with gender distributions reported in the
literature, there were more males (69.1%) presenting in this
age group.9:10,11 This may be attributable to two factors. First,
in society men may have greater need for visual function for
economical and social reasons; second, men may have fewer
esthetic concerns and may therefore be more willing to use low
vision enhancement methods.

The most common diagnosis in our study group was age-
related macular degeneration. The second and third most
common diagnoses were diabetic retinopathy and hereditary
retinal disease in the presenile group versus glaucoma-related
vision loss and diabetic retinopathy in the senile group. In a
2008 study, Recep et al.12 reported that among all age groups,
22% of patients were enrolled in the low vision rehabilitation
program with a diagnosis of age-related macular degeneration,
and a high proportion of patients with this diagnosis benefited
from telescopic lenses. In Western countries, the diagnostic
groups most commonly requiring low vision rehabilitation
in the senile group are age-related macular degeneration and
diabetic retinopathy. In contrast, in developing countries,
the diagnosis distribution of this age group is dominated by
patients requiring cataract surgery.8,9,10

For distance vision, spectacles alone provided sufficient
improvement for 33.8% of our patients. This indicates that
accurately determining refractive error and current visual
function is one of the most crucial steps in a low vision
examination.11,13,14 Furthermore, the small increase in visual
acuity provided by the complete and accurate correction of
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refractive errors may result in lighter and more effective LVAs
for the patient and increase their use of the device.

Among all the patients in our study, the LVA most
frequently used for distance was telescopic glasses (59%).
Among patients prescribed an LVA for distance vision, this
rate was 89%. These systems are preferred because they are
portable and more economical than electro-optical systems.
The main disadvantage of telescopic glasses is that they may
be difficult for some individuals to accept due to esthetic
concerns. However, the utilization rate increases in the
presenile and senile age groups as people in this group are
generally less concerned with appearances. In the literature,
the most commonly utilized LVA is telescopic glasses. In
Turkey, Petricli et al.11 reported that 70% of patients in the
low vision rehabilitation group used telescopic glasses. In
a study by Altunbayl> 74% of the patients were prescribed
telescopic glasses, although only 54% reported purchasing
them. Recep et al.12 and Bakbak et al.16 reported that
all of the patients in their studies used telescopic glasses.
Compared to data from Western countries, our study
indicates that electro-optical systems were less commonly
used. The higher cost of electro-optical systems compared
to telescopic systems is the biggest reason they are not
utilized more in low vision rehabilitation.

We determined that improving near vision was the priority
of most patients presenting for low vision rehabilitation. The
most common LVA for near vision in our study was hyperocular
eyeglasses (followed by telemicroscopes and labo-clip glasses),
consistent with the literature.9-11 Using magnifiers is not the
first choice among this age group, and they are prescribed to
many patients as an auxiliary LVA especially for certain daily
activities and reading.9,11,14 In the current study, 30.6% of the
patients needed more than one type of LVA for near vision. We
believe that it is important to keep in mind that individuals
may require more than one low vision rehabilitation method
for their daily activities such as reading, cooking, and self-care
needs.

After 1 year, 91.4% of the patients in our study reported
that they were still using their LVA. In the few patients
who did not continue using the LVA, we determined that
further decline in vision level due to underlying ophthalmic
pathology necessitated a new LVA system. The reason for our
high compliance rate compared to previous studies may be that
our patients began using the LVAs after being trained in their
use, and frequent follow-up maintained high motivation.17
This reinforces the fact that low vision rehabilitation is not
limited to LVA utilization, but should entail adaptations that
encompass all aspects of the patient’s life.

In summary, low vision rehabilitation may be necessary

in geriatric patients due to serious ophthalmologic and

neurologic problems. Optimizing the visual abilities of
partially sighted patients makes their day-to-day lives easier,
increases life quality, and allows them to continue to be self-
sufficient, productive and independent individuals. Therefore,
we would like to emphasize the importance of referring
partially sighted patients to low vision rehabilitation during
the course of their clinical follow-up.
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Summary

Uveal melanoma, which is the most common primary intraocular malignancy in adults, arises from melanocytes within the iris,
ciliary body and choroid. The diagnosis is based principally on clinical examination of the tumor with biomicroscopy and indirect
ophthalmoscopy and confirmed by diagnostic techniques such as ultrasonography, fundus fluorescein angiography and optical coherence
tomography. The clinical diagnosis of posterior uveal melanomas can be made when the classical appearance of a pigmented dome-shaped
mass is detected on dilated fundus exam. Uveal melanomas classically show low to medium reflectivity on A-scan ultrasonography and on
B-scan ultrasonography the tumor appears as a hyperechoic, acoustically hollow intraocular mass. Management of a suspicious pigmented
lesion is determined by its risk factors of transforming into a choroidal melanoma, such as documentation of growth, thickness greater
than 2 mm, presence of subretinal fluid, symptoms and orange pigment, margin within 3 mm of the optic disc, and absence of halo
and drusen. Advances in the diagnosis and local and systemic treatment of uveal melanoma have caused a shift from enucleation to eye-
conserving treatment modalities including transpupillary thermotherapy and radiotherapy over the past few decades. Prognosis can be
most accurately predicted by genetic profiling of fine needle aspiration biopsy of the tumor before the treatment, and high-risk patients
can now be identified for clinical trials that may lead to target-based therapies for metastatic disease and adjuvant therapy which aims
to prevent metastatic disease.

Keywords: Eye, neoplasm, uveal melanoma

modalities that conserve the eye, there is also a growing trend
toward early treatment of tumors classified as small melanomas
instead of monitoring.4.7

Predisposing Factors

Both host and environmental factors influence the

Introduction

Epidemiologic Characteristics
Melanoma is a malignant tumor arising from melanocytes
and may originate from the skin (91%), the eye and tissues

surrounding the eye (5%) or the mucosa (1%).1 In 2%
of patients, the source cannot be identified.] Ophthalmic
melanomas can arise in the uvea (85%), eyelid/orbita (10%)
and conjunctiva (5%).1,2 Uveal melanoma is the most common
primary intraocular malignancy in adults, and most uveal
melanomas originate in the choroid (90%), followed by the
ciliary body (7%) and the iris (2%).3 The mean age at diagnosis
is 60 years and the prevalence is estimated as 4.9 per million men
and 3.7 per million women.4,3,6,7

Although the treatment approach has shifted from
enucleation toward more eye-conserving therapies over the last
20 years, the S-year survival rate has remained stable (about
81.6%). In addition to an increasing preference for therapeutic

development of uveal melanoma.

Host Factors

Significant risk factors for uveal melanoma include white
race, fair skin and light iris color.8

Melanocytic Lesions Associated with Melanoma

Choroidal nevus: Choroidal nevi are found in 3% of
individuals over 30 years old and studies indicate that annual
rates of malignant transformation can vary from 1 in 4,300 to
1 in 8,845.9,10

Ocular/Oculodermal  melanocytosis:
oculodermal melanocytosis is a condition characterized by
hyperpigmentation of the episclera, uvea and skin, and is
more common in black, Hispanic and Asian populations. Its

Ocular or
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prevalence in whites is 0.04%, and 1 in 400 cases develops uveal
melanoma.ll

Cutaneous nevus: Case-control studies have shown that
cutaneous nevi may be a risk factor for uveal melanoma and
that patients with dysplastic nevus syndrome have a higher
incidence of uveal melanoma.12,13 This highlights the need for
dermatologic evaluation in uveal melanoma patients.

Familial uveal melanoma: Recently, an autosomal
dominant hereditary cancer syndrome has been described in
some patients with germline BAP1 mutation. Patients with this
mutation have higher incidences of uveal melanoma, cutaneous
melanoma, atypical Spitz tumors, mesothelioma, meningioma,
adenocarcinoma of the lung and many other cancer types.14:15

Environmental Factors

Sunlight: In contrast to cutaneous melanomas, ultraviolet
light has not been shown to play a role in the development of
uveal melanoma, except as a result of occupational exposure, as
with arc welders.13,16

Diet, smoking and alcohol consumption: To date there
are no studies showing that dietary factors, cigarette use or
alcohol consumption have an effect on the incidence of uveal
melanoma.

Diagnostic Methods in Uveal Melanoma

The diagnosis of uveal melanoma is based primarily on clinical
examination by biomicroscopy and indirect ophthalmoscopy.
In contrast to the basic principles of oncology, histological or
cytologic evaluation is not routinely used in the diagnosis of
intraocular neoplastic lesions. Ancillary tests including color
fundus photography, ultrasonography (USG), fundus fluorescein
angiography (FFA), indocyanine green angiography (ICGA),
optical coherence tomography (OCT), fundus autofluorescence
(FAF) and ultrasound biomicroscopy (UBM) can be used in order
to confirm diagnosis. Fine-needle aspiration biopsy (FNAB)
of the tumor can be performed when the clinical diagnosis is
unclear, and the diagnosis can be clarified by the evaluation
of an experienced ocular pathologist. There are currently no
clear indications regarding the surveillance and initiation of
treatment for small choroidal melanocytic lesions and with the
recent understanding that cytogenic findings are among the
main prognostic factors for uveal melanoma patients in terms of
metastatic disease, biopsies are increasingly performed following
diagnosis.17,18

Studies of delays in the diagnosis of uveal melanoma found
that 28-37% of these lesions were not detected in the first
examination. Therefore, it is imperative that patients exhibiting
any symptoms suggestive of posterior segment pathology, such
as photopsia, metamorphopsia or vision loss, undergo a dilated
fundus examination.19,20,21,22

The classic appearance of posterior uveal melanoma (ciliary
body and choroidal melanoma) is a brown, dome-shaped mass,
but it may also appear as mushroom-shaped (20%) or diffuse
type (5%). While 55% of the tumors are pigmented, 15%
are nonpigmented and 30% include both pigmented and
nonpigmented areas.3-23
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Iris melanomas occur most frequently in the inferior quadrant
(45%), are pigmented in 82% of cases and show one of three
growth patterns: nodular, diffuse or tapioca.24

Unlike iris melanomas, which are clearly visible on clinical
examination, ciliary body melanomas may be hidden behind the
iris and be difficult to detect, especially when small. Similarly,
choroidal melanomas may escape notice without a careful dilated
fundoscopic examination. Documenting the size and location
of the tumor by color fundus photography is crucial during
follow-up in order to evaluate signs of malignant transformation,
primarily documented growth.

Posterior uveal melanomas are generally graded based on
tumor thickness in research and clinical settings. In this grading
system, small tumors are those up to 3 mm thick with a base
diameter not exceeding 16 mm, medium tumors are 3.1-8
mm thick with a base diameter not exceeding 16 mm, and
large tumors are thicker than 8 mm and have a base diameter
larger than 16 mm.23,25 It has been established that the risk
of metastasis increases 5% with each 1 mm increase in tumor
thickness as measured by USG.23 Cancer staging classifies the
extent of disease based on clinical, pathologic and genetic factors.
In the American Joint Committee on Cancer (AJCC) tumor
node metastasis staging system, tumor size is evaluated and
defined in the T category (1-4), lymph node involvement in the
N category (NX, NO, N1) and presence of distant metastases
in the M category (MX, MO, M1la, M1b, Mlc) (Table 1). For
posterior uveal melanoma, T is classified based on tumor basal
width and thickness (T1, T2, T3, T4) and then divided into
subgroups reflecting ciliary body involvement and extrascleral
extension of the tumor (a, b, c, d, e). Studies have showed that
this classification system can predict prognosis, and 5-year
survival rate of iris melanoma patients was estimated to be 100%
for patients with T1 tumors, 90.4% for patients with T2 tumors,
63.6% for patients with T2a tumors and 50% for patients with
iris melanomas classified as T3, T3a or T4.26 The metastasis rate
of posterior uveal melanoma at 10 years was found as 15% for
T1 tumors, 25% for T2 tumors, 49% for T3 tumors and 63%
for T4 tumors.2”

Small melanomas may present as flat or dome-shaped
tumors. With time the melanoma ruptures Bruch’s membrane
and forms its pathognomonic mushroom shape, which can be
easily visualized on USG. Vitreous hemorrhage may also be
evident if the tumor has infiltrated the retina after Bruch’s
membrane rupture.28

USG is the auxiliary method most often used clinically in
the diagnosis of uveal melanoma. The tumor typically shows low
to medium internal reflectivity on A-mode USG and appears as
an acoustically hollow mushroom- or dome-shaped choroidal
mass on B-mode USG. In A-mode, the low to medium internal
reflectivity of the tumor decreases toward the sclera. This
allows discrimination from hemangioma, which typically shows
high reflectivity in this mode. In B-mode, tumors appear as a
hyper-echoic mass with lower reflectivity than the surrounding
choroid, thus giving an acoustically hollow appearance. Choroidal
excavation may also be evident, which is more common in large
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tumors, and orbital shadowing may be observed as well.29,30
USG is also useful in the evaluation of extraocular extension;
areas of hyporeflectivity compared to normal orbital tissue are
considered orbital extension of the tumor.28

UBM is useful for the evaluation of tumors which originate
from the ciliary body. This technique allows the visualization
and evaluation of hyporeflective plaques on the tumor sutface,
tumort-specific vasculature, internal reflectivity and, if present,
extraocular extension.3l Anterior segment OCT is a newer
technique used in the imaging of iris and ciliary body melanoma,
but it does not yield the same results as USG due to the lack
of penetration into deeper tissues.32 In the absence of these
auxiliary imaging methods, transillumination, gonioscopy, and
oblique biomicroscopy, which allows the visualization of the
tumor while the patient looks in the direction of the lesion, can
assist visualization of ciliary body melanomas.?8

Uveal melanomas feature intrinsic tumor circulation as
well as choroidal circulation. The observation of this double
circulation pattern or leakage from tumoral vasculature is
occasionally necessary in order to confirm the diagnosis. FFA,
which can visualize these features, is an important technique
during the differential diagnosis from other lesions. FFA is also
used in the detection and follow-up of complications arising
after brachytherapy such as radiation retinopathy and radiation
maculopathy.

OCT can be utilized in ocular oncology as an auxiliary test in
diagnosis, treatment planning and evaluating treatment response.
Spectral domain OCT (SD-OCT) allows the detailed evaluation
of changes in the retina and retinal pigment epithelium
overlying lesions in choroidal melanoma. Choroidal melanomas
are usually easily distinguished from choroidal nevi based on size,
but this distinction may be difficult with lesions less than 3 mm
thick. In such cases, OCT can facilitate the detection of features
like subretinal fluid, which is considered one of the high-risk
features predicting transformation into melanoma.33,34,35 With
newly developed imaging methods such as enhanced depth
imaging it is now possible to examine deeper tissues like the
choroid and sclera. With this technique, choroidal nevi appear
as dome-shaped or flat lesions causing deep choroidal shadowing

depending on the pigmentation of the tumor. The retinal
pigment epithelium overlying the mass may be atrophied or
absent, with choriocapillaris compression and photoreceptor
loss in this area. Although choroidal melanomas may exhibit all
of these characteristics, studies have demonstrated that shaggy
photoreceptors and subretinal fluid are indicative of choroidal
melanoma in the differential between nevus and melanoma
(Figure 1).33,34,35

On FAF imaging, pigmented tumors exhibit moderate
hypoautofluorescence, whereas nonpigmented (amelanotic)
tumors show moderate hyperautofluorescence. In both types
of tumors, the areas of hyperautofluorescence can be seen due
to the presence of orange pigment, drusen and subretinal
fluid overlying the tumor. Presence of orange pigment can be
confirmed by comparing these hyperautofluorescent areas to the
suspicious lesions seen in fundoscopic examination. This method
may also reveal hypoautofluorescent retinal pigment epithelium
defects, such as hyperplasia, atrophy and fibrous metaplasia, or
hyperautofluorescent drusen, both of which indicate chronic
stable nevus.36

Computed tomography (CT) and magnetic resonance
imaging (MRI) can be utilized when tumor visualization by
clinical examination presents a challenge, as in patients with
media opacities like cataract, vitreous hemorrhage or retinal
detachment. Patients with unilateral cataract in particular
should be carefully evaluated for uveal melanoma, keeping
in mind that ciliary body melanoma may cause unilateral or
asymmetric cataract via pressure exerted on the lens.30 In
patients with unilateral hypermature cataract, it should be
kept in mind that dense cataract can resemble ciliary body
melanoma on oblique imaging of the lens. Pseudomelanoma
due to hypermature cataract can be identified using USG by the
presence of an echodense cortex forming anterior and posterior
borders, lack of contiguity with the uvea, and ring melanoma-
like visibility in all four quadrants.37 USG is the first choice
when a mass cannot be visually evaluated due to media opacity;
CT and MRI can be utilized if a differential diagnosis is still
not possible after USG. These imaging methods also have an
important role in the evaluation of extraocular extension. On CT

Table 1. American Joint Committee on Cancer staging of uveal melanoma based on extent of tumor-node- metastasis
Stage T N M
(Extent of tumor) (Lymph node involvement) (Distant metastasis)
I Tla NO MO
IIA T1b-d, T2a NO MO
1IB T2b, T3a NO MO
1IA T2c-d, T3b-c, T4a NO MO
I11B T3d, T4b-c NO MO
1[0 T4d-e NO MO
v Any T N1 MO
Any T Any N Mla-c
T: Tumor, N: Node, M: Metastasis
Source: Edge SB, Byrd DR, Compton CC. Malignant Melanoma of the Uvea. In: American Joint Committee on Cancer Staging Manual (7th ed). New York; NYY: Springer; 2010:547-560.
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Figure 1. Color fundus photograph and spectral domain-optical coherence
tomography image of choroidal melanoma in the posterior pole of the right eye
before treatment

it appears as a hyperdense mass with mild/moderate contrast and
distinct margins. On MRI, the tumor characteristically returns
a hyperintense signal on T1-weighted images and hypointense
signal on T2-weighted images. However, this can also be
observed in the subacute phase of a limited hemorrhage, causing
it to mimic an intraocular mass. Circumscribed choroidal
hemangioma is also included in the differential diagnosis,
especially of amelanotic melanomas. Like choroidal melanoma,
hemangiomas have a hyperintense signal in T1-weighted MRI,
but on T2-weighted images they are isointense to the vitreous.
These imaging methods are not strictly necessary in the
diagnosis stage, but are a requirement in the planning stage of
proton beam therapy or stereotactic radiotherapy (SRT).28
Intraocular tumors can be biopsied by several methods.
Anterior segment tumors can be evaluated by aqueous humour
sampling, incisional or excisional biopsy. FNAB (transscleral,
transvitreal or transcameral), vitrectomy biopsy, incisional or
excisional biopsy (endoresection or transscleral resection) can be
done in order to evaluate posterior segment intraocular tumors.38
Studies on tumor doubling time of choroidal melanoma
indicate that micrometastases occur several years before
diagnosis.39-40 Unlike cutaneous melanoma, uveal melanoma
spreads via the blood and not via the lymphatic system,
unless there is invasion of the conjunctiva by the tumor.
Extraocular extension occurs hematogenously by penetration
into the vortex veins and emissary channels.41 Small melanomas
are usually preexisting small nevi monitored for growth, and
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6-8% of diagnosed uveal melanomas originate from nevi.21,28
Considering that most patients never undergo an ophthalmologic
examination prior to their uveal melanoma diagnosis, the actual
rate of nevus to melanoma transformation is certainly higher.
Singh et al.42 found malignant transformation of choroidal nevus
at a rate of 1 in 8,845 patients. Therefore, clinicians should
monitor existing choroidal nevi in consideration of established
risk factors predictive of tumor growth. High-risk factors
predictive of growth of suspicious pigmented choroidal lesions
into melanoma include presence of symptoms, tumor thickness
greater than 2 millimeters, presence of subretinal fluid and
orange pigment, tumor margin within 3 mm of the optic disc,
ultrasonographic hollowness, and absence of halo.43,44,45

Posterior uveal melanoma can be confused with many lesions
of the retina, retinal pigment epithelium and choroid. According
to studies and case reports, the most commonly confused
lesions are, in order of frequency, choroidal nevus, peripheral
exudative hemorrhagic chorioretinopathy, congenital retinal
pigment epithelium hypertrophy, hemorrhagic detachment
retinal or retinal pigment epithelium, circumscribed choroidal
hemangioma and age-related macular degeneration (AMD).46
AMD, extramacular disciform lesions, spontaneous subretinal
hemorrhage, polypoidal choroidal vasculopathy and various
lesions such as arterial macroaneurysm that present with
hemorrhage may simulate choroidal melanoma. During clinical
examination, it should be kept in mind that patients with AMD
may exhibit macular changes in the fellow eye, and tests such
as FFA and ICGA may aid differential diagnosis by revealing
intrinsic tumor circulation of choroidal melanoma.46

Clinical prognostic factors in uveal melanoma include older
age, male gender, increased tumor size, tumor location, diffuse
growth pattern of the tumor, presence of extraocular extension,
and progression of tumor stage according to AJCC classification.
Histopathological risk factors related to prognosis include
epithelioid cell type, increased mitotic activity, increased tumor
infiltrating macrophages and lymphocytes, expression of human
leukocyte antigen and insulin-like growth factor receptor-1,
and types of extravascular matrix patterns.3.23,47,48 In 1931,
Callender9 first classified uveal melanoma by histologic cell
type as spindle type A, spindle type B, fascicular, epithelioid,
and mixed.>0 That classification system was later modified by
McLean et al.>0 and uveal melanoma is currently histologically
classified as one of three histologic subtypes: spindle cell,
epithelioid cell, and mixed cell types. It is generally accepted
that epithelioid cell melanoma is associated with the worst
prognosis and spindle cell melanoma with the best.49,50,51

In their study evaluating metastatic death in 847 uveal
melanoma patients, Coupland et al.>2 reported tumor base
width, epithelioid cells, mitotic rate and extraocular extension
as the clinical and histopathologic factors with prognosticative
value. Eskelin et al.53 studied tumor doubling time and found
that clinically detectable metastases appear at most 5 years after
treatment, but claimed that metastases may be observed up to
25 later because micrometastases begin forming years before
treatment.
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Studies utilizing immunohistochemical techniques to better
understand tumor and microenvironmental characteristics
have demonstrated that chemokine receptor CCR7 is strongly
expressed in uveal melanoma cells and is associated with
systemic metastasis.>%55

Differential Diagnosis

Uveal melanoma is divided into iris, ciliary body and
choroidal melanoma, and certain lesions should be considered in
the differential diagnosis of these subtypes. Possible diagnoses of a
suspicious iris lesion other than iris melanoma include iris nevus,
iris pigment epithelial cyst, iris stromal cyst, metastatic tumor of
the iris, melanocytoma, iris atrophy and Cogan-Reese syndrome.
In addition to melanoma, the differential diagnosis of ciliary
body tumors should include staphyloma, medulloepithelioma
and leiomyoma. The majority of uveal melanomas are choroidal
melanoma, which can be simulated by a variety of lesions. Among
these are choroidal tumors, especially choroidal nevus, metastatic
tumors, choroidal hemangioma, and osteoma; hemorrhagic
conditions like AMD and hemorrhagic choroidal detachment;
retinal tumors such as congenital retinal pigment epithelium
hypertrophy and retinal pigment epithelium adenocarcinoma;
and inflammatory lesions like posterior scleritis.

Systemic Metastasis in Uveal Melanoma

In a study of 8,033 uveal melanoma patients, Shields et al.24
found systemic metastasis rates of 8%, 15% and 25% at 3, 5
and 10 years, respectively. In relation to tumor size, metastases
were seen in 12% of small melanoma, 26% of medium
melanoma and 49% of large melanoma at 10 years follow-up.
In the Collaborative Ocular Melanoma Study (COMS), the
5- and 10-year metastasis rates in choroidal melanoma patients
were 25% and 34%, respectively, independently of tumor
size.56 Examination of the link between age and metastasis
rates revealed systemic metastasis at 10 years in 10% of uveal
melanoma patients 11-20 years old, 21% in patients 41-50
years old, and 30% in patients 71-80 years old. These results
support the opinion that the systemic metastasis rate increases
with advancing age in uveal melanoma.3 Systemic metastases are
most commonly observed in the liver (93%), lungs (24%) and
bones (16%).56 After the formation of metastasis, survival time
depends on the location of the metastasis. Patients with liver
metastases survive for an average of 4-6 months, with a 1-year
survival rate of 10-15%. Reported survival time for patients with
other metastases is 19-28 months.57,58

Prognosis of Uveal Melanoma

Although tumor size is currently considered the primary
factor affecting prognosis, the importance of histopathologic
factors and, in recent years, genetic factors has also gained
recognition.

Genetic Indicators

Cytogenetic and Molecular Cytogenetic

Despite advances in diagnosis and treatment, uveal
melanoma continues to be a life-threatening malignancy, and
systemic metastasis is seen in approximately half of patients
during long-term follow-up.23 Studies in the last 20 years have
concentrated on mutations and their molecular basis which may

have a role in the pathogenesis of uveal melanoma and formation
of systemic metastasis. Genetic alterations in uveal melanoma
are investigated using methods such as karyotyping, single
nucleotide polymorphism, fluorescent in situ hybridization,
microsatellite analysis and comparative genomic hybridization at
the deoxyribonucleic acid (DNA) level, and with gene expression
profiling (GEP) at the ribonucleic acid (RNA) level.59,60,61,62,63

The first reported chromosomal alteration to be associated
with poor prognosis in uveal melanoma was chromosome 3
monosomy.64:65,66 In subsequent studies, this chromosomal
abnormality was found to be associated with epithelioid cell
type, presence of microvascular loops, tumor base diameter,
ciliary body involvement and cancer-related death caused by
metastasis.>9:60 Chromosome 3 loss is usually accompanied by
gain in chromosome 8 (8q).64:66,67 Gain in chromosome 8q,
especially together with monosomy 3, has been shown to be
associated with high metastasis risk.68.69 In a study including
452 choroidal melanoma patients, Damato et al.68 used multiplex
ligation-dependent probe amplification to compare patients with
disomy 3, monosomy 3 and both monosomy 3 and 8q gain, and
reported 10-year melanoma-related mortality rates of 0%, 55%
and 71% in the three groups, respectively.

Other genetic abnormalities that have been described
include loss of chromosome 1p and gains in chromosome
6q and chromosome 8p.70 Patients without chromosome 3
abnormalities usually exhibit gain of chromosome 6p, and
this finding is associated with good prognosis.”1;72 A study
evaluating histopathologic characteristics by karyotype analysis
demonstrated that the addition of chromosome 3 loss and
chromosome 8q gain to extraocular extension (extrascleral)
significantly decreases metastasis-free survival.”3

Molecular Genetic

In RNA-based GEP studies evaluating the messenger RNA
(mRNA) expression of many genes, uveal melanoma could be
divided into two groups: patients with low metastasis risk (class
1) and patients with high metastasis risk (class 2).62,63,74 This
classification was proposed by Onken et al.,63 who determined
8-year survival rates as 95% in class 1 and 31% in class 2.
They later transferred their GEP technique to a polymerase
chain reaction-based assay analyzing mRNA expression of 12
discriminator genes and 2 control genes in order to create a more
clinically feasible standardized test.63,75 Trolet et al.76 performed
array-based comparative genomic hybridization on 86 patients
with uveal melanoma and 66 patients with liver metastasis; one
of their important findings was that liver metastases were found
in 14% of patients determined as class 1.

A variety of steps, such as tumor suppression, G-protein
mediated signal transduction, adhesion molecule expression
and retinoic acid response, have been investigated in order to
elucidate the molecular pathways involved in uveal melanoma.
Although less than 1% of all uveal melanoma cases are
familial, studies have demonstrated that these patients carry
many mutations, primarily germline mutation of BAPI, and
have suggested that these mutations may be responsible for
transmission in familes.14,15
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Activation of the mitogen activity protein kinase (MAPK)
pathway plays a role in the development of many cancers,
especially melanocytic neoplasms.”’ This pathway can be
activated by various mechanisms, and activation via RAS and
B-RAF gene mutations is common in cutaneous melanoma.
Although MAPK pathway activation has also been reported in
uveal melanoma, B-RAF or RAS mutations are rare. However,
some studies have attributed this to limitations in the techniques
used and claim to have detected B-RAF mutations in uveal
melanoma.”7,78,79

G protein-coupled receptors function with G proteins, which
have various alpha (0) subunits. One of these subunits, called Gy
or Gyq/11, is encoded by the GNAQ and GNA11 genes. Daniels
et al.80 found that 91% of patients with large melanoma had
GNAQ (47%) or GNA11 (44%) mutations, and Van Raamsdonk
et al.81 detected GNAQ mutations in patients with Nevus of Ota
and uveal melanoma. Somatic mutations in GNAQ or GNAII
activate mitogen-activated kinase (MEK), phosphoinositide
3-kinase/protein kinase B, protein kinase C and yes-associated
protein related pathways, which has led to an increasing
number of clinical trials targeting these pathways for patients
with metastatic uveal melanoma. These oncogenic mutations
are seen in the early stages of tumorigenesis, as in benign
uveal nevi, and are not associated with molecular class (class
1 or 2) or with metastasis.81,82,83,84,85 Clinical studies have
demonstrated improved survival of metastatic uveal melanoma
patients with selumetinib, a MEK pathway inhibitor, compared
to temozolomide.86

The BRCA-1 associated protein-1 (BAPI) tumor suppressor
gene, located on chromosome 3p21, codes the ubiquitin carboxy-
terminal hydrolase enzyme which is among the enzymes
responsible for tumor-suppressing activity in cancer cells, and
regulates the activity of some proteins through deubiquitination.
For example, histone H2A regulates the expression of certain
genes; deubiquitination of the BAPI region is a critical step
in tumor-suppressing function. Somatic mutation in this
gene is observed in many cancers including breast, lung and
mesothelioma and germline mutations have been found in
familial uveal melanoma and mesothelioma cases.86.87 It has
been shown that BAP1 mutation appears in the late stages of
tumorigenesis, causes changes in phenotype, and is associated
with metastatic behavior and class 2 genetic structure in 84% of
patients.88,89 Mutation of one allele is usually accompanied by
loss of the other entire copy of chromosome 3.

In contrast to the previously described mutations, splicing
factor 3b subunit 1 (SF3B1) gene mutations have been found
at a rate of 19% in uveal melanomas and are associated with
good prognosis.?90 Mutations in this gene also occur later in
tumor progression and are relatively specific to class 1 tumors.
However, it was shown that patients with disomy 3 tumors and
SF3B1 mutations have increased risk of metastatic disease at a
longer follow-up time (Koopmans AE, Prognostic implications
of acquired genetic changes in uveal melanoma. Unpublished
data, Erasmus University, Rotterdam, Netherlands).
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Another mutation associated with good prognosis is the
eukaryotic translation initiation factor 1A (EIF1AX) gene
mutation, which has been reported in 24% of uveal melanomas.9!

Therapeutic Approaches in Uveal Melanoma

Treatment for uveal melanoma is initiated at the time of
diagnosis and is not limited to the intraocular tumor alone.
Management of uveal melanoma also includes the assessment of
prognostic factors currently used in clinical practice and, when
necessary, the planning of adjuvant therapies targeting systemic
disease; post-treatment monitoring and control of recurrence
and possible treatment-related ocular side effects; visual function
assessment and visual rehabilitation using appropriate treatment
options; routine systemic evaluation for metastasis risk; and
psychiatric evaluation. Neglecting any one of these steps may
lead to treatment failure ending in mortality, despite successful
treatment of the tumor.

The currently accepted and clinically applied understanding
of tumor management begins with a proper evaluation of
prognostic factors, after which one or more therapies are chosen
in consideration of these factors to both control the tumor and
minimize impact to healthy tissues. Decisions regarding which
treatment options are appropriate and applicable are made based
on tumor size, location and extension and take into consideration
the patient’s preferences and expectations.

Overall prognosis should be evaluated as a combination of
prognosis determined by host genetic factors and ocular and
systemic prognosis according to treatment options administered.

The two main treatment options for uveal melanoma
patients without systemic metastasis are eye-conserving therapies
and enucleation. Studies have demonstrated that despite
developments in treatment methods and the increasing tendency
toward eye-sparing therapies over the last 30 years, survival
rates have remained constant. This indicates that successful
local treatment of the eye does not affect survival. Therefore,
identifying patients at risk of metastasis and referring them to
adjuvant therapies in addition to local treatment is crucial.

Primary Tumor Treatment

Should every tumor be treated?

To date, the traditional approach when faced with a small,
pigmented choroidal tumor has been monitoring the lesion
until findings on color fundus photography indicate growth.
However, as it is impossible to know whether a tumor will
become metastatic before it reaches a size requiring treatment,
delaying treatment may result in metastatic spread. On the other
hand, considering that 30-40% of small melanomas are in close
proximity to the optic disc and macula, treating all suspicious
choroidal tumors would result in unnecessary ocular morbidity
and vision loss.92

Therefore, small tumors should be evaluated in the
context of factors identified in the literature as indicating
malignant transformation, and decisions should be made after
fully informing patients of the benefits and risks involved
in treatment.43,44,45,87 Instead of observation, the current
opinion favors initiating treatment when risk factors are present;
observation at regular intervals is still considered appropriate in
a small minority of cases.
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In the COMS, tumors with thickness less than 3 mm and
basal diameter up to 16 mm tumors were classified as small
melanomas, and 204 choroidal melanoma cases were evaluated in
the small melanoma arm of the study. During follow-up, 21% of
these patients required treatment at 2 years, 33% at 5 years, and
38% at 7 years. Melanoma-related mortality was 1% at 5 years
and 3.7% at 8 years.93:94 Enucleation and local treatment of the
tumor by brachytherapy are controversial because of their impact
on visual acuity as well as the low rate of melanoma-related
mortality in the long term with small melanomas.

Eye-Conserving Therapies

Photocoagulation

Photocoagulation was frequently used in the past to treat
small choroidal melanoma, first with xenon arc and later with
argon laser photocoagulation. Despite superior tumor control
with xenon arc photocoagulation, the argon laser results in fewer
complications.?> Today, small tumors less than 3 mm thick
and located more than 3 mm from the fovea are treated with
transpupillary thermotherapy (TTT).96,97,98

Transpupillary Thermotherapy

TTT is a diode laser-based method used to treat small
and medium-sized melanomas (tumor thickness less than 4
mm).96:97,98,99 In their meta-analysis, Singh et al.100 found an
average recurrence rate after primary TTT in small melanoma
patients of 17% (8-56%) and reported that 7% of these
recurrences involved extrascleral extension. In brief, patients
undergoing TTT alone for uveal melanoma should be selected
carefully, keeping in mind that although visual prognosis is
good, there remains the long-term possibility of recurrence with
high metastatic risk (Figure 2).

Radiotherapy

Radiotherapy is currently the most common treatment for
uveal melanoma, especially posterior uveal melanoma. In clinical
application, radiotherapy can be administered in the form of
radioactive plaque, external beam radiotherapy or SRT.

Brachytherapy is the direct irradiation of a tumor via the
application of a radioactive source (radioisotope) to the tumor
surface or interior.101 There are two types of radioactive sources
used in brachytherapy, gamma- or X-ray emitting isotopes and
beta-particle-emitting isotopes. Of the isotopes most commonly
used in ophthalmic radioactive, Cobalt-60, Palladium-103 and
Todine-125 are gamma sources and Ruthenium-106 (Ru-106) is
a beta-particle source. Ru-106 plaques have been found effective
for small and medium tumors (basal diameter up to 16 mm and
thickness up to 8 mm) when applied alone or in combination
with TTT (Figure 3).102

The medium tumor arm of the COMS included tumors
2.5-10 mm thick with a basal diameter less than 16 mm and
compared patients treated by I-125 plaque brachytherapy
versus enucleation.103 There was no significant difference
between the two groups in 10-year mortality. Melanoma-related
mortality rates at 5, 10 and 12 years were 10%, 18% and 21%
in the brachytherapy group, versus 11%, 17% and 17% in the
enucleation group.

Finger et al.104 treated 400 uveal melanoma patients with
Palladium-103 and found a metastasis rate of 6% after 51
months of follow-up. They also estimated the 5- and 10-year
survival rates as 7.3% and 13.4%. Another study evaluating
patients treated with Ru-106 plaques observed local tumor
recurrence in 3.9% and reported estimated metastasis rates at
5 and 10 years of 30.9% and 68.2%.102 Studies using Ru-106
plaques have shown that this isotope carries an increased risk of
local recurrence with tumors with thickness over 5 mm.106 For
tumor thicknesses between 5 and 8 mm (with basal diameter not
exceeding 16 mm), Ru-106 plaque brachytherapy can be utilized
but should be supported by the application of TTT to the tumor
apex (Figure 4).102,105,106

External Beam Therapy

External beam therapy is the irradiation of a tumor with
charged particles such as proton and helium ion beams or with
stereotactic methods.107 This modality can be used to treat
tumors up to 14 mm thick with a basal diameter up to 28 mm.

Proton Beam Therapy

Unlike brachytherapy and fractionated SRT, proton beam
therapy delivers a homogenous dose of radiation to the entire
tumor and due to the Bragg effect the radiation dissipates
quickly beyond the edge of the target.108,109 This allows the
delivery of a high dose of radiation to the tumor while preserving
adjacent normal tissue; however, tissues in the path of the
beam as it enters the body and targets the tumor also receive
a high dose of radiation. In theory, all uveal melanomas could
be treated by proton beam therapy but for large melanomas
the visual prognosis and eye conservation rates remain low.110
The first choice of treatment for large tumors located in
the superotemporal quadrant should be radioactive plaque
radiotherapy in order to spare the lacrimal glands. In a series
of 2,413 melanoma patients treated with proton beam therapy,
Desjardins et al.lll reported 5- and 10-year metastasis rates of
18.5% and 26.6%, respectively. Local recurrence was observed
in 4% of the patients at 5 years and 10% at 10 years, with most
occurring in the first 3 years after treatment. After a follow-
up period of about 8 years, complications noted were loss of
eyelashes in 12%, retinal detachment in 8.5%, glaucoma in
23.4%, dry eye in 6%, cataract requiring surgery in 15%, optic
neuropathy in 18% and maculopathy in 37% of the patients.
TTT was used as an adjuvant therapy when the tumor was
close to the macula or to decrease the likelihood of neovascular
glaucoma, and recurrence was not observed in these patients.

Figure 2. Color fundus photographs of choroidal melanoma before and after
treatment with transpupillary thermotherapy
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Stereotactic Radiotherapy

SRT is the irradiation of a tumor with a photon beam. In SRT
the radiation is delivered as a single dose, while in fractionated
SRT the total dose is delivered as smaller equal doses. An
advantage of treating with a stereotactic photon beam is that no
surgical procedure is required to determine the tumor’s location,
the tumor borders are determined by MRI and CT.112,113
Although proton beam therapy (charged particle therapy) is
theoretically superior in terms of sparing healthy tissue from
the effects of radiation, stereotactic radiosurgery might be
more advantageous in certain cases since it does not require
preoperative surgical marking and is more cost-effective.114,115

The devices used in stereotactic photon beam irradiation are
the Gamma Knife, linear accelerator, and the CyberKnife. Ocular
immobilization is required for both stereotactic radiosurgery
and SRT techniques. This can be achieved with retrobulbar
anesthesia or vacuum-assisted immobilization frame for the
Gamma Knife and the cameras used to monitor eye movements
for the linear accelerator.113

Gamma Knife

First applied in the treatment of brain tumors, the Gamma
Kanife has since been used to treat uveal melanomas with successful
results.116,117 However, it is not a preferred treatment modality
due to high reported rates of radiation retinopathy and neovascular
glaucoma (8.6-64%).118,119,120,121 The main problem with
this technique is ocular fixation. Zehetmayer et al.122 used the
Gamma Knife to treat 62 uveal melanoma patients unsuitable
for Ru-106 plaque brachytherapy and reported higher morbidity
with tumors larger than 8 mm and a dose of 10 Gy/fraction was a
high risk factor for radiation-induced inflammation.

CyberKnife

CyberKnife radiosurgery was also first used in brain surgery
and is currently utilized to treat uveal melanoma. Zorlu et

Figure 3. Color fundus photographs of choroidal melanoma before and after
treatment with radioactive plaque brachytherapy (Iodine-125)

Figure 4. Color fundus photographs of choroidal melanoma before and after
treatment with radioactive plaque brachytherapy (Ruthenium-106)
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al.123 used CyberKnife to treat 5 patients who were not eligible
for plaque radiotherapy or local resection and reported that 3
patients showed reduction in tumor size at 8-month follow-up.
In the same center, 163 uveal melanoma patients were treated
with CyberKnife (stereotactic radiosurgery/fractionated SRT).
During the follow-up period of mean 24.2 months (range, 2-79
months), local control was achieved in 74% of patients and
progression was observed in 17.2% (Yazici et al., submitted for
publication) (Figure 5).

Linear accelerator: The linear accelerator is used to treat
uveal melanoma by stereotactic hypofractionated radiotherapy.
The advantages of this approach are less radiation exposure to the
healthy tissues adjacent to the tumor and avoidance of long-term
effects. Noninvasive fixation systems designed for use with linear
accelerators have increased patient comfort and compliance with
treatment. 113

Complications of Radiotherapy

Radiation Retinopathy

Radiation retinopathy is a chronic, progressive vasculopathy
of the retinal capillaries resulting from radiotherapy-induced
damage to the vascular endothelium.124 This damage causes
capillary dilation, increased vascular permeability, thrombosis,
retinal exudate and hemorrhage, eventually leading to full
thickness retinal atrophy (Figure 6). Capillary non-perfusion is
evident on FFA, the gold standard in the diagnosis of radiation
retinopathy.125 Radiation retinopathy is observed in 42% of
patients 5 years after brachytherapy, and usually occurs in the
first 2 years after treatment.126 The first sign may be a decrease
in visual acuity due to subclinical macular edema, and in fact
the detection of macular edema on OCT is an indicator that
radiation maculopathy may develop an average of 5 months
later.127,128 Retinopathy is dependent on the total radiotherapy
dose received and the area of the retina irradiated. It is generally
accepted that retinopathy develops rarely with radiation doses
under 35 Gy and it occurs in about half of patients receiving
65 Gy or more.129 Ischemic retinopathy can often progress to
proliferative retinopathy, which may be observed at an average
of 2.5 years after plaque radiotherapy, and vitreous hemorrhage
may occur in 15.1% of patients at 5 years after treatment.130,131
Guyer et al.132 reported the incidence of radiation maculopathy
after proton beam radiotherapy as 90%.

Treatment options include panretinal or focal laser
photocoagulation, photodynamic therapy, intravitreal or

periocular triamcinolone injection, oral pentoxifylline,

Figure 5. Color fundus photographs of choroidal melanoma before and after
treatment with CyberKnife (stereotactic radiosurgery)
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hyperbaric oxygen, intravitreal anti-vascular endothelial growth
factor (anti-VEGF) and intravitreal silicone application prior
to brachytherapy.133,134,135 Missotten et al.136 showed that
VEGF-A levels are higher in the aqueous humour of both treated
and untreated uveal melanoma patients. Taking into account that
VEGEF levels are elevated in uveal melanoma and further elevated
in radiation retinopathy, Shah et al.137 administered intravitreal
bevacizumab (Avastin) injections for 2 years to 292 of 418
patients treated with plaque radiotherapy and observed the other
126 patients without further treatment. They observed lower
rates of OCT-evident macular edema and radiation retinopathy
during follow-up in the patients treated with bevacizumab.

Radiation-Induced Optic Neuropathy

Radiation-induced optic neuropathy typically causes sudden,
painless, unilateral vision loss starting as early as 3 months or up
to 8 years after radiation exposure.138,139 Since the pathogenesis
of the optic nerve damage is not fully understood, radiation-
induced optic neuropathy is considered to be radionecrosis
of the optic nerve and chiasm. This presents clinically as
optic disc edema with lipid accumulation and hemorrhages;
later, optic atrophy with ghost vessels are observed. Systemic
and intravitreal corticosteroids, hyperbaric oxygen therapy,
anticoagulant therapy, and intravitreal anti-VEGF therapy have
been used in treatment.139,140,141,142 Finger and Chinl39
treated 14 choroidal melanoma patients who developed radiation-
induced optic neuropathy after radioactive plaque therapy with
intravitreal anti-VEGF injections (at least 2 injections at 6-8
week intervals) and reported regression of optic disc edema and
improvement of papillary hemorrhage.

Surgery

Enucleation, Exenteration, Local Resection

Although enucleation was the most common treatment
choice in the past, it is currently reserved for cases with the
worst visual prognosis, such as patients with large uveal

melanoma (tumoral thickness greater than 8 mm), with choroidal
melanoma surrounding the optic nerve, or presenting with severe

Figure 6. Color fundus photograph of a choroidal melanoma patient with
radiation retinopathy and maculopathy

hemorrhage, retinal detachment or vitreous hemorrhage. There
is no consensus on the maximum tumor thickness that can be
treated by radiotherapy. If the COMS is accepted as a guide, the
plaque applied should exceed the tumor margins by 2 mm. In
practice, episcleral application of a plaque larger than 25 mm is
not possible, limiting the use of plaque radiotherapy to tumors
with a maximum basal diameter of 21 mm. Only medium
melanomas were treated with plaque radiotherapy in the COMS;
for large melanomas, enucleation alone or in combination with
preoperative external beam therapy were applied. There was no
significant difference in the 10-year survival rate between the
group that received preoperative radiotherapy and the group
that did not.143 Studies in which large tumors (basal diameter
over 16 mm and thickness greater than 8 mm) were treated with
plaque radiotherapy have reported poor visual prognosis even
when the eye is spared.144,145

In terms of survival, many studies have demonstrated no
significant difference in mortality between eye-conserving and
surgical treatment approaches. Comparison of the COMS medium
uveal melanoma patients treated with plaque brachytherapy
and those that underwent enucleation revealed no significant
difference in long-term survival.145,146 Therefore, in recent years
eye-conserving treatments have gained favor over enucleation.

Local resection is an alternative treatment choice for choroidal
melanoma patients which spares the eye and, more importantly,
allows a detailed histopathologic and cytogenetic analysis. The
procedure is more preferred in cases of iris and ciliary body
melanoma. Iridectomy is currently the first choice for iris tumors,
and is indicated in tumors covering up to a third of the iris but
not extending to the angle.147 However, proton beam therapy
may be preferable to iridectomy in order to avoid the resulting
surgical coloboma.148 Iridocyclectomy is indicated for tumors
with angle or ciliary body involvement.147 Choroidectomy is
currently only performed by a small number of surgeons due
to the technical challenges. Tumors can be surgically removed
via a transretinal (endoresection) or transscleral (exoresection)
route. Plaque radiotherapy is recommended as an adjuvant to
exoresection to prevent tumor recurrence, though the preventative
application of plaque radiotherapy before endoresection is
still controversial.149:150 Major complications such as retinal
detachment and vitreous hemorrhage have been reported with
both techniques. Tumor location within one disc diameter of the
optic disc has been reported as the most important risk factor for
severe vision loss following local resection.!51

Exoresection is recommended in cases of toxic tumor
syndrome, a condition in which the irradiated tumor becomes
ischemic and exudative, resulting in macular edema, exudation,
serous retinal detachment, uveitis, rubeosis iridis and neovascular
glaucoma.151

Systemic Evaluation

There is no definitive guideline or even a consensus
regarding screening tests for systemic metastasis in uveal
melanoma. In particular, clinical examinations for the presence
of subcutaneous nodules and organomegaly are imperative.
Liver function tests include gamma-glutamyl-transpeptidase,
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lactate dehydrogenase, alkaline phosphate, aminotransferases
and bilirubin levels. Because abnormal liver function test results
have lower sensitivity and specificity compared to radiographic
investigation, these tests should only be used as a complement
to radiography.152 Metastases undetectable by liver function
tests may be evident on USG.153,154 Contrast MRI is the most
sensitive method for liver imaging; CT is highly sensitive but its
ability to discriminate from benign lesions is weak.155,156

Just as in deciding the course of treatment, it is important
to determine the best clinical approach in order to provide
individualized patient care and risk stratification for a patient
diagnosed with uveal melanoma. The clinical and histopathologic
prognostic factors can be used to separate patients into general
risk categories, but they are not accurate enough to be used
for individualized patient care. Furthermore, chromosomal
alterations including chromosome 1p loss, chromosome 3 loss,
chromosome 8q gain and chromosome 6p gain might be used
for clinical prognostification, but it was shown that they need to
be considered together with clinical and histologic risk factors.68

As mentioned above, GEP of uveal melanoma allows the
accurate discrimination of primary tumors at low metastatic risk
(class 1 signature) and high metastatic risk (class 2 signature).
The gene expression test was developed for routine clinical use
and has been validated in a prospective, multi-center study
which reported that the GEP test had prognostic accuracy
that was superior to clinicopathologic staging and monosomy
3.157,158,159 Field and Harbour!>8 recommended annual liver
imaging for patients in class 1A (low-risk) based on GEP
analysis, evaluation every 6 months alternating between liver
imaging and liver function tests for class 1B (intermediate-risk)
patients, and evaluation every 3 months alternating between
liver imaging and liver function tests for class 2 (high-risk)
patients.

Adjuvant Therapies

Despite advances in the diagnosis and treatment of uveal
melanoma, the general mortality remains high due to metastatic
disease. It is therefore extremely important to identify patients
at high risk for metastasis, and many studies have investigated
this topic in recent years. On the other hand, studies of tumor
doubling rate have provided evidence that uveal melanomas
metastasize before diagnosis. Detection of circulating tumor
cells in the bloodstream at time of diagnosis further support
this.39,160,161,162 Metastatic uveal melanoma is resistant to
treatment, and there is no evidence that current treatment is able
to extend survival. The efficacy of systemic treatment could be
improved with adjuvant therapies that target micrometastases
instead of macrometastases.

Adjuvant therapies consist of radiotherapy and systemic
which target identified
macrometastases. treatment include

clinically

options
chemotherapy, immunotherapy, hormone therapy, biologic
therapy and targeted therapy. Unlike other tumors, there are
still few studies regarding uveal melanoma. Non-randomized
studies conducted so far have utilized dacarbazine, bacilli
Calmette-Guerin and systemic interferon, but have not reported
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therapy, currently

Systemic

promising results.163,164,165 Uveal melanoma patients were
treated with systemic interferon alpha-2a subcutaneously 3
times a week for 2 years, but there was no significant difference
in mortality.163 Studies of sunitinib, valproic acid, dacarbazine,
systemic interferon alpha-2b, vaccination with dendritic cells
and ipilimumab as adjuvant therapies are ongoing, and results
have yet to be reported.166 Fotemustine, an alkali cytotoxic
chemotherapeutic agent, has been used to treat patients with liver
metastasis as both intravenous chemotherapy and as intra-arterial
hepatic chemotherapy. Intra-arterial hepatic administration
resulted in better tumor response than systemic administration
but did not increase survival in the long term.167 The MAPK
pathway, activated by GNAQ mutations plays an important role
in the pathogenesis of uveal melanoma. Although the MEK-
inhibitor selumetinib did not improve survival in cutaneous
melanoma, when administered to uveal melanoma patients with
GNAQ mutation it extended progression-free survival.168,169
The main limitation of MAPK inhibitors is that the drug is
effective for an average of 6-10 months and it is believed this
leads to more aggressive recurrences.

Studies on preventing metastasis and extending survival in
high-risk uveal melanoma patients are currently in progress.
Ipilimumab is being evaluated as a systemic adjuvant therapy
following treatment of the primary tumor in patients identified
as class 2 by RNA analysis, exhibiting monosomy 3 on DNA
analysis, or having a tumor over 8 mm in thickness.170 Patient
enrollment has concluded for a clinical trial evaluating treatment
response to dacarbazine and recombinant interferon alpha-2b
in patients who exhibit monosomy 3 or 8q gain without any
metastasis, but results have not been published yet.17! Similarly,
the c-Ros oncogene inhibitor crizotinib is being administered to
patients with genetic class 2 tumors in a phase 2 clinical trial,
but the patient recruitment is ongoing and no results have been
published.172 A clinical trial of sunitinib and valproic acid in
genetically high metastasis risk uveal melanoma patients is in
progress and currently recruiting participants.173 The inhibition
of the hypoxia-inducible factor pathway by arylsulfonamides is
another area of continuing research.174

In recent years, proteomics and secretomics studies aiming to
enable the early detection of metastasis have gained importance.
Osteopontin, S100, MIA (melanoma inhibitory activity), VEGF
and TPS (tissue polypeptide specific antigen) are among the
proteomic markers shown to be elevated in the serum of
metastatic uveal melanoma patients. Elevated expression of
S$100, MCAM, NKI-C3, E-cadherin, c-Met and MIA has been
demonstrated in the tissue of metastatic melanomas.175

In conclusion, despite advances in the diagnosis of uveal
melanoma and treatment for localized disease, up to half of
patients will develop fatal metastatic disease. With progress in
understanding the molecular landscape of the tumor and the
development of treatments targeting the pathways involving
GNAQ/GNA11, BAPI, EIF1AX, SF3B1 mutations and
epigenetic mechanisms, in the near future it may be possible to
prevent the progression of micrometastases.
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Case Report

Macular Burns from Nonmedical Lasers

Isil Sayman Muslubas, Miimin Hocaoglu, Serra Arf, Hakan Ozdemir, Murat Karacorlu

Istanbul Retina Institute, Istanbul, Turkey

Summary

Laser devices are widely used for medical, military, industrial and entertainment purposes. This extensive and unregulated use of lasers
can cause a variety of maculopathies that can result in permanent vision loss. Uncontrolled and inappropriate use of laser instruments

should be prevented with strict rules. We strongly emphasize the importance of changing the general misperception that lasers are safe
to use for entertainment purposes. In this study we aim to report the clinical features of three patients with a history of maculopathy

caused by exposure to laser light in an entertainment venue.

Keywords: Nonmedical laser, macular burn, vitreoretinal surgery

Introduction

The laser, whose name originated as an acronym for Light
Amplification by Stimulated Emission of Radiation’, was first
developed in 1960.1 Following animal studies, laser devices
became widely used in a range of fields for medical, industrial,
research and entertainment purposes. As the usage of lasers
became more common, the incidence of laser-related injuries
also increased.2 Because visible and near-infrared light are
focused and concentrated on the retina, this tissue is most
susceptible to laser-related injury.3 Reports of retinal laser
injuries include subretinal hemorrhage, retinal edema, damage
to the retinal pigment epithelium, vitreous or chorioretinal
hemorrhage, perifoveal pigment changes or deposits, foveal
ring-shaped hypopigmented lesions and rarely, choroidal
neovascularization.4 We aimed to present two cases of foveal
subhyaloid hemorrhage and one case of subfoveal intraretinal
hemorrhage associated with laser burns.

Case Reports

Case 1

A 28-year-old male presented to our clinic complaining
of loss of central vision in the right eye. He had attended a
wedding three days earlier where his right eye was exposed to

laser light. On ophthalmologic examination, his best corrected
visual acuity (BCVA) was 3/10 in the right eye and 10/10
in the left eye. Anterior segment examination was normal
and intraocular pressure (IOP) was 15 mmHg in both eyes.
On fundus examination, foveal hemorrhage was observed
in the right eye, while the left eye was normal (Figure 1A).
On optical coherence tomography (OCT) performed on the
same day, the foveal cross-section of the right eye revealed a
hyperreflective dome-shaped protrusion extending into the
vitreous cavity due to hemorrhage under the internal limiting
membrane (ILM). This protrusion caused optical shadowing
of the underlying tissue layers (Figure 2A). The right
eye appeared normal. On microperimetry-1 (MP1) analysis,
fixation was predominantly eccentric and stable and retinal
sensitivity in the central 20 degrees was measured as 16.7
decibels (dB) in the right eye. Absolute and relative scotoma
was present centrally in the area of hemorrhage (Figure 3A).
Fixation was central and stable in the left eye, and retinal
sensitivity in the central 20 degree field was normal.

Surgery was planned for the right eye after informing the
patient about his current condition, natural disease course, and
the risks and success rates associated with the procedure. Two
days later, 23-gauge (G) pars plana vitrectomy (PPV), posterior
hyaloid dissection and ILM peeling were performed. The
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patient developed no complications in the early postoperative
period and was discharged with 0.1% dexamethasone eye
drops 4 times a day for 1 month, 0.3% tobramycin drops 4
times a day for 1 month and ciprofloxacin 750 mg tablet twice
a day for 1 week.

Postoperative follow-up examinations were done at 1 day,
1 week, 1 month, 6 months and 1 year after the procedure.
At 1-year follow-up, BCVA was 10/10 in both eyes. Anterior
segment examination was normal and IOP was 18 mmHg
in both eyes. Retinal attachment was observed in the right
eye on fundus examination. Hemorrhage or serous elevation
were not detected (Figure 1B). The left eye appeared normal.
On OCT performed on the same day, foveal sections from the
right eye revealed that foveal cupping and the thickness was
339 microns. In the foveal region, the photoreceptor inner
segment/outer segment (IS/OS) junction and external limiting
membrane (ELM) were intact (Figure 2B). OCT findings
in the left eye were normal. On MPI, fixation was central
and stable and retinal sensitivity was measured as 17.0 dB
(Figure 3B).

Case 2

A 9-year-old girl was examined for complaints of blurred
vision in her right eye for 15 days. According to her history,
her vision problem began after looking into a laser at a hotel
15 days earlier. On ophthalmologic examination, her BCVA
was counting fingers from 3 meters in the right eye and 10/10
in the left eye. Anterior segment examination was normal and
IOP was 14 mmHg in both eyes. On fundus examination,
foveal hemorrhage was observed in the right eye, while the
left eye was normal (Figure 4A). On OCT performed on the
same day, the foveal cross-section of the right eye revealed a
hyperreflective dome-shaped protrusion extending into the

Figure 1. Case 1, preoperative (A) and postoperative (B) color fundus photographs

vitreous cavity due to hemorrhage under the ILM. The foveal
pit was absent (Figure 5A). The left eye appeared normal. The
MP test could not be performed due to patient noncompliance.

Surgery was planned for the right eye after informing the
patient about her current condition, natural disease course,
and the risks and success rates associated with the procedure.
Two days later, 23-G PPV, posterior hyaloid dissection
and ILM peeling were performed. The patient developed
no complications in the early postoperative period and was

=, . E— _:‘Ar-—--.‘-
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Figure 2. Case 1, preoperative (A) and postoperative (B) optical coherence
tomography images

A

Figure 3. Case 1, preoperative (A) and postoperative (B) microperimetry-1 images
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discharged with 0.1% dexamethasone eye drops 4 times a
day for 1 month, 0.3% tobramycin drops 4 times a day for 1
month.

Postoperative follow-up examinations were done at 1 day,
1 week, 1 month and 6 months after the procedure. At 6
months her BCVA was 9/10 in the right eye and 10/10 in the
left eye. Anterior segment examination was normal and IOP
was 15 mmHg in both eyes. Retinal attachment was observed
in the right eye on fundus examination. Hemorrhage or serous

A

Figure 4. Case 2, preoperative (A) and postoperative (B) color fundus photographs

g 7

Figure 5. Case 2, preoperative (A) and postoperative (B) optical coherence
tomography images

140

elevation were not detected (Figure 4B). The left eye appeared
normal. On OCT performed on the same day, foveal thickness
was 272 microns in the right eye. In the foveal region, the
photoreceptor IS/OS junction and ELM were intact (Figure
5B). OCT findings in the left eye were normal.

Case 3

A 24-year-old female patient presented to our clinic with
complaints of vision loss in her left eye. She reported laser
light shining into her left eye at an entertainment venue
one week earlier, after which her vision problem started.
On ophthalmologic examination, her BCVA was 10/10 in
the right eye and 1/10 in the left eye. Anterior segment
examination was normal and IOP was 11 mmHg in both
eyes. Fundus examination of the right eye revealed subretinal
hemorrhage in an area centered around the fovea covering
approximately 3 disc diameters; fundus examination of the
right eye was normal (Figure 6A). On OCT performed the
same day, no pathologic findings were detected in the right
eye, while intraretinal hemorrhage at the border of the outer
plexiform layer and subretinal fluid were observed in the left
eye. Increased reflectivity of the deeper retinal layers were
noted (Figure 7A). Fluorescein angiography (FA) of the left
eye revealed hypofluorescence due to blockage caused by
hemorrhage, although the retinal vessels over the hemorrhage
appeared healthy (Figure 8A). On MP1 analysis, fixation was
central and stable and retinal sensitivity in the central 20
degrees was 17.0 dB in the right eye. In the left eye, fixation

A

Figure 6. Case 3, color fundus photographs before (A) and after (B) intravitreal
injection



Sayman Muslubas et al, Laser-induced Macular Burns

was extrafoveal and unstable, and retinal sensitivity was 7.8
dB (Figure 9A).

After informing the patient about her current condition,
natural disease course, and the risks and success rates associated
with the treatment, a total of 3 intravitreal anti-vascular
endothelial growth factor (VEGF) injections were applied at
1-month intervals. Follow-up examinations were done at 1
day, 1 week, 3 months and 6 months after the injections. At
6 months her BCVA was 10/10 in the right eye and 3/10 in
the left eye. Anterior segment examination was normal and
IOP was 14 mmHg in both eyes. On fundus examination, we
observed a reduction in the size of the foveal lesion (Figure 6B).
The fovea appeared atrophic on OCT. The ELM was intact. A
hyperreflective area was observed on the ELM at the foveal pit.
IS/OS junction defect was noted (Figure 7B). FA was normal
(Figure 8B). MP1 revealed the scotoma had regressed, while
fixation was nearer to central and was relatively unstable.
Retinal sensitivity was measured as 16.8 dB (Figure 9B).

Discussion

With the widespread use of lasers in various fields and the
retina’s sensitivity to laser light, laser-induced ocular injuries
are commonly encountered in ophthalmology practice. The
American National Standards Institute defined four classes of
laser device based on their potential risk.5 In this classification
system, red-orange lasers with up to 1 mW of output power
and longer wavelengths are in class II; green-blue lasers with
up to 5 mW output power and shorter wavelengths are Class
III. Exposure to class III and IV lasers can result in injury
to the eyes and skin.245 Laser-induced ocular injuries may
result from ablative, thermal or photochemical mechanisms
depending on factors related to both the laser and the eye,
including laser power, wavelength, spot size, exposure time,

pupil diameter, proximity to the fovea, and amount of

Figure 7. Case 3, optical coherence tomography images before (A) and after (B)

intravitreal injection

Figure 8. Case 3, fluorescein angiography images before (A) and after (B)
intravitreal injection

A

Figure 9. Case 3, microperimetry-1 images before (A) and after (B) intravitreal
injection
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retinal and choroidal pigmentation.24 The main laser-related
determining factor in retinal damage is the wavelength of the
incident light.2 Visible and near-infrared incident light with
wavelength between 380 and 1400 nm damages the retina.
The damage increases in severity with longer exposure times.
The blinking reflex and flinching in response to laser light
limits laser exposure to between 0.15 and 0.25 seconds; these
mechanisms serve as natural protection against laser-induced
damage. Other important laser-related factors determining
damage severity are pulse duration and energy level. High-
energy and short pulses cause more damage to the retina.2
In our cases, we could not learn specific details regarding the
wavelength, power and duration of the lasers our patients
were exposed to; therefore, we do not know the laser class
and duration of exposure that caused their retinal injuries.
However, there are many reports in the literature of macular
damage caused by class IIIA and higher lasers.6,7,8,9,10 The
main retinal injuries reported related to class IITA lasers are
retinal pigment epithelium alterations; subretinal, intraretinal,
subhyaloid and vitreous hemorrhages; epiretinal membrane;
and full-thickness macular holes. The prefoveal hemorrhage
observed in two of our cases and subfoveal hemorrhage in the
other suggest that the lasers were Class IIIA.

The most important eye-related determining factor in
laser-induced ocular damage is its localization on the retina.
The resulting functional loss increases proportionately to the
proximity of the damage to the fovea. With increasing distance
from the fovea, the resulting scotomas are usually asymptomatic.
Another factor related to the eye is pupil size. Because pupil
dilation in dark environments allows more light to reach the
retina, the resulting damage is more severe than that incurred
in light environments. Furthermore, in individuals with more
retinal and choroidal pigmentation, melanin absorbs more laser
light, which leads to more severe injuries.2-4

Laser-induced hemorrhage may occur in different layers
of the retina, and treatment options vary based on which
layer is involved. In a report by Alsulaiman et al.? of seven
cases of intraocular hemorrhage associated with high-power
lasers, five patients developed subhyaloid hemorrhage and
two patients sub-ILM hemorrhage. Neodymium: yttrium-
aluminum-garnet (Nd:YAG) hyaloidotomy was performed
in all patients with subhyaloid hemorrhage; the procedure
resulted in a rapid improvement in vision in three patients,
but was unsuccessful in the other two. The two patients
with sub-ILM hemorrhage were followed; during follow-up
their hemorrhages spontaneously regressed and visual acuity
improved. Similarly, two of our cases developed subhyaloid
foveal hemorrhage, but unlike the other reports we achieved
anatomic and functional success in these cases with surgery
including 23-G PPV, posterior hyaloid dissection and ILM
peeling.
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The humanized monoclonal antibody bevacizumab
(Avastin; Genentech /Roche, San Francisco, CA, USA) is used
in the treatment of many retinal diseases, primarily choroidal
neovascularization and age-related macular degeneration.
Bevacizumab selectively inhibits VEGEF, prevents abnormal
vasculature formation and limits vascular permeability.11,12
Considering these effects of anti-VEGF therapy, we applied a
total of three intravitreal anti-VEGF injections at one-month
intervals in our patient with subretinal hemorrhage, despite
the lack of clear guidance on this topic. An increase in visual
acuity was achieved, atrophy at the fovea and damage at the IS/
OS border resulted in permanent functional loss.

Another type of laser-related retinal injury is full-thickness
macular holes. In a study by Alsulaiman et al.,9 laser-
induced full-thickness macular hole was observed in four
cases; anatomic and functional success was achieved in these
patients with PPV, ILM peeling and silicone or gas tamponade
injection.

Conclusion

Outside the medical and military fields, the use of lasers
ranging from 5 to 1200 mW has become very common in
entertainment centers, presentations and meetings or as toys.
Our natural protective mechanisms are insufficient for lasers of
this power, and extremely severe, permanent functional losses
may result. Restraining the uninformed use of high-power
lasers by the general public through legislation and educating
the public about the harmful effects of laser light are crucial to
prevent laser-related permanent retinal injuries.
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Summary

A 44-year-old female patient without any known systemic or ocular disease presented with progressive visual loss and night vision

disturbance. Visual acuity was 0.6 in the right eye and 0.2 in the left eye. Tiny, yellow crystalline deposits were seen on fundus

examination. In addition, areas of retinal pigment epithelium and choriocapillaris atrophy were detected. Rod and cone responses were
depressed in full-field flash electroretinogram. Multifocal electroretinogram testing showed severe foveal function disturbance with less

severe but still depressed responses toward the periphery. Multiple hyperreflective lesions were detected in the retina in optical coherence

tomography. We aimed to present the role of ocular electrophysiology by comparing the patient’s signs and symptoms with her ocular

electrophysiological test results.

Keywords: Bietti crystalline dystrophy, electroretinography, multifocal electroretinography

Introduction

Bietti crystalline corneoretinal dystrophy (BCD) is a rare
disorder characterized by yellow deposits in the retina and
progressive atrophy of the retinal pigment epithelium (RPE)
and the choriocapillaris. Bietti first described corneal crystals
in 1937 in a report of three cases exhibiting shiny yellow
retinal deposits and RPE atrophy. Lipid aggregates resulting
from abnormal lipid metabolism form these crystal deposits,
which may also be seen in the conjunctiva, fibroblasts and
lymphocytes.1,2 Although some cases have crystals in the
paralimbal superficial corneal stroma, corneal depositions
are not typical and corneal involvement is not one of the
diagnostic criteria.3 In BCD, symptoms including declining
visual acuity and disruptions in night and peripheral vision
emerge in the third and forth decades.! Recent studies have
demonstrated that the condition is associated with mutations
in the CYP4V2 gene on chromosome 4q35.43.6 CYP4V2
encodes the cytochrome P450 enzyme group; mutations in
this gene result in lipid metabolism dysfunction at the cellular
level.7 Histopathologic studies have revealed complex lipid
inclusions and crystals in the choroidal fibroblasts as well as
generalized choroidal atrophy.?

With this case report, we aimed to discuss multifocal
electroretinogram (mfERG) and electroretinogram (ERG)
findings in BCD.

Case Report

A 44-year-old female patient presented complaining of
progressive decline in visual acuity over the previous 6 years.
Her history indicated no chronic conditions or medication
use. Her best corrected visual acuity was 0.6 OD and 0.2 OS;
intraocular pressure was 13/11 mmHg OD/OS. Slit-lamp
biomicroscopic examination was within normal limits. Small,
yellow, shiny punctate intraretinal deposits were observed in
the posterior pole and midperipheral retina of both eyes on
fundus examination. Bilateral local RPE and choriocapillaris
atrophy and pigment clusters were also observed on fundus
examination (Figure 1).

Optic coherence tomography (OCT) revealed multiple
hyperreflective punctate lesions in the inner and outer retinal
layers with multiple cystic alterations in the outer retinal layers
(Figure 2). These alterations did not correspond directly to
the areas of crystalline deposits, and there were sporadic cystic
alterations in the choroidal layer which did not correspond to the
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cystic lesions in the retina. The lesions were not present in areas of
fibrosis. In OCT cross-sections the hyperreflective retinal deposits
are usually found at the RPE/choriocapillaris junction and in the
choroid, and sometimes in the inner retinal layers.8,9

According to the normal full-field electroretinography
values in our clinic,10 the patient’s b-wave amplitude on dark-
adaptated 0.01 ERG (rod response) was below the normal
limit in the right eye (33.4 pV) but was within normal range
in the left eye (100 uV) (normal range: 47-124 pV). On dark-
adapted 3.0 ERG, both a- and b-wave implicit times were
prolonged in both eyes, a-wave amplitudes were reduced in
both eyes but the reduction was more pronounced in the
right eye, and b-wave amplitude was reduced in the right eye.
Light-adapted 3.0 ERG (cone response) revealed normal a- and
b-wave implicit times, but both a- and b-wave amplitudes
were below the normal limit. On light-adapted 30 Hz flicker
ERG, P1 peak time was prolonged and the 30 Hz amplitudes

were attenuated (Figure 3).

Figure 1. Fundus images from the patient

figure 2. Optical coherence tomography images from each eye

Multifocal ERG revealed depressed foveal responses in
both eyes; retinal function improved moving from the center
toward the periphery, but the amplitudes were still markedly

attenuated compared to values from normal individuals
(Figure 4).11
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Figure 3. The patient’s full-field electroretinogram
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Figure 4. The patient’s multifocal electroretinogram in right (top) and left
(bottom) eyes
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Discussion

Our patient’s symptoms included bilateral progressive
vision loss and more recently, difficulty distinguishing figures
in the dark. Studies in the literature concerning BCD
have reported pathologic ERG responses at non-detectable
levels,1,12,13 a- and b-wave amplitude attenuation on scotopic
strong flash ERG,14 reduced rod b-wave amplitude,l.15
attenuated a- and b-wave amplitudes on photopic ERG,15,16
decreased 30-Hz flicker amplitude,1-16 and abnormal S-cone
ERG findings.1> There are also studies demonstrating retinal
dysfunction using focal and mfERG, despite normal ERG
findings.16,17

Our patient’s rod b-wave amplitudes were lower than
normal in the right eye and within normal range in the left
eye. Attenuated amplitude and prolonged latencies were
detected in both a- and b-wave combined rod-cone responses.
Photopic response showed reduced amplitudes and extended
peak times in both cone and 30 Hz flicker responses in both
eyes. These electrophysiological findings indicate widespread
outer retinal dysfunction.

MIERG represents the electrical response to cone
stimulation, usually from the central 30-40 degree field of
the retina, and originating mostly from bipolar cell activity.
MIERG provides local retinal function data from 61, 103
or 241 retinal sectors. Our patient showed pathologic
cone responses on ERG in both eyes, and mfERG revealed
markedly attenuated amplitudes in both eyes, particularly
in central sectors. Because BCD is a progressive condition,
observing different electrophysiological responses in the the
different stages of the disease is understandable. However,
in patients showing normal ERG results in the early stages
of the disease, retinal function can be assessed using mfERG.
We believe the utilization of mfERG is especially advisable
in monitoring progression in cases with central involvement
as mfERG shows the function of cone cells, which are more
concentrated in the central retina. Therefore, a BCD diagnosis
should not immediately be ruled out in cases exhibiting
normal photopic and scotopic responses on ERG. It must
be kept in mind that ERG results may be within normal
limits in early BCD and that local retinal dysfunction may be
detected with mfERG.

In our patient, the hyperreflective areas detected on OCT
did not correspond directly to the retinal crystalline deposits,
whereas Ayata et al.? showed these hyperreflective areas to
be consistent with the crystalline deposits. Although a clear
relationship between retinal crystalline deposits and visual
prognosis could not be determined, patients with widespread
crystalline deposits in the sensorial retina have lower visual
acuity.18 We believe that the cystic alterations, which are
more common in the outer layers, are instances of outer retinal
tubulation. Zweifel et al.19 first described this OCT finding
as the result of morphological changes occurring after damage
to cells in the photoreceptor layer in retinal degenerative
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diseases, and determined that this finding can be seen in
BCD. Pennesi et al.20 hypothesized that these lesions are
crystalline deposits that have been encapsulated by the retinal
pigment epithelium. In terms of the clinical significance of
these lesions, on B-scan OCT they can be mistaken for cystic
macular edema, and their tubular structure can be more
clearly visualized in C-scan sections on en face OCT. We
believe the alterations observed in the choroid are an optical
illusion created by these tubular alterations in the outer
retinal layer.

Conclusion

Evaluated together with other cases presented in the
literature, our mfERG and ERG findings indicate widespread
dysfunction of the outer retinal layers in BCD. As mfERG
demonstrates central retinal function, this technique can be
utilized as an objective assessment method when following
macular function in BCD.
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Summary

A 68-year-old woman with a history of multiple myeloma presented to the clinic with pain and vision loss in her right eye. Proptosis
was observed in her right eye and eye movements were restricted in all directions. Best corrected visual acuity was 3/10 in her right eye.
On biomicroscopic examination, hyperemia and subconjunctival hemorrhage were present. Fundus examination of the right eye revealed

optic disc edema and choroidal folds. In magnetic resonance imaging two orbital masses were detected. Based on the patient’s history
and ocular examination, we evaluated the masses as orbital metastasis of multiple myeloma. Palliative radiotherapy was recommended.

Keywords: Multiple myeloma, orbita, metastasis, plasmacytoma

Introduction

Multiple myeloma (MM) is a malignancy characterized by
abnormal plasma cell proliferation and is generally confined
to the bone marrow. However, 3% of cases may develop
extramedullary involvement, defined as the formation of solid
plasmacytomas outside the bone marrow.! Extramedullary
involvement usually occurs in the upper skeletal system,
but rarely orbital manifestations are observed.2:34 The most
common ocular signs and symptoms in orbital involvement
are proptosis, redness, pain, diplopia, and impaired vision;
proptosis is an indicator of metastasis and recurrence. This
report presents a case of orbital involvement observed during
follow-up of an MM patient in remission.

Case Report

A 68-year-old female patient presented to our clinic with
bilateral progressive vision loss for the previous 2 years. The
patient had been diagnosed with MM 5 years earlier but was
in remission at time of presentation and had no other systemic
diseases in her medical history. On ophthalmologic examination

her best corrected visual acuity (BCVA) was 3/10 in the right
eye and 2/10 in the left eye. Anterior segment examination
revealed cataract in both eyes. Posterior segment examination
was normal. The patient underwent uncomplicated cataract
surgery under local anesthesia on the left eye first, followed
by the right eye a month later. She experienced no problems
postoperatively and her uncorrected visual acuity was 7/10
in both eyes at the follow-up examination. No pathologies
were observed during anterior or posterior examinations.
The patient presented to our clinic about 15 days after her
final follow-up appointment with complaints of pain, redness
and low vision in her right eye. Her BCVA was 3/10 and
8/10 in the right and left eye, respectively. Proptosis was
evident and eye movements were restricted in all directions
in her right eye. On anterior segment examination of the
right eye, subconjunctival hemorrhage and hyperemia were
observed (Figure 1). Posterior segment examination of the
right eye revealed optic disc edema and widespread choroidal
folds (Figure 2). These clinical signs combined with the
patient’s history of MM suggested orbital metastasis, and
urgent radiologic imaging was ordered. Magnetic resonance
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imaging revealed two mass lesions in the right orbital space
behind the globe. In contrast-enhanced images the lesions
showed homogeneous enhancement, and invasion of the
extraocular muscles, disruption of globe shape and optic nerve
compression were observed. In addition, mass lesions showing
heterogeneous enhancement were present in both temporal
fossa (Figure 3). The diagnosis was confirmed using a biopsy
obtained from the temporal fossa lesion (Figure 4), and the

patient was referred to the radiation oncology department for

consultation. Palliative radiotherapy (RT) was recommended.

Figure 1. Hyperemia and subconjunctival hemorrhage were observed in the
patient’s right eye and eye motility was limited in directions

Figure 2. Color fundus photography revealed choroidal folds in the right eye,
while the fundus appeared normal in the left eye

Figure 3. The mass located in the orbit visualized in three different planes by
magnetic resonance imaging (a, b and c¢), and by contrast-enhanced magnetic
resonance imaging (d)

Discussion

Ocular findings in MM may arise from systemic effects of
the disease (increased blood viscosity) or infiltration of plasma
cells into ocular tissues.4 These ocular findings may include
crystalline corneal deposits, exudative macular detachment,
ciliary body cysts and retinal hemorrhage. Though rare, orbital
involvement may be an extramedullary manifestation. The
most common clinical sign of orbital involvement in MM
is unilateral proptosis, while hyperemia, pain, diplopia and
low vision occur less often.> There are also reports of bilateral
proptosis in some cases.> Similarly, our case presented with
proptosis, subconjunctival hemorrhage, pain and vision loss.
Her ocular motility limitation, optic disc edema and choroidal
folds resulted from a metastatic mass located posterior to
the globe which was invading the extraocular muscles and
applying pressure to both the globe and the optic nerve. All
of these findings have been observed in similar cases of orbital
involvement.1,2,6,7,8

Approximately 9% of orbital tumorsinadultsare metastases,
and orbital metastases usually originate from lung and breast
cancers.? There have also been reports of kidney, pancreas,
prostate and gastric cancers forming orbital metastases.10,11
The presence of metastasis in MM indicates a poor prognosis.
Orbital metastases in particular have worse survival rates
compared to other extramedullary plasmacytomas.6 Mean
expected survival for patients with recurrence is 12 months
in the absence of systemic involvement, less in cases with
systemic involvement. Of all malignancies occurring during
remission, approximately one in three is orbital.

RT is an effective palliative therapy for MM patients,
especially those with symptomatic local manifestations.12,13
Palliative RT is indicated for deficits related to pain, bone
involvement, spinal cord compression, root compression and
cranial nerve involvement. We recommended RT in this case
due to the pain that accompanied the orbital involvement.

Conclusion

Proptosis has an important role in the differential diagnosis
of malignancies. In cases like this, imaging should be
done immediately and the differential diagnosis should be

Figure 4. Biopsy obtained from the patient shows plasma cells in different
maturation stages (A) (hematoxylin&eosin, x400) and B) Lambda light chain
staining was positive (x400)
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considered. It should be kept in mind that proptosis can be
the first sign of relapse in a patient previously diagnosed with
MM.
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