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The Turkish Journal of Ophthalmology is an official peer-
reviewed publication of the Turkish Ophthalmological 
Association. Accepted manuscripts are published in both 
Turkish and English languages.
Manuscripts written in Turkish should be in accordance with 
the Turkish Dictionary and Writing Guide (“Türkçe Sözlüğü ve 
Yazım Kılavuzu”) of the Turkish Language Association. Turkish 
forms of ophthalmology-related terms should be checked in the 
TODNET Dictionary (“TODNET Sözlüğü” 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. 
concerned; or specify the type of relationship (consultant, other 
agreements), if any.
Authors must provide a statement on the absence of conflicts 
of interest among the authors and provide authorship 
contributions.
The Turkish Journal of Ophthalmology is an independent 
international journal based on single-blind peer-review 
principles. The manuscript is assigned to the Editor-in-Chief, 
who reviews the manuscript and makes an initial decision based 
on manuscript quality and editorial priorities. Manuscripts that 
pass initial evaluation are sent for external peer review, and 
the Editor-in-Chief assigns an Associate Editor. The Associate 
Editor sends the manuscript to three reviewers (internal and/or 
external reviewers). The reviewers must review the manuscript 
within 21 days. The Associate Editor recommends a decision 
based on the reviewers’ recommendations and returns the 
manuscript to the Editor-in-Chief. The Editor-in-Chief makes a 
final decision based on editorial priorities, manuscript quality, 
and reviewer recommendations. If there are any conflicting 
recommendations from reviewers, the Editor-in-Chief can 
assign a new reviewer.
The scientific board guiding the selection of the papers to 
be published in the Journal consists of elected experts of 
the Journal and if necessary, selected from national and 
international authorities. The Editor-in-Chief, Associate Editors, 
biostatistics expert and English language consultant may make 
minor corrections to accepted manuscripts that do not change 
the main text of the paper.
In case of any suspicion or claim regarding scientific 
shortcomings or ethical infringement, the Journal reserves 
the right to submit the manuscript to the supporting institutions 
or other authorities for investigation. The Journal accepts 
the responsibility of initiating action but does not undertake 
any responsibility for an actual investigation or any power of 
decision.
The Editorial Policies and General Guidelines for manuscript 
preparation specified below are based on “Recommendations 
for the Conduct, Reporting, Editing, and Publication of Scholarly 
Work in Medical Journals (ICMJE Recommendations)” by the 
International Committee of Medical Journal Editors (2013, 
archived at http://www.icmje.org/).
Preparation of research articles, systematic reviews and meta-
analyses must comply with study design guidelines: 
CONSORT statement for randomized controlled trials (Moher 
D, Schultz KF, Altman D, for the CONSORT Group. The 
CONSORT statement revised recommendations for improving 
the quality of reports of parallel group randomized trials. JAMA 
2001; 285: 1987-91) (http://www.consort-statement.org/);
PRISMA statement of preferred reporting items for systematic 
reviews and meta-analyses (Moher D, Liberati A, Tetzlaff J, 
Altman DG, The PRISMA Group. Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses: The PRISMA 
Statement. PLoS Med 2009; 6(7): e1000097.) (http://www.
prisma-statement.org/);
STARD checklist for the reporting of studies of diagnostic 
accuracy (Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA, 
Glasziou PP, Irwig LM, et al., for the STARD Group. Towards 
complete and accurate reporting of studies of diagnostic 

accuracy: the STARD initiative. Ann Intern Med 2003;138:40-
4.) (http://www.stard-statement.org/);
STROBE statement, a checklist of items that should be 
included in reports of observational studies (http://www.strobe-
statement.org/);
MOOSE guidelines for meta-analysis and systemic reviews 
of observational studies (Stroup DF, Berlin JA, Morton SC, et 
al. Meta-analysis of observational studies in epidemiology: a 
proposal for reporting Meta-analysis of observational Studies 
in Epidemiology (MOOSE) group. JAMA 2000; 283: 2008-12).

GENERAL GUIDELINES
Manuscripts can only be submitted electronically through 
the Journal Agent website (http://journalagent.com/tjo/) after 
creating an account. This system allows online submission and 
review.
The manuscripts are archived according to ICMJE, Index 
Medicus (Medline/PubMed) and Ulakbim-Turkish Medicine 
Index Rules.
Format: Manuscripts should be prepared using Microsoft 
Word, size A4 with 2.5 cm margins on all sides, 12 pt Arial font 
and 1.5 line spacing.
Abbreviations: Abbreviations should be defined at first mention 
and used consistently thereafter. Internationally accepted 
abbreviations should be used; refer to scientific writing guides 
as necessary.
Cover letter: The cover letter should include statements about 
manuscript type, single-journal submission affirmation, conflict 
of interest statement, sources of outside funding, equipment 
(if applicable), approval of language for articles in English and 
approval of statistical analysis for original research articles.

REFERENCES
Authors are solely responsible for the accuracy of all 
references.
In-text citations: References should be indicated as a 
superscript immediately after the period/full stop of the relevant 
sentence. If the author(s) of a reference is/are indicated at the 
beginning of the sentence, this reference should be written 
as a superscript immediately after the author’s name. If 
relevant research has been conducted in Turkey or by Turkish 
investigators, these studies should be given priority while citing 
the literature.
Presentations presented in congresses, unpublished 
manuscripts, theses, Internet addresses, and personal interviews 
or experiences should not be indicated as references. If such 
references are used, they should be indicated in parentheses at 
the end of the relevant sentence in the text, without reference 
number and written in full, in order to clarify their nature.
References section: References should be numbered 
consecutively in the order in which they are first mentioned in 
the text. All authors should be listed regardless of number. 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 title.

MANUSCRIPT TYPES
Original Articles
Clinical research should comprise clinical observation, new 
techniques or laboratories studies. Original research articles 
should include title, structured abstract, keywords relevant to 
the content of the article, introduction, materials and methods, 

results, discussion, study limitations, conclusion, references, 
tables/figures/images and acknowledgement sections. Title, 
abstract and key words should be written in both Turkish and 
English. The manuscript should be formatted in accordance 
with the above-mentioned guidelines and should not exceed 
sixteen A4 pages.
Title Page: This page should include the title of the manuscript, 
short title, name(s) of the authors and author information. The 
following descriptions should be stated in the given order:
1. Title of the manuscript (Turkish and English), as concise and 
explanatory as possible, including no abbreviations, up to 135 
characters
2. Short title (Turkish and English), up to 60 characters
3. Name(s) and surname(s) of the author(s) (without 
abbreviations and academic titles) and affiliations
4. Name, address, e-mail, phone and fax number of the 
corresponding author
5. The place and date of scientific meeting in which the 
manuscript was presented and its abstract published in the 
abstract book, if applicable
Abstract: A summary of the manuscript should be written in 
both Turkish and English. References should not be cited in the 
abstract. Use of abbreviations should be avoided as much as 
possible; if any abbreviations are used, they must be taken into 
consideration independently of the abbreviations used in the 
text. For original articles, the structured abstract should include 
the following sub-headings:
Objectives: The aim of the study should be clearly stated.
Materials and Methods: The study and standard criteria 
used should be defined; it should also be indicated whether 
the study is randomized or not, whether it is retrospective or 
prospective, and the statistical methods applied should be 
indicated, if applicable.
Results: The detailed results of the study should be given and 
the statistical significance level should be indicated.
Conclusion: Should summarize the results of the study, the 
clinical applicability of the results should be defined, and the 
favorable and unfavorable aspects should be declared.
Keywords: A list of minimum 3, but no more than 5 key words 
must follow the abstract. Key words in English should be 
consistent with “Medical Subject Headings (MESH)” (www.
nlm.nih.gov/mesh/MBrowser.html). Turkish key words should 
be direct translations of the terms in MESH.
Original research articles should have the following 
sections:
Introduction: Should consist of a brief explanation of the 
topic and indicate the objective of the study, supported by 
information from the literature.
Materials and Methods: The study plan should be clearly 
described, indicating whether the study is randomized or not, 
whether it is retrospective or prospective, the number of trials, 
the characteristics, and the statistical methods used.
Results: The results of the study should be stated, with 
tables/figures given in numerical order; the results should be 
evaluated according to the statistical analysis methods applied. 
See General Guidelines for details about the preparation of 
visual material.

Discussion: The study results should be discussed in terms 
of their favorable and unfavorable aspects and they should 
be compared with the literature. The conclusion of the study 
should be highlighted.
Study Limitations: Limitations of the study should be discussed. 
In addition, an evaluation of the implications of the obtained 
findings/results for future research should be outlined.
Conclusion: The conclusion of the study should be highlighted.
Acknowledgements: Any technical or financial support or 
editorial contributions (statistical analysis, English/Turkish 
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 
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Objectives: This study aimed to compare intraocular pressure (IOP) measurements in healthy pediatric patients using three types of 
tonometers.
Materials and Methods: Seventy-eight eyes of 78 patients under the age of 18 who underwent a routine ophthalmologic examination 
were included in the study. IOP was measured using Tono-Pen (TP) tonometry, Goldmann applanation tonometry (GAT), and non-
contact tonometry (NCT), consecutively. IOP was adjusted based on central corneal thickness (CCT). Patients with any ocular disorders 
other than a limited refractive error were excluded from the study.
Results: The study consisted of 46 girls and 32 boys. The mean age was 12.6±2.7 (range: 5-17) years. The mean CCT was 559.3±35.3 
µm. The mean refractive error was -0.50±1.70. The mean level of visual acuity was 0.98±0.1 (range: 0.3-1.0) using the Snellen chart. 
Significant differences were found between the measurement results of each of the three tonometric methods. Mean IOP was 12.1±2.2 
mmHg for TP, 15.7±2.5 mmHg for GAT, and 17.1±3.1 mmHg for NCT. The correlations between measurement methods revealed 
that the highest correlation was between NCT and GAT (p<0.001, r=0.670). The second highest correlation was between NCT and TP 
(p<0.001, r=0.477). The lowest correlation was between GAT and TP (p<0.001, r=0.403). A positive correlation was found between 
CCT and each IOP measurement method.
Conclusion: In pediatric patients, TP and NCT measurements were found to be positively correlated with GAT measurements. 
Because TP measurements were lower than GAT measurements and NCT measurements were higher than GAT measurements, patient 
follow-ups, treatment strategies, and surgery plans must be organized taking these differences into consideration.
Keywords: Pediatric intraocular pressure, Tono-Pen tonometry, Goldmann applanation tonometry, non-contact tonometry, central 
corneal thickness
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 Introduction

Despite the important role of cornea and optic nerve 
appearance in the diagnosis of pediatric glaucoma, intraocular 
pressure (IOP) measurement is still the primary diagnostic 
method. In addition, IOP remains the only risk factor that can 
be altered in glaucoma therapy and these modifications have 
been proven to be able to prevent disease progression.1 This 
makes the accurate measurement of IOP particularly important. 
The evaluation of IOP in pediatric cases may vary depending 
on patient cooperation. Stress caused by devices which contact 
the cornea may cause the patient to cry, leading to the 
Valsava maneuver and increasing systemic venous pressure and 
IOP.2 It is therefore recommended to conduct the examination 

under general anesthesia in patients with suspected glaucoma. 
However, IOP measurements conducted in the outpatient clinic 
setting can are informative when deciding which patients to 
examine under general anesthesia.

Previous studies have demonstrated that measurements 
made using Schiotz tonometry may lead to inaccurate results due 
to factors such as corneal curvature incompatibility and corneal 
diameter.3 For this reason, the Goldmann applanation tonometer 
(GAT) is currently accepted as the gold standard tonometer. 
Unfortunately, measuring with the GAT is not possible with 
pediatric patients of all ages. Although some studies have 
demonstrated good agreement between measurements made 
with the Tono-Pen (TP), GAT and non-contact tonometer 
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(NCT),4,5 in clinical practice these instruments can yield 
very different results. This can have an impact on treatment 
decisions and in some cases even surgery decisions. Because IOP 
assessment may lead to legal issues in certain situations, it is 
critical to evaluate measurement reliability and determine the 
factors affecting measurement.

The aim of this study was to compare IOP measurements 
made in outpatient clinic conditions with TP, GAT and NCT 
in pediatric patients amenable to IOP measurement in a sitting 
position.

Materials and Methods

Seventy-eight eyes of 78 patients examined in our 
ophthalmology clinic between April and June 2015 were 
included in the study. Only the patients’ right eyes were 
included. Patients had no ocular disease other than refractive 
errors. Exclusion criteria included: hypermetropia or myopia 
greater than 4 diopters (D); corneal astigmatism greater than 2.5 
D; any known ocular disease or suspicion of glaucoma (history 
of high IOP, deep or large optic pit, family history, etc.); history 
of ocular surgery; periocular steroid use during or within 3 
months prior to the study; use of any systemic or ophthalmic 
drugs which may affect IOP; and inability to comply with any 
of the assessment methods utilized in the study. The study was 
conducted in accordance with the Declaration of Helsinki and 
was approved by the local clinical research ethics committee. 
Informed consent was obtained from the patients’ legal guardians 
before each procedure. 

IOP measurements were conducted using the TP (Tono-
Pen Avia, Reichert, USA), GAT (Haag-Streit, Switzerland) and 
NCT (Nidek NT 530, Japan). The same tonometers were used 
throughout the study. As recommended by the manufacturers, the 
TP and GAT were calibrated daily and the NCT was calibrated 
once a month. Measurements were performed by the same 
physician before dilating the pupil, instilling a topical anesthetic 
(Alcaine proparacaine hydrochloride; Alcon, Fort Worth, Texas, 
USA), and fluorescein stain (Norvatis fluorescein; Norvatis, Basel, 
Switzerland) for GAT. Measurements were taken at 5-minute 
intervals, and the average of 3 measurements was taken for each 
device. All measurements were done with the patient in a seated 
position. Measurements were taken with the three instruments in 
the following order: TP, GAT, NCT. This was followed by central 
corneal thickness (CCT) measurement using the Pachymeter 
SP-3000 (Tomey, USA) pachymetry instrument, then a corrected 
IOP value was calculated based on the CCT value: corrected 
IOP=Measured IOP-(CCT-545)/50x2.5 mmHg.6 

SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) software 
package was used for statistical analyses. P values less than 0.05 
were accepted as statistically significant. Independent samples 
t-test was used for intergroup comparisons. Pearson’s test was 
used to determine the presence of correlations. Differences 
of 1.96 standard deviations from the mean were used when 
calculating the limits of agreement. Associations between 
differences and means were analyzed using Bland-Altman plots.

Results

A total of 78 subjects were included in the study; 18 were 
later excluded due to noncompliance with at least 1 of the 
measurement techniques.

Of the subjects included in the study, 46 were female and 
32 were male. The mean age was 12.6±2.7 (range, 5-17) years. 
Mean CCT was 559.3±35.3 µm and mean refraction value was 
-0.50±1.70 D. Visual acuity on Snellen chart was 0.98±0.1 
(range, 0.3-1.0). 

Mean IOP was measured as 12.1±2.2 mmHg with TP, 
15.7±2.5 mmHg with GAT and 17.1±3.1 mmHg with NCT. 
The differences and 95% confidence intervals between these 
mean values are shown in the Bland-Altman plots in Figures 1 
and 2.

CCT positively correlated with measured IOP measurements 
obtained from all of the devices (TP: r=0.305, p=0.007; GAT: 
r=0.355, p=<0.001; NCT: r=0.471, p<0.001).

A weak negative correlation emerged between age and the 
difference between NCT and GAT values (r=-0.225, p=0.048), 
while there was no significant relationship between age and the 
difference between TP and GAT values (r=0.126, p=0.271).

Moderate correlations were observed between all of the 
measurement methods (TP-GAT: r=0.403, p<0.001; NCT-
GAT: r=0.670, p<0.001; NCT-TP: r=0.477, p<0.001).

CCT values were not significantly correlated with the 
amount of deviation of TP and NCT measurements from GAT 
measurements (p>0.05).

There was a moderate positive correlation between the 
TP-GAT difference and significantly rising mean IOP values 

2

Figure 1. Bland-Altman scatter plot showing the errors in intraocular pressure 
measurements obtained with the Tono-Pen compared to Goldmann applanation 
tonometry results
TP: Tono-Pen, GAT: Goldmann applanation tonometry
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(r=0.459, p<0.001), whereas a weak negative correlation was 
observed between the NCT-GAT difference and significantly 
rising mean IOP values (r=-0.260, p=0.021) (Figure 3). 

The Cronbach alpha reliability coefficient of the measurements 
made with the 3 different instruments was 0.762. The reliability 

coefficient between TP and GAT was 0.571, indicating low 
reliability; the Cronbach’s alpha of 0.793 between NCT and 
GAT showed sufficiently reliable agreement. 

Discussion

Fewer comparative studies have been performed in pediatric 
patients than in adults. Although the TP may be easier to use 
with younger patients than the GAT and NCT, the results of 
our study show that measuring with the TP may yield IOP 
values which are artificially low. In this study we determined 
that NCT and GAT measurements show adequate reliability, 
while TP measurements showed low reliability. Furthermore, 
the difference between TP and GAT measurements grew as IOP 
values increased. This finding is consistent with previous studies 
demonstrating that the TP measures significantly lower than the 
GAT at IOP values over 20 mmHg.7

Other studies have shown that the NCT yields higher 
values than the GAT and that this difference increases as CCT 
increases.8 In the present study, the discrepancies between 
GAT measurements and those made with TP and NCT were 
uncorrelated with CCT but were associated with IOP elevation. 
In their 2006 publication, Alagöz et al.9 reported that the NCT 
gave significantly higher IOP values compared to the GAT, even 
in patients with normal IOP values. Akman et al.10 obtained 
similar results using the NCT and GAT in subjects with normal 
IOP and recommended using the NCT as a screening test 
and confirming high values with the GAT. In a similar study 
from 2002, Güler et al.11 found good agreement between the 
NCT and GAT and concluded that the NCT was a convenient, 
reproducible and reliable method.

Consistent with the results of the present study, Feng et al.12 
reported that the NCT yielded slightly higher values than the 
GAT in their 2015 study including 419 pediatric patients. They 
emphasized that the NCT may be a preferable method because 
it does not require local anesthetic. 

In contrast, Buscemi et al.13 conducted a study with 42 
pediatric patients and argued that, compared to the GAT, the 
NCT may yield false negative results in pediatric patients under 
9 years old and should not be used with patients under this age.

A previous study demonstrated that differences due to postural 
changes resulted in low reliability between measurements taken 
with the TP and pneumatic tonometry and those taken with 
the GAT.14 As all measurements were taken with patients in a 
seated position, any differences arising due to postural changes 
are not an issue in the present study. However, Takenaka et 
al.15 determined that the reliability of IOP measurements may 
be lower in children who move during assessment. Therefore, 
only cooperative subjects who were able to remain motionless 
during measurement were included in the present study. Despite 
this, the difference between GAT and NCT measurements 
significantly decreased with older age, while TP measurements 
were not affected. Furthermore, because TP measurement was 
done first, it is possible that the subjects may not have been able 
to sufficiently cooperate.

3

Figure 2. Bland-Altman scatter plot showing the errors in intraocular pressure 
measurements obtained with non-contact tonometer compared to Goldmann 
applanation tonometry results
NCT: Non-contact tonometer, GAT: Goldmann applanation tonometry

Figure 3. Correlation between the results of Goldmann applanation tonometry 
and measurements obtained using the Tono-Pen and non-contact tonometer. A 
moderately significant correlation was found between the measurements
TP: Tono-Pen, NCT: Non-contact tonometer
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Many earlier studies have demonstrated the link between 
CCT and measured IOP values.16,17 As none of the tonometers 
used in the present study allowed the evaluation of CCT or 
other parameters which may affect IOP measurement such as 
ocular rigidity or hysteresis, we used IOP values adjusted for 
CCT in our analysis. The formula we used in the present study 
was developed in 2004 by Shih et al.6 based on a mathematical 
formula proposed by Orssengo and Pye18 in their in vivo human 
cornea studies investigating the association between corneal 
elasticity and accurate IOP measurement. 

Study Limitations
One of the limitations of our study was the order of the 

devices used for measurements. The use of two different contact 
tonometers made it impossible to prevent possible IOP changes 
due to corneal compression or aqueous massage. However, 
opposite to the expected outcome, measurement with the NCT 
after both contact tonometers yielded the highest IOP values, 
while the first measurement using the TP was lowest. It is 
therefore unlikely that the order we used impacted the results, 
but there is a slight possibility that it caused the underestimation 
of discrepancies which may have been more pronounced using a 
different measuring order. 

Another limitation of our study was that the mean age of the 
subjects was 12.6±2.7 years. Larger studies which also include 
younger subsets of the pediatric population are needed.

Conclusion

Measurements obtained with both the TP and NCT were 
positively correlated with those from the GAT, the accepted gold 
standard IOP assessment method. It is expected that TP values 
will be lower and NCT values will be higher than GAT values, 
and these differences should be considered when following 
patients and making decisions regarding treatment and surgery. 
This study also demonstrated that measurements obtained with 
the TP are less reliable compared to those from the NCT, and 
that this discrepancy may be more pronounced at high IOP 
levels. 
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Objectives: To determine the early signs of pseudoexfoliation (PEX) in fellow eyes of cases with unilateral PEX. 
Materials and Methods: Fellow eyes of 34 cases with unilateral PEX were evaluated by slit-lamp and gonioscopy. Findings associated 
with PEX were recorded. 
Results: Mean age was 67.8±8.1 years (range 55-86 years). Twenty-five patients (73.5%) had pigmentation in the inferior angle and 
23 patients (67.6%) had Sampaolesi’s line located on the inferior angle in fellow eyes. The other most common findings were loss of 
peripupillary ruff in 10 patients (29.4%) and pigment dispersion following pupil dilation in 14 patients (41.1%).
Conclusion: Pigmentation in the inferior angle and Sampaolesi’s line on the inferior angle seem to be the most common early findings 
associated with PEX. Special attention should be paid to these findings in cases with ocular hypertension for proper management.
Keywords: Anterior segment, gonioscopy, pseudoexfoliation syndrome
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 Introduction

In pseudoexfoliation (PEX) syndrome, extracellular 
fibrillary material is deposited throughout the anterior 
segment, particularly over the anterior lens capsule in a 
characteristic double concentric ring pattern with a clear zone 
between the rings.1,2 Clinically, ocular involvement in PEX 
syndrome is described as unilateral in half of the patients.3,4 In 
an electron microscopic study, Parekh et al.5 reported that 26 
of 32 patients (81%) with clinically unilateral PEX had PEX 
material on either the lens capsule or conjunctival samples of 
the clinically unaffected eyes. Furthermore, several reports on 
the follow-up of patients with unilateral PEX documented 
that a proportion of the unilateral cases became bilateral.6,7 
This suggests that unilateral PEX is in fact a bilateral but 
asymmetric condition. 

In this study we aimed to determine the early signs of 
PEX syndrome in fellow eyes of cases with unilateral PEX 
syndrome. 

Materials and Methods

The study comprised 68 eyes of 34 patients aged 67.8±8.1 
(range 55-86) years with unilateral PEX syndrome who were 
examined between January 2014 and March 2015. Written 
informed consent was obtained from all patients enrolled in this 
cross-sectional non-interventional study. The study was approved 
by the Local Ethics Committee and conducted in accordance 
with the principles of the Declaration of Helsinki. None of 
the patients had undergone ocular surgery or laser treatment. 
Patients with any ocular disease (other than glaucoma) which 
might interfere with gonioscopy and fundus examination results, 
such as corneal opacities, cataracts, or retinal lesions; the 
presence or history of ischaemic, compressive, or inflammatory 
optic neuropathies; refractive errors greater than ±6 diopter 
(D); or inflammation or trauma in any eye, were excluded. 
Unilateral exfoliation was defined clinically as the presence 
of biomicroscopically detectable exfoliation material on the 
anterior lens capsule or at the pupillary border in one eye after 
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pupillary dilatation with 10% phenylephrine hydrochloride. 
Eyes were classified as clinically normal if there was no evidence 
of exfoliation material on the pupil, lens or angle.

All participants underwent a detailed ophthalmologic 
examination including slit-lamp examination, intraocular 
pressure (IOP) measurement using Goldmann applanation 
tonometry, gonioscopy and +90 D fundus examination. 
Gonioscopy, employing the Goldmann tri-mirror goniolens 
under standard conditions, was performed to visualize the angle 
and the angle recess; trabecular pigmentation was noted and 
open angle and angle closure suspects were defined according to 
the International Society for Geographical and Epidemiological 
Ophthalmology classification.8

IOP measurements were performed between 08:00 AM and 
10.00 AM. The highest IOP obtained from the medical history 
was accepted as “maximum IOP”.

Optic disc assessments were performed biomicroscopically 
with a 90-D lens and the average of vertical cupping was 
recorded as the cup-to-disc ratio.

Statistical Analysis
Statistical analysis was performed using SPSS software version 

10. Differences between eyes were analyzed using Student’s t-test 
and Mann-Whitney U test for non-parametric variables, while 
the chi-square test was used for analysis of differences among 
proportions. Statistical significance was set at 0.05.

Results
The records of 68 eyes of 34 patients with unilateral PEX 

syndrome were evaluated. Mean patient age was 67.8±8.1 (range 
55-86) years, and the male:female ratio was 20/14.

The mean IOP was 22.35±7.33 mmHg in eyes with 
PEX and 17.0±2.17 mmHg in normal eyes (p=0.001). The 
maximum IOP was 29.13±9.6 mmHg in eyes with PEX and 
18.7±2.7 mmHg in normal eyes (p<0.001).

Topical anti-glaucomatous medication was being applied in 
25 eyes with PEX and in 17 normal eyes (p=0.045). The disc 
cupping ratio was higher in eyes with PEX (0.58±0.25) than in 
normal eyes (0.17±0.07) (p=0.033). 

Twenty-five eyes (73.5%) had pigmentation in the inferior 
angle and 23 eyes (67.6%) exhibited Sampaolesi’s line located 
on the inferior angle. The other most common findings were loss 
of peripupillary ruff in 10 eyes (29.4%) and pigment dispersion 
following pupil dilation in 14 eyes (41.1%). The findings are 
shown in Tables 1, 2, 3 and 4. 

Discussion
There has been great variability in the prevalence of PEX 

syndrome, from 0.5% up to 33%.1,9 The prevalence of PEX 
syndrome in Turkey was reported as ranging between 11.2% and 
17.7% in different studies.10,11,12 

PEX syndrome is a systemic disease which leads to the 
development of glaucoma in up to 50% of cases.13,14,15 

Additionally, PEX syndrome is the most common identifiable 
cause of open-angle glaucoma, and accounts for an estimated 

25% of the open-angle glaucoma worldwide.16 The pathogenesis 
of exfoliation glaucoma represents an imbalance between 
aqueous humour secretion, outflow facility and optic nerve 
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Table 1. Comparison of anterior segment findings between 
eyes with pseudoexfoliation and normal fellow eyes

Findings Eyes with PEX 
(n=34)

Normal 
eyes

p

Mean IOP (mmHg)
Mean ± standard deviation 
(minimum - maximum)

22.35±7.33
(11-50)

17.0±2.17
(11-22) 0.001

Iris transillumination near the 
pupillary sphincter 

23 4
0.001

Loss of peripupillary ruff 31 10 0.043

Peripupillary PEX 22 0 0.001

Pigment on the anterior surface 
of iris

9 1
0.001

Concentric transillumination 
defect on iris

0 0

Pigment accumulation on the 
corneal endothelium

14 3
0.001

PEX flecks on the corneal 
endothelium

6 0
0.001

PEX: Pseudoexfoliation, IOP: Intraocular pressure

Table 2. Comparison of gonioscopic findings between eyes 
with pseudoexfoliation and normal eyes

Findings Eyes 
with 
PEX 
(n=34)

Normal 
eyes

p

Superior angle
Grade 0
      1
      2
      3
      4

0
0
12
19
3

0
0
10
20
4

0.691

Pigmentation of trabecular meshwork 
(inferior angle)
Grade 0
      1
      2
      3
      4

0
6
17
7
4

9
21
3
1
0

0.055

Pigmentation of trabecular meshwork 
(superior angle)
Grade 0
      1
      2
      3
      4

1
18
11
1
3

20
11
2
1
0

0.297

PEX on the angle 9 1 0.000

Sampaolesi’s line (inferior angle) 33 23 0.323

Sampaolesi’s line (superior angle) 6 0 0.000

PEX: Pseudoexfoliation
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microcirculation.17 Blockage of the trabecular meshwork by 
pigment and PEX material, and trabecular cell dysfunction 
eventually result in elevated IOP, which leads to PEX glaucoma.16

PEX syndrome is basically bilateral with asymmetric clinical 
manifestations,18 related with the rate of production, aggregation, 
and accumulation of the abnormal extracellular material in each 
eye.19 Immunohistochemical and electronmicroscopic studies 

in autopsy eyes obtained from donors with clinically unilateral 
PEX have also revealed that exfoliation is actually asymmetric 
rather than truly monocular.18,20 PEX material has been 
demonstrated on the iris and ciliary epithelia and in the dilator 
muscle of the iris in fellow eyes of clinically unilateral donors,19 
and vasculopathy in iris vessels has been reported to precede the 
appearance of exfoliative material in the posterior and anterior 
chambers of the eye.20 The vasculopathy and the consequent iris 
hypoperfusion have been documented in both glaucomatous and 
non-glaucomatous eyes with PEX and therefore, to some extent, 
are independent of IOP.21 

In this study, we accepted that the PEX is a bilateral but 
asymmetric disease and investigated early clinical findings 
in the eye that seems to be “normal”. This is the first study 
which investigated anterior segment and iridocorneal angle in 
this context in detail. In our study, the most common signs in 
fellow eyes were pigmentation in the inferior angle (73.5%) and 
Sampaolesi’s line located on the inferior angle (67.6%). The 
other common findings were loss of peripupillary ruff (29.4%), 
and pigment dispersion following pupil dilation (41.1%).

Rao22 conducted a study to compare clinical findings and 
retinal nerve fiber layer (RNFL) thickness in unilateral and 
bilateral PEX cases in order to identify predictors of early 
glaucomatous damage on optical coherence tomography. From a 
total of 32 unilateral PEX cases, 7 subjects demonstrated RNFL 
thinning in the clinically normal fellow eye; all of these eyes had 
evidence of pupillary ruff atrophy on slit-lamp examination in 
the absence of evident exfoliation material in the eye. Similar 
ruff atrophy with RNFL thinning was detected in 38 of 59 
bilateral and in 16 of 32 unilateral cases. The authors suggested 
that iris sphincter abnormality, clinically detected as pupillary 
ruff atrophy, may reflect early glaucomatous damage. Loss of 
peripupillary ruff (29.4%) was one of the common findings 
in our study as well. We know already that eyes with PEX 
are under greater risk for ocular ischaemic conditions because 
of pathological vascular alterations associated with PEX.7 
Vasculopathy in iris vessels leads to iris hypoperfusion and 
precedes clinical visualization of the PEX material.23 

Omura et al.24 compared ocular parameters between PEX-
positive and PEX-negative eyes in 49 subjects with unilateral 
PEX syndrome and reported that, compared to PEX-negative 
eyes, PEX-positive eyes had lower visual acuity, higher IOP, 
lower corneal endothelial cell density, thicker lenses, lower 
anterior chamber volume, higher flare values and required more 
antiglaucoma medications. The refractive errors, central corneal 
thickness and anterior chamber depth did not differ between 
the two groups. In that study, values such as corneal endothelial 
cell density, lens thickness, and anterior chamber volume were 
investigated. However, in our study we especially focused on 
studying the iridocorneal angle in more detail. 

Conclusion

This study presents a thorough investigation of anterior 
segment and iridocorneal angle changes in patients with 
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Table 3. Comparison of findings after dilation between eyes 
with pseudoexfoliation and normal eyes

Findings Eyes with 
PEX (n=34)

Normal 
eyes

p

Dispersion following pupil 
dilation

20 14 0.541

Homogeneous film on 
the surface of the anterior 
lens capsule

30 0 0.001

Poor mydriasis
Grade 0
      1
      2
      3

10
14
2
0

32
1
1
0

0.785

PEX on the surface of 
the anterior lens capsule

34 0
0.001

Bull’s eye sign 31 0 0.001

PEX on the peripheral 
surface of the anterior 
lens capsule

32 0
0.001

PEX on the zonules 8 0 0.001

Phacodonesis 2 0 0.703

Tilted lens 1 0 0.643

Central corneal thickness 548.0±28.55 
(471-592)

547.29±33.80 
(461-600)

0.556

Maximum intraocular 
pressure

29.13±9.6  
(16-60)

18.7±2.7  
(14-26)

0.001

Cup-to-disc ratio 0.58±0.25  
(0.4-1.00)

0.17±0.07 
(0.1-0.5)

0.033

PEX: Pseudoexfoliation 

Table 4. The comparison of eye colors and number of 
medications between eyes with pseudoexfoliation and normal 
eyes

Eyes with PEX (n=34) Normal eyes p

Color of the eye
      Brown
      Hazel 
      Green
      Blue 

20
7
5
2

20
7
5
2

Number of medications
      0
      1
      2
      ≥3

9
5
11
9

17
1
8
8

0.045

PEX: Pseudoexfoliation
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unilateral PEX syndrome. Pigmentation and Sampaolesi’s 
line at the inferior angle seem to be the earliest findings 
associated with PEX. Special attention should be paid to 
these findings in cases with ocular hypertension for proper 
management.
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Objectives: To describe ocular manifestations, diagnosis, and treatment of cat scratch disease.
Materials and Methods: Clinical records of patients with ocular cat scratch disease were reviewed.
Results: Thirteen eyes of 10 patients (7 female, 3 male) with a mean age of 26.9±18.5 years were included. Nine patients had a history 
of cat contact and had systemic symptoms associated with cat scratch disease 2-90 days prior to the ocular symptoms. Ocular signs 
were: neuroretinitis in 4 eyes (associated with serous retinal detachment in the inferior quadrant in 1 eye), optic neuropathy in 2 eyes 
(1 papillitis and optic disc infiltration, 1 optic neuritis), retinal infiltrates in 6 eyes, retinochoroiditis in 1 eye, branch retinal arteriolar 
occlusion in 3 eyes, and endophthalmitis in 1 eye. Visual acuities at presentation were 1.0 in 7 eyes, 0.3 in 1 eye, ≤0.1 in 4 eyes, and light 
perception in 1 eye. Bartonella henselae immunoglobulin (Ig) M and/or IgG were positive in all patients. Systemic antibiotic therapy was 
administered in all patients. Systemic corticosteroid treatment (15-40 mg/day) was added to the therapy in 4 patients, following 5 days 
of intravenous pulse methylprednisolone in 2 patients. Treatment was ongoing for 1 patient and the mean treatment duration of the other 
9 patients was 47±14.5 days. Visual acuities at final visit were 1.0 in 9 eyes, 0.8 in 1 eye, 0.4 in 1 eye, and no light perception in 1 eye.
Conclusion: Cat scratch disease may present with different ocular signs and should be considered in the differential diagnosis in 
patients with such presentations.
Keywords: Cat scratch disease, neuroretinitis, retinal infiltrate, optic neuropathy, endophthalmitis
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 Introduction

Cat scratch disease (CSD) is a systemic condition caused by 
the gram-negative zoonotic bacillus Bartonella henselae.1 The 
disease is usually transmitted to humans via the scratch or bite 
of cats, its natural reservoir. Recently, the cat flea (Ctenocephalides 
felis) has also been implicated as an arthropod vector of the 
disease.2,3 The most common clinical manifestation is lymphoid 
CSD. An individual infected as a result of cat scratch or bite 
develops erythematous papules or pustules at the site of primary 
cutaneous inoculation. Within 1-2 weeks, patients develop 
regional lymphadenopathy (LAP) as well as flu-like systemic 
symptoms such as fever and fatigue. This stage of the disease 
is usually self-limited, resolving within a few weeks. LAP is 

usually unilateral and may affect a single lymph node in 50% 
of cases, multiple lymph nodes in 20% and multiple lymph 
node regions in 30%. LAP may be painful and suppurative. 
Headache, anorexia, nausea, vomiting, and sore throat may also 
occur. Patients may develop nonspecific maculopapular rash and 
erythema nodosum.4,5 

Rarely, CSD may follow a disseminated course. The eye is 
the most commonly affected organ in disseminated CSD. Besides 
ocular involvement, hepatosplenic disease (splenomegaly, splenic 
abscess, or granulomatous hepatitis), encephalitis, pneumonia, or 
osteomyelitis may be observed.4,5 The clinical manifestations of 
ocular involvement include Parinaud oculoglandular syndrome, 
neuroretinitis, choroidal mass, retinal infiltrate, choroiditis, 
branch retinal vessel occlusion, serous retinal detachment, 



Turk J Ophthalmol 47; 1: 2017

intermediate uveitis, acute endophthalmitis, and anterior 
uveitis.6,7

This study was conducted with the aim of evaluating the 
various clinical findings associated with ocular involvement of 
CSD as well as management and follow-up of the disease.

Materials and Methods
The medical records of 6 patients treated and followed 

at the İstanbul University Faculty of Medicine, Department 
of Ophthalmology, Uveitis Clinic and 4 patients treated and 
followed at the Marmara University Faculty of Medicine, 
Department of Ophthalmology, Uveitis Clinic for CSD with 
ocular involvement between January 2007 and January 2016 
were analyzed. The study was a retrospective observational case 
series and was conducted in accordance with the Declaration of 
Helsinki (2008).

The patients’ files were evaluated in terms of demographic 
data, history of cat contact, medical and ocular history, visual 
acuity, intraocular pressure (IOP) and available anterior chamber 
flare measurements (Kowa Company Ltd., Electronics and 
Optics Division, Tokyo, Japan), anterior and posterior segment 
findings, laboratory findings, and treatment methods used. 

The Standardization of Uveitis Nomenclature criteria were used 
in the evaluation of anterior chamber and vitreous cells.8 We 
also evaluated color fundus photographs (Carl Zeiss Meditec, 
Hennigsdorf, Germany) taken at presentation and during 

follow-up, and any available fundus fluorescein angiography 
(Heidelberg Engineering, Heidelberg, Germany or Carl Zeiss 
Meditec, Hennigsdorf, Germany), optical coherence tomography 
(OCT) (Heidelberg Engineering, Heidelberg, Germany or OCT 
3, Stratus OCT; Carl Zeiss Meditec), and 30-2 computerized 
perimeter (Humphrey Systems, Inc., Dublin, CA, USA) findings.

Results
Thirteen eyes of 10 patients (7 female, 3 male) with ocular 

CSD were included in the study. The mean age at presentation 
was 26.9±18.5 (6-58) years. There were 5 pediatric patients 
(≤16 years old). None of the patients were immunodeficient 
or had other systemic diseases such as diabetes. Prior to 
presentation, 2 patients (patients 3 and 7) had been previously 
misdiagnosed with noninfectious optic neuritis and treated with 
pulse methylprednisolone therapy without additional antibiotic 
therapy, while 1 patient (patient 9) had been misdiagnosed with 
autoimmune uveitis and treated with systemic corticosteroid 
monotherapy. All patients presented for ocular symptoms, 
and history of cat contact and systemic symptoms were only 
expressed upon detailed questioning. The patients’ CSD-related 
systemic complaints and findings prior to presentation and 
ocular findings at time of presentation are presented in Table 
1. Nine patients had history of cat contact and had experienced 
symptoms indicating disseminated disease (fever, abdominal 
pain, weight loss, malaise, shortness of breath, and/or flu-like 
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Table 1. Previous systemic complaints and ocular examination findings at time of presentation in patients with ocular involvement of 
cat scratch disease

Patient 
Age (years)/
Gender

Cat contact Systemic complaint Ocular involvement 

1
29/Female

+ (pet) Anorexia and weight loss for 3 months Right retinal infiltrates

2
10/Female

* - Left optic neuritis

3
27/Male

+ (stray) Shortness of breath, fatigue 2 days before ocular 
symptoms

Right retinal infiltrates, branch inferior temporal artery 
occlusion that developed during follow-up 
Left neuroretinitis

4
54/Female

+ (pet) Flu-like symptoms for 15-20 days Right retinal infiltrates, branch superior nasal artery occlusion
Left retinal infiltrates

5
16/Male

+ (pet) Fatigue, fever 2 weeks prior to ocular symptoms Right retinal infiltrates
Left retinal infiltrates and branch superior nasal artery occlusion

6
41/Female

+ (stray) Flu-like symptoms 1 week prior to ocular symptoms Left papillitis and optic disc infiltration

7
12/Female

+ (stray) Fever and abdominal pain 1 week prior to ocular 
symptoms

Right neuroretinitis, posterior pole and inferior peripheral serous 
detachment

8
16/Female

+ (pet) Flu-like symptoms for 2 weeks Left neuroretinitis

9
6/Female

+ (stray) Flu-like symptoms and swelling of the neck 1 month 
prior to ocular symptoms

Left endophthalmitis

10
58/Male

+ (pet) Flu-like symptoms 1 month prior to ocular symptoms Left neuroretinitis and posterior pole retinochoroiditis

*Despite inquiry, it was not clear whether or not the patient had come into contact with a cat
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symptoms) starting 2-90 days earlier. For one child (patient 2), it 
was not clear after questioning whether or not there was a history 
of cat contact.

The patients’ ophthalmologic examination findings at 
presentation are summarized in Table 2. These findings included 
neuroretinitis in 4 eyes (associated with inferior peripheral serous 
retinal detachment in 1 eye), optic neuropathy in 2 eyes (1 with 
papillitis and optic disc infiltration, 1 with optic neuritis), 
retinal infiltrate in 6 eyes, retinochoroiditis in 1 eye, branch 
retinal artery occlusion in 3 eyes, and endophthalmitis in 1 eye 
(Table 1). Fundus photographs of patients 4, 6, and 7 are shown 
in Figures 1, 2, and 3, respectively. Visual acuity at presentation 
was 1.0 in 7 eyes, 0.3 in 1 eye, ≤0.1 in 4 eyes, and light 
perception in 1 eye. Slit-lamp examination revealed anterior 
chamber reaction in 2 eyes (patients 7 and 9); patient 9 also 

presented with endophthalmitis and exhibited wide posterior 
synechia and vascularized inflammatory membrane posterior 
to the lens in addition to anterior chamber reaction. The mean 
IOP of 12 of the eyes was 12.9±1.8 mmHg and mean flare value 
in the 7 eyes measured was 4.4±0.9 photon/ms. The eye with 
endophthalmitis (patient 9) was so hypotonic that IOP could not 
be measured by applanation tonometer. One eye that presented 
with retinal infiltrate (patient 3) developed branch occlusion in 
the infiltrated artery on the 9th day of treatment.

All patients tested positive for Bartonella henselae 
immunoglobulin (Ig) M and/or IgG. The results of detailed 
laboratory, systemic, and ocular imaging are summarized in 
Table 3. Diagnostic vitreal aspiration was performed on the 
eye with endophthalmitis (patient 9), but no bacteria, fungi, 
or hyphae were visible on direct inspection. Bacterial and 
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Table 2. Ocular examination findings at presentation in patients with ocular involvement of cat scratch disease

Patient
Age (years)/
Gender

Eye Vision RAPD Slit-lamp IOP
(mmHg)

Flare
(photon/ms)

Vitreous
(cells)

Fundus

1
29/Female

Right 1.0 - No cells 14 4.2 1+ PP retinal infiltrate, CME

2
10/Female

Left CF 1 m + No cells 12 4.3 No cells Papillary edema, increased vascular 
tortuosity

3
27/Male

Right 1.0 - No cells 13 3.1 No cells Inferior temporal retinal infiltrate*

Left 0.1 + No cells 14 3.9 No cells Neuroretinitis, macular star

4
54/Female

Right 1.0 - No cells 13 5.1 2+ PP temporal retinal infiltrate in and 
around the vascular arcades, SN BRAO, 
SN retinal whitening and edema

Left 1.0 - No cells 14 5.8 0.5+ PP temporal retinal infiltrate in and 
around the vascular arcades

5
16/Male

Right 1.0 - No cells 14 - 0.5+ ST and IN retinal infiltrate

Left 1.0 - No cells 15 - 0.5+ SN BRAO, SN OD retinal infiltrate

6
41/Female

Left CF 1 m + No cells 13 4.2 No cells Papillitis and OD infiltration 

7
12/Female

Right CF 10 cm + 1+ 8 - 1+ Neuroretinitis, PP preretinal hemorrhage, 
PP and inferior peripheral serous retinal 
detachment

8
16/Female

Left 1.0 - No cells 13 - No cells Neuroretinitis, macular star 

9
6/Female

Left LP - 1+, wide PS, 
vascularized 
inflammatory 
membrane 
posterior to the 
lens 

Digital 
hypotony

- Opacities 
on orbital 
USG

Could not be visualized

10
58/Male

Left 0.3 - No cells 12 - 1+ Submacular retinochoroiditis, macular star

IOP: Intraocular pressure, RAPD: Relative afferent pupillary defect, CF: Counting fingers, LP: Light perception, PP: Posterior pole, CME: Cystoid macular edema, BRAO: Branch retinal artery 
occlusion, SN: Superonasal, ST: Superotemporal, IN: Inferonasal, OD: Optic disc, PS: Posterior synechia, USG: Ultrasonography, *On the 9th day of treatment, inferotemporal BRAO developed 
in the infiltrate field
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fungal cultures were negative. The vitreal fluid was determined 
acellular by cytopathologic analysis. 

All patients received antibiotic (doxycycline, ciprofloxacin, 
clarithromycin, azithromycin, rifampicin, ceftriaxone) 
therapy. This therapy was augmented with intravenous pulse 

methylprednisolone therapy for 5 days in 2 patients and 15-40 
mg/day oral corticosteroid therapy in 4 patients. Antibiotic 
therapies and systemic corticosteroid doses and durations 
administered to the patients are shown in Table 4. Treatment was 
ongoing for patient 6; the mean treatment duration for the other 
9 patients was 47±14.5 (21-63) days. Table 5 shows the patients’ 
ophthalmologic examination findings at final examination. Final 
visual acuity was 1.0 in 9 eyes, 0.8 in 1 eye, 0.4 in 1 eye, and no 
light perception in the eye that presented with endophthalmitis. 
Mean follow-up time was 106±79.7 (21-270) days. 

Discussion 

CSD is a zoonotic disease which shows no discrimination based 
on gender or race. Though it may occur in patients of any age, the 
large majority of reported cases are in children and adolescents. 
According to the literature, adults represent an average of 20% of 
cases; however, 50% of the cases in our study were adults.9

Bartonella henselae often causes chronic bacteremia in kittens 
and nursing cats, and previous studies have reported feline infection 
rates of 10-40%.1,2 Studies have also shown that 90-95% of CSD 
patients have a history of cat contact, although ocular CSD has also 
been documented in patients without a history of cat contact.10 
Nearly all of the patients in our series reported cat contact. 
However, patients only offered specific information regarding cat 
contact and systemic complaints when asked. None of the patients 
had been previously diagnosed with CSD, even those who had 
seen a doctor for the systemic symptoms they experienced prior to 
their ocular complaints. Therefore, raising awareness of the ocular 
findings of CSD is important in terms of diagnosis. 

The most common and classic sign of ocular CSD is 
neuroretinitis characterized by sudden, painless vision loss, 
but this sign is not pathognomonic. Although Bartonella 
henselae is identified as the etiologic factor in two-thirds of 
neuroretinitis cases, it can also be caused by Behçet’s disease, 
toxoplasma and other infectious diseases.11,12 Neuroretinitis 
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Figure 1. Imaging of patient 4 performed at time of presentation: right eye 
color fundus photographs (A and D), right eye fluorescein angiography (B and 
E), optical coherence tomography cross-section including retinal infiltrates in 
the superotemporal quadrant of the right eye (C), color photography of left eye 
(F), and fluorescein angiography image (G). Color fundus photography of the 
right eye shows multiple retinal infiltrates in the posterior pole and superonasal 
quadrant, and a superonasal area of retinal edema adjacent to the optic disc (A and 
D). Fluorescein angiography of the right eye shows partial staining of the optic 
disc, posterior pole retinal infiltrates with central hypofluorescence surrounded by 
hyperfluorescence, an area of retinal ischemia adjacent to the optic disc and arteriole 
filling defect (arrow) in the superonasal quadrant (B and E). Optical coherence 
tomography corresponding to the retinal infiltrates in the superotemporal quadrant 
of the right eye (indicated by arrows in A, B and C) shows focal hyperreflective 
retinal thickening (C). Color fundus photography of the left eye revealed multiple 
retinal infiltrates at the posterior pole (F). Fluorescein angiography of the left eye 
shows partial staining of the optic disc and posterior pole retinal infiltrates with 
central hypofluorescence surrounded by hyperfluorescence (G)

Figure 2. Left eye color fundus photograph of patient 6 taken at presentation 
shows papillitis and infiltrates in the nasal aspect of the optic disc 
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is usually unilateral, though bilateral cases have also been 
reported.13 Visual acuity in the affected eye can vary between 
light perception and 1.0 at presentation and vision may 
rapidly deteriorate within a matter of days. Patients often 
exhibit relative afferent pupillary defect, dyschromatopsia, and 
central, cecocentral, or arcuate visual field defects. Macular 
star may appear a few days after vision loss begins and become 
more distinct over 2-3 weeks.11,12,13 In our case series, 
we noted isolated unilateral neuroretinitis in 2 patients, 
neuroretinitis with serous retinal detachment in the inferior 
quadrant in 1 patient, and unilateral neuroretinitis with 
contralateral retinal infiltrate and subsequent inferotemporal 
branch arteriolar occlusion in 1 patient. Despite the presence 
of atypical findings accompanying neuroretinitis in these 2 
patients, they had been diagnosed as optic neuritis and treated 
with pulse methylprednisolone at other medical centers. 
Isolated optic neuritis may occur rarely in CSD. In our case 
series, isolated optic neuritis was only observed in one child. 

Particularly in children and young adults, infectious agents 
like Bartonella henselae must be excluded before initiating pulse 
methylprednisolone therapy for neuroretinitis or optic neuritis. 

CSD may also clinically manifest with retinal infiltrates 
resembling cotton-wool exudates, retinochoroiditis, retinal artery 
occlusion, or endophthalmitis, as we observed in our case series. 
Superficial infiltrates appearing as soft exudates lacking vitreous 
cells were observed on the retinal surface in 4 patients and on the 
optic disc in 1 patient in our series. Although the mechanism by 
which these infiltrates form is not fully understood, it is believed 
they arise secondary to ischemia resulting from retinal arteriole 
occlusion.14 The superficial retinal infiltrates seen in ocular 
CSD must be differentiated from retinitis or retinal infiltrates 
seen in ocular manifestations of Behçet’s uveitis, sarcoidosis, 
rickettsia and toxoplasma. Retinal infiltrates in CSD show 
central hypofluorescence and surrounding hyperfluorescence on 
FA. On OCT, they appear as focal hyperreflective thickening, 
particularly in the inner retinal layers. This OCT finding 
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Figure 3. Right eye color fundus photographs from patient 7 taken at presentation (A and B), in the 4th week of treatment (C and D) and at final examination (E). 
Neuroretinitis, posterior pole hemorrhages, and posterior pole and inferior peripheral serous detachment are evident at presentation (A and B). Reduced optic disc edema, 
regression and slight pallor of the infiltrates, and multiple hard exudates in the posterior pole and inferior periphery are apparent after 4 weeks of treatment (C and D). At 
final examination, optic disc pallor and surrounding gliotic membrane as well as a large nerve fiber layer defect in the posterior pole are visible (E)
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Table 3. Laboratory findings and imaging results at presentation in patients with ocular involvement of cat scratch disease

Patient
Age (years)/
Gender

Negative laboratory results Positive laboratory 
results

Ocular imaging Other imaging

1
29/Female

CSD, PPD; Syphilis, Lyme 
disease, and Toxoplasma serology, 
Bartonella henselae IgM

Bartonella henselae IgG 
(1:320), ESH: 20 mm/
hr

 Early hypo-, late hyperfluorescent lesion 
under the right ST vessel arcade
OCT: Right CME and subretinal fluid

-

2
10/Female

TSD, CRP, ESR; Toxoplasma and 
Brusella serology, Quantiferon, 
Anti-NMO IgG, Bartonella 
henselae IgG

Bartonella henselae IgM Visual field: Not reliable
Retinal nerve fiber layer analysis: 
Thinning in the left superior quadrant

Cranial MRI: N
Orbital MRI: Left optic nerve widening 
and enhancement
Paranasal sinus CT: Sinusitis
Chest X-ray: N

3
27/Male

CSD, Hepatitis and syphilis 
serology, ESR

T. gondii IgG, Anti-
Hbs, Rubella IgG, 
Cytomegalovirus IgG, 
CRP, Bartonella henselae 
IgM (1:100) and IgG 
(1:320)

FA: Right IT infiltrates show central 
hypofluorescent surrounded by 
hyperfluorescent staining, delayed 
IT arteriolar filling and IT vein wall 
staining
Heavy fluorescein leakage from the left 
OD, early hypo-, late hyperfluorescent 
juxtapapillary infiltrate 
Visual field: Bilateral generalized 
depression

Cranial MRI: N
Orbital MRI: N

4
54/Female

CSD, PPD; Syphilis, ACE, 
Lysozyme, CRP

Bartonella henselae 
IgM (1:100) and IgG 
(1:320), ESR: 90 mm/
hr, 

FA: Focal staining of right/left optic 
disc, PP retinal infiltrates showing 
central hypofluorescence and 
surrounding hyperfluorescence located 
in and around the temporal vascular 
arcades
Right SN arteriole filling delay 
Visual field: Right IT quadrantanopsia

Chest X-ray: N

5
16/Male

CSD, ESR, CRP Bartonella henselae IgG FA: Hyperfluorescence foci in the ST 
and IN of right eye; sheathing of the 
veins returning from the OD, SN 
branch retinal artery occlusion, vascular 
leakage in temporal periphery in left 
eye,
Visual field: Left IT quadrantanopsia

-

6
41/Female

CSD, CRP, ESR; Toxoplasma, 
Syphilis, Hepatitis B and C 
serology, Quantiferon, anti-
Aquaporin 4

Bartonella henselae 
IgM (1:100) and IgG 
(1:320), Homocysteine

FA: Left OD staining, early and late 
hyperfluorescent soft exudates in the 
nasal OD

Cranial MRI: N

7
12/Female

CSD, PPD; Syphilis, Toxocara, 
Lyme disease, and Toxoplasma 
serology; ACE, Lysozyme, 
Peripheral spread

Bartonella henselae 
IgM (1:100) and IgG 
(1:320), ESR: 25 mm/
hr, CRP

- Chest CT: N

8
16/Female

CSD, PPD; Syphilis, Toxocara, 
Lyme disease, and Toxoplasma 
serology, Bartonella henselae IgM

Bartonella henselae IgG Visual field: Enlarged blind spot in the 
left eye

-

9
6/Female

CSD, peripheral spread, ACE, 
lysozome, PPD, cytomegalovirus 
serology, Bartonella henselae IgM

Bartonella henselae IgG, 
ESR: 25 mm/hr, CRP

Orbital USG: Punctate opacities and 
choroidal thickening in the vitreous of 
the left eye

Chest CT: N
Orbital MRI: Enhancement around the 
left ciliary body and along the choroid

10
58/Male

CSD, PPD; Syphilis, Toxocara, 
Lyme disease, and Toxoplasma 
serology; ACE, Lysozyme, 
Peripheral spread

Bartonella henselae IgM 
and IgG, ESR: 68 mm/
hr, CRP

OCT: Left central macular thickening 
and serous retinal detachment

Chest CT: N
OCT: PP subretinal fluid

WBC: Whole blood count, PPD: Purified protein derivative, ESR: Erythrocyte sedimentation rate, FA: Fluorescein angiography, ST: Superotemporal, IT: Inferotemporal, OCT: Optical coherence 
tomography, CME: Cystoid macular edema, CT: Computed tomography, MRI: Magnetic resonance imaging, NMO: Neuromyelitis optica, IN: Inferonasal, SN: Superonasal, OD: Optic disc, 
PP: Posterior pole, ACE: Angiotensin converting enzyme, CRP: C-reactive protein, USG: Ultrasonography
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resembles the retinal infiltrates seen in Behçet’s and rickettsia. 
Typical OCT findings in toxoplasma retinochoroiditis are focal 
choroidal thickening under the lesion and concentrated cell 
infiltration in the posterior hyaloid overlying the lesion. The 
retinal infiltrates seen in active Behçet’s uveitis are generally 
accompanied by diffuse vitritis, whereas vitreous cells are usually 
not present over CSD retinal infiltrates. 

Superficial retinal infiltrates associated with CSD require 
close follow-up, as they can lead to branch artery thrombosis, 
as we observed in our cases. Bartonella henselae is an intracellular 
bacterium that infects erythrocytes and endothelial cells, and 
may cause vascular occlusion due to its affinity for vascular 
endothelium. Branch retinal artery occlusion due to CSD has 
been documented in the literature in various case reports and 
series.15,16,17,18,19,20,21 Patients exhibit alterations in visual 
acuity in accordance with the location of the affected artery. 
Because our patient’s peripheral arteries were involved, his 
central vision was unaffected, but there was permanent visual 
field loss in the area corresponding to the occlusion. 

Endophthalmitis is a rare presentation of CSD, and only a 
few such cases have been previously reported. In these patients, 
Bartonella serology may yield negative results from serum but 
positive results from vitreous fluid.22 In our case, serum was 
positive for Bartonella henselae IgM and IgG, thus eliminating the 
need to evaluate the vitreous fluid. 

CSD may cause severe systemic involvement in 
immunosuppressed patients. It has been reported to lead to 
bacillary angiomatosis in patients who are HIV positive.23 None 
of our patients were immunocompromised and none exhibited 

any signs of angiomatosis. On the other hand, we have never 
encountered ocular CSD in any of the HIV-positive patients 
followed in our clinic.

CSD is diagnosed based on clinical (systemic and/or 
ophthalmologic) symptoms and findings; serologic tests support 
the diagnosis. High B. henselae IgM titer is an indicator of acute 
infection and values typically return to normal within 3 months. 
B. henselae IgG rises over time and remains positive up to 2 
years. Positive B. henselae IgM or high B. henselae IgG titer are 
sufficient for CSD diagnosis.24 In the present study, all patients 
tested positive for B. henselae IgM and/or IgG. Five patients were 
positive for both IgM and IgG, 4 were positive for just IgG, and 
1 was positive only for IgM. 

CSD is self-limited in individuals with healthy immune 
systems, and treatment is controversial. Treatment with 
erythromycin, doxycycline, or azithromycin is recommended 
for patients without immune deficiency or other systemic 
diseases like diabetes. Rifampicin, trimethoprim-sulfametoxazol, 
quinolones, or intravenous aminoglycosides are also effective 
treatment alternatives.25,26 Of the cases in our series, doxycycline 
was the most commonly used antibiotic and in most cases was 
administered in combination with quinolone, macrolide, and/
or rifampicin. The duration of antibiotic treatment is disputed. 
HIV-positive patients are recommended to continue treatment 
for 2 to 4 months, whereas 10 days to 3 weeks has been reported 
as sufficient for patients with ocular involvement.4 The use of 
systemic corticosteroids in treatment is also a subject of debate. In 
the present study, we were unable to assess the effect of systemic 
corticosteroids on prognosis because the cases in our series 
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Table 4. Treatment methods and durations in patients with ocular involvement of cat scratch disease

Patient
Age (years)/Gender

Treatment and duration Total treatment 
duration (days)

1
29/Female

Doxycycline 200 mg/day (55 days) + ciprofloxacin 1 g/day (from treatment day 3 to day 14), prednisolone* 15 
mg/day (from treatment day 3 to day 21)

55

2
10/Female

Pulse methylprednisolone 750 mg/day (5 days) followed by prednisolone* 25 mg/day (30 days), intravenous 
ceftriaxone 2 g/day (5 days) and then clarithromycin 500 mg/day (25 days)

30

3
27/Male

Doxycycline 200 mg/day (42 days) + ciprofloxacin 1 g/day (42 days), prednisolone* 40 mg/day (35 days) 42

4
54/Female

Doxycycline 200 mg/day (60 days) + ciprofloxacin 1 g/day (14 days), prednisolone 40 mg/day (60 days) 60

5
16/Male

Doxycycline 200 mg/day (50 days) + ciprofloxacin 1 g/day (50 days), prednisolone 20 mg/day (30 days) 50

6
41/Female

Pulse methylprednisolone 1 g/day (5 days) followed by prednisolone* 40 mg/day, doxycycline 200 mg/day + 
azithromycin 500 mg/day + rifampicin 600 mg/day (starting on the 11th day of treatment)

Treatment ongoing

7
12/Female

Intravenous clarithromycin 500 mg/day (7 days) followed by doxycycline 100 mg/day (56 days) + rifampicin 
300 mg/day (56 days)

63

8
16/Female

Azithromycin 500 mg/day (21 days)** 21

9
6/Female

Doxycycline 100 mg/day (60 days) 60

10
58/Male

Doxycycline 200 mg/day (42 days) 42

*Initial dose is indicated, dosage was gradually reduced each week, **Treatment was discontinued early
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represented the treatment approaches of two different clinics, 
the number of patients was low, and the study was retrospective. 
The prognosis was very good in all patients except the case with 
endophthalmitis.

Conclusion

CSD is not limited to neuroretinitis or optic neuritis, but 
can also manifest with superficial retinal infiltrates, retinal artery 
occlusion, or endophthalmitis. Asking patients about their 
history of cat contact and performing Bartonella henselae serologic 
analysis are important in the differential diagnosis of these 
clinical manifestations.
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Table 5. Ocular examination findings at final follow-up in patients with ocular involvement of cat scratch disease

Patient
Age (years)/
Gender

Eye Vision RAPD Slit-lamp IOP
(mmHg)

Flare
(photon/ms)

Vitreous
(cells)

Fundus

1
29/Female

Right 1.0 - No cells 13 3.6 No cells Isolated hard exudates in the macula

2
10/Female

Left 1.0 - No cells 12 4.6 No cells Peripapillary atrophy

3
27/Male

Right 1.0 - No cells 13 3.2 No cells IT arteriolar sheathing

Left 0.8 - No cells 14 3.4 No cells Peripapillary atrophy, temporal OD 
whitening

4
54/Female

Right 1.0 - No cells 13 3.8 No cells SN arteriolar narrowing

Left 1.0 - No cells 13 6.1 No cells Normal

5
16/Male

Right 1.0 - No cells 12 - No cells Normal

Left 1.0 - No cells 11 - 0.5+ Collaterals adjacent to the area of SN 
branch artery occlusion 

6*
41/Female

Left

7
12/Female

Right 0.4 - No cells 10 - No cells Gliosis over OD, RPE changes in the 
macula

8
16/Female

Left 1.0 - No cells 12 - No cells Normal 

9
6/Female

Left NLP - Regression 
of the PS and 
vascularized 
inflammatory 
membrane 
posterior to the 
lens

Digital 
hypotony

- Could not be 
visualized

Could not be visualized

10
58/Male

Left 1.0 - No cells 13 - No cells Normal

RAPD: Relative afferent pupillary defect, IOP: Intraocular pressure, IT: Inferotemporal, OD: Optic disc, SN: Superonasal, RPE: Retina pigment epithelium, NLP: No light perception, PS: Posterior 
synechia, *Patient’s treatment was ongoing
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Objectives: To evaluate demographic characteristics and clinical outcomes of work-related open globe injuries in the most industrialized 
region of Turkey.
Materials and Methods: The demographic and medical records of patients with work-related open globe injuries who presented to 
the ophthalmology or emergency departments with an official occupational accident report were retrospectively reviewed. Visual acuity 
categories were defined according to the World Health Organization. The injury types and zones of the open globes were classified 
according to Birmingham Eye Trauma Terminology System. 
Results: Among 479 patients with work-related eye injuries in 5 years, there were 102 eyes of 101 patients with open globe injuries 
(21%). The mean age of the patients was 34.5±8.9 years with a mean follow-up of 12.5±12.6 months. The injuries peaked in June in the 
hour between 12:00 and 13:00. Eighty-six percent presented to emergency services within 12 hours after the injury. Twenty-two percent 
of the patients had been wearing protective eyewear at the time of injury. The open globe injuries were penetrating in 51%, intraocular 
foreign body in 40%, rupture in 7% and perforation in 2% of the eyes. The most frequent finding was traumatic cataract. Final visual 
acuity of 33.3% of patients was below 3/60. Seventy-eight percent of patients that had visual acuity worse than 6/18 at presentation 
had visual acuity of 6/18 or better at final visit. Sixty-three percent of eyes which had injuries involving all 3 zones resulted in phthisis 
bulbi, enucleation or evisceration.
Conclusion: Work-related open globe injuries may have severe consequences such as visual impairment and blindness among the 
young male working population in industrialized areas. Nearly half of the occupational open globe injuries resulted in visual impairment 
and blindness.
Keywords: Blindness, work-related eye injury, open globe injury, visual impairment, work accident
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 Introduction

Work-related ocular trauma is an important cause of 
visual impairment and blindness globally, with a significant 
socioeconomic impact.1,2,3,4 In Turkey, it has been reported that 
among the work-related injuries admitted to tertiary emergency 
centers, 3.9-5% were ocular trauma.5,6 Open globe injuries 
were found to be most serious type of ocular trauma with 
regard to visual outcome.7,8 Work-related open globe injuries 
constitute a considerable proportion of all open globe injuries 
(28.4-40.3%) in different reports from Turkey.9,10,11,12 To our 
knowledge, the outcome of work-related open globe injuries in 
Turkey has not been reported before. In this study, our aim was 

to evaluate demographic characteristics and clinical outcome 
of work-related open globe injuries in the most industrialized 
region of Turkey.

Materials and Methods

The medical records of patients with ocular injuries who 
presented to the Ophthalmology or Emergency departments of 
Uludağ University between January 2010 and December 2015 
with official occupational accident reports were retrospectively 
reviewed. The patients with work-related open globe injuries 
were included. Age, sex, information about the injury season and 
time, the injured eye, the use of protective eyewear, the objects 
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that caused the trauma, initial and follow-up examinations, 
zone of injury, primary and secondary surgical procedures and 
outcomes were recorded. Patients were contacted by phone to 
complete missing information regarding their workplace and 
use of protective eyewear. We obtained complete information 
for 85 of 101 patients; information about 16 patients was not 
available. The initial and final visual acuities (VA) of the patients 
were divided into visual impairment categories as defined by 
the World Health Organization (WHO). WHO criteria are 
accepted worldwide, so we used these criteria for standardization. 
Blindness is defined as a presenting VA worse than 3/60 or a 
corresponding visual field loss of less than 10° in the better 
eye. Visual impairment is defined as a presenting VA of worse 
than 6/18 and equal to or better than 3/60.13 The injury types 
and zones of the open globes were classified according to the 
Birmingham Eye Trauma Terminology System.14 

The SPSS 22 statistical programme (IBM Corp., USA) was 
used for statistical analysis. Pearson correlation test was used to 
assess the correlation between initial VA, number of surgeries 
and final VA. Pearson chi-squared test was used to compare 
initial and final visual impairment/blindness status. Fisher’s 
exact test was used to assess the relation between the use of 
protective eyewear and the presence of protective eyewear in the 
workplace. Paired samples t-test was used to compare initial and 
final VA.

Results

Among 479 patients with work-related eye injuries seen at 
Uludağ University in 5 years, there were 102 eyes of 101 patients 
with open globe injuries (21%). The mean age of the patients 
was 34.5±8.9 years with a mean follow-up of 12.5±12.6 months. 
The majority of the injuries occurred in men (99%). About 40% 
of the injuries took place in June (13.7%), December (12.7%) 
and March (11.8%) (Figure 1). Right eyes were injured in 39 
patients (38.3%), and left eyes were injured in 61 patients 

(60.4%). Bilateral open globe injury was observed in one patient. 
Distribution of time of injury over 24 hours (expressed as one 
hour intervals) is shown in Figure 2. The mean time elapsed 
from injury to presentation to emergency services was 7.4±13.3 
hours. Eighty-six percent presented to emergency services within 
12 hours of the injury, 6% presented 12-24 hours after the injury, 
and 6% presented 24-48 hours after the injury. One patient 
presented 4 days after the injury and one presented 12 days after 
the injury. Both had endophthalmitis at initial examination. The 
objects that caused the injury and the occupations of the patients 
are given in Table 1 and Table 2. 

Nineteen patients (22%) had been wearing protective 
eyewear at the time of injury, 91.7% (17 patients) of them 
stated that their workplace provided protective eyewear. Sixty-
six patients (78%) had not been wearing protective eyewear at 
the time of injury, and 39.5% of them (26 patients) stated that 
their workplace had protective eyewear. The ratio of patients who 
wore protective eyewear was significantly higher in workplaces 
that provided protective eyewear (p=0.002), and a significantly 
higher proportion of large-scale companies provided protective 
eyewear when compared with small-scale companies (p<0.001). 
Most of the patients who had been wearing protective eyewear at 
the time of injury were working in large companies (p=0.019).

Of 101 patients, 9 (9%) had another work-related injury, 
before or after the work-related open globe injury; these were 
hand injury in 5 patients, fall in 1 patient, and ocular trauma and 
corneal foreign body in 3 patients. 

The open globe injuries were classified according to 
Birmingham Eye Trauma Terminology System14 as penetrating 
in 52 (51%), intraocular foreign body in 41 (40%) and rupture 
in 7 (7%) and perforation in 2 (2%) eyes. There were 52 zone 
I (50.9%), 10 zone II (9.9%) and 2 zone III (1.9%) injuries. 
Fifteen eyes (14.7%) had injuries involving zones I and II, 
16 eyes (15.7%) had injuries involving all 3 zones and 7 
eyes (6.9%) had injury involving zones II and III. Traumatic 
cataract and/or crystalline lens dislocation were observed in 73 
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Figure 1. Distribution of work-related open globe injuries by month of occurrence Figure 2. Distribution of work-related open globe injuries by time of occurrence
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eyes (71.5%), and other findings were iris injury in 63 eyes 
(61.8%), hyphema in 47 eyes (46.1%), vitreous hemorrhage 
and/or posterior segment injury in 40 eyes (39.2%). In 16 
(15.7%) cases, there were additional injuries: limb injury in 
2, eyelid laceration in 10, multiple lacerations involving the 
eyebrow and face in 3, and orbital wall and zygomatic fracture 

in 1 patient. Presenting VA acuity was light perception in 26 
(25.7%) and no light perception in 10 (9.9%) patients. The 
mean logMAR VA of the others was 1.7±1.3. The mean final 
logMAR VA was 0.6±0.8. Final VA was no light perception 
in 16 patients (15.8%) and light perception in 7 patients 
(6.9%). The final VAs were significantly improved compared 
to initial VA (p<0.001) and there was a significant positive 
correlation between initial and final VA (r=0,385, p=0,002). 
The initial and final VAs of the patients and categories of 
visual impairment according to WHO criteria13 are shown 
in Table 3. Forty-six percent of patients who were blind at 
presentation were blind at final visit. Seventy-eight percent 
of patients that had vision worse than 6/18 at presentation 
had VA of 6/18 or better at final visit. Three patients who had 
6/18 or better VA initially became visually impaired or blind 
during follow-up (p<0.001). Out of 102 eyes, 83 underwent 
primary repair. Lens aspiration was performed in 4 eyes and 
lens aspiration with removal of intralenticular foreign body 
was performed simultaneously with primary repair in one 
patient. Nine patients underwent primary repair and removal 
of foreign bodies in the anterior chamber. Out of 19 eyes that 
did not require primary repair, 3 eyes without IOFB were 
treated with bandage contact lens for corneal laceration, 13 
eyes underwent pars plana vitrectomy and IOFB removal, 2 
underwent phacoemulsification for removal of intralenticular 
foreign body, and 1 underwent anterior chamber washout for 
removal of foreign body in the anterior chamber. Primary repair 
was performed within 12 hours of admission in 60 patients and 
within 24 hours in 16 patients. Six patients were referred to our 
department after primary repair elsewhere. The primary surgery 
was performed after 48 hours in 2 patients. The others who did 
not require primary repair underwent surgery for IOFB removal 
after an average of 4.6±3.5 days. Of 43 eyes with IOFB, 29 were 
in the vitreous or lodged in the retina, 10 were in the anterior 
chamber, and 2 were intralenticular. Two foreign bodies were 
actually outside the globe, 1 in the orbit and the other in the 
ethmoid sinus. Forty of the IOFBs were metallic and 3 were 
stone. The mean number of surgeries was 1.8±1.0. There was a 
positive correlation between the number of surgeries performed 
and logMAR VA (r=0.252, p=0.025). Primary and additional 
surgeries performed after primary repair are shown in Table 4. 

At final visit, 46 eyes were pseudophakic, 26 were phakic, 
10 had traumatic cataract, 15 eyes were aphakic, and 4 eyes had 
undergone evisceration and 1 eye had undergone enucleation. 
Twelve of the 34 eyes that had VA under 3/60 resulted in 
phthisis bulbi, enucleation or evisceration. Ten of these 12 eyes 
had injuries encompassing all zones, and 2 eyes had injuries in 
zones II and III. The final clinical outcomes of patients with 
respect to visual impairment and blindness are shown in Table 5. 

Discussion

Both in Turkey and worldwide, eye injuries, especially open 
globe injuries (either work-related or not), predominantly affect 
men.15,16,17,18,19,20 Accordingly, 99% of the patients in the 
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Table 1. Causative objects of the work-related open globe 
injuries

Number Ratio (%)

Metallic foreign body 32 31.3

Unknown foreign body 21 20.6

Nail 12 11.8

Wire 9 8.8

Wood 6 5.9

Stone 3 2.9

Glass 3 2.9

Wrench 2 2.0

Screwdriver 2 2.0

Scissors 1 1.0

Finger 1 1.0

Plastic 1 1.0

Iron plate 1 1.0

Ceramic 1 1.0

High pressure oil 1 1.0

Accumulator explosion 1 1.0

Knife 1 1.0

Air hose 1 1.0

Screw 1 1.0

Coil spring 1 1.0

Pressure gauge explosion 1 1.0

Total 102 100.0

Table 2. Industrial sectors of work-related open globe injuries 
occurred

Industrial sector Number Ratio (%)

Metalworking industry 39 38.2

Construction industry 22 21.6

Automotive industry 11 10.8

Furniture industry 11 10.8

Textile industry 4 3.9

Machinery industry 3 2.9

Municipal employees 3 2.9

Glass and ceramic industry 3 3.0

Office worker 2 2.0

Mining industry 2 2.0

Conduit industry 1 1.0

Total 101 100.0
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Table 3. The initial and final visual acuities of the patients and categories of visual impairment according to World Health Organization 
criteria13

Initial visual 
acuity

Final visual acuity

<3/60 6/18-3/60 ≥6/18 Total

Count
Row 
n %

Column 
n % Count

Row n 
%

Column 
n % Count

Row n 
%

Column 
n % Count

Row 
n %

Column 
n %

<3/60 32 46.4 94.1 10 14.5 76.9 27 39.1 49.1 69 100.0 67.6

6/18-3/60 1 11.1 2.9 1 11.1 7.7 7 77.8 12.7 9 100.0 8.8

≥6/18 1 4.2 2.9 2 8.3 15.4 21 87.5 38.2 24 100.0 23.5

Total 34 33.3 100.0 13 12.7 100.0 55 53.9 100.0 102 100.0 100.0

Table 5. The final clinical outcomes of patients according to World Health Organization visual acuity categories
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<3/60 12 13 2 5 9 3 2 3 - 2 1 1 - 2

3/60-6/18 - - 3 - 10 5 - - - - - 1 - -

>6/18 - 2 21 5 27 1 - - 2 - - 2 1 -

Total 12 15 26 10 46 9 2 3 2 2 1 4 1 2

VA: Visual acuity

Table 4. Primary and additional surgeries performed after primary repair
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3rd - - 4 10 10 - 2 1 1 - -

4th - - - - 2 - 5 - - - 1

5th - - 1 1 - - 2 - - - -

*Some of the operations in each row were performed simultaneously with other operations, IOL: Intraocular lens, IOFB: Intraocular foreign body
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present study were men. This may be related to the working 
sectors of the patients. The metalwork and construction sectors, 
which employ mostly men, were predominant in this study. In 
this study, the mean age of the subjects was 34.5±8.9 years. A 
study involving work-related eye injuries from western Turkey 
reported that the mean age was 28.1±6.5 years, but the majority 
of the injuries occured in individuals 25-34 years old.21 In 
another study from China, the mean age was reported to be 
39.2±11.16 years.1 A similar result was reported from northern 
Thailand.4 However, these studies evaluated all occupational eye 
trauma involving both closed and open globe injuries. Kanoff et 
al.22 reported a mean age of 35.8 years in 146 patients with open 
globe injuries sustained at work, similar to this study. 

The injuries in this study peaked in June. This was in accordance 
with a study evaluating open globe injuries from northwest Turkey, 
in which 33.7% of the injuries occurred in the workplace. They 
noted peaks in July and June.17 In southern Turkey, most of the 
penetrating eye injuries also took place in summer.23 Other studies 
have also reported that the majority of both work-related and non-
work-related eye trauma occurred during summer months.1,24 
In a large series of work-related eye injuries, the injuries peaked 
after lunch between 13:00 and 14:00.21 In contrast, another study 
reported that most work-related injuries occurred from 16:00 to 
18:00.1 In the present study, the injuries peaked between 12:00 
and 13:00. The second peak was between 14:00 and 15:00. A 
previous study reported that most of the work-related open globe 
injuries occurred at 10:00 to 11:00 and 15:00 to 16:00,22 which 
was corroborated by another study.25 It seems that the injuries 
usually occur around noon and afternoon. These variations may be 
related with working shifts or timing of lunch or the hazard of tasks 
performed in these time intervals. Various studies have documented 
metallic objects as the most common reported cause of injury 
in occupational eye injuries, with nails constituting the higher 
percentages.1,22,26 In the present study, miscellaneous metallic 
foreign bodies were the most common cause of injury, followed by 
iron particles and nails. These may be attributed to the industrial 
sectors in which the patients worked. Metalwork was the most 
common sector (38.2%) in this study. Most of the patients (86%) in 
the present study presented to emergency services within 12 hours 
after the injury, similar to another report of work-related open globe 
injury.22 The time between injury and presentation may be critical 
to achieve favorable outcome of primary repair.27,28

In this study, 78% of the patients did not wear protective 
eyewear. This is consistent with the findings of other studies.20,29 A 
study identifying risk factors for occupational eye injuries observed 
a 50% reduction in the incidence rate of eye injury among workers 
wearing protective eyewear compared to those who did not.30 
Therefore, it may be useful to study what factors have an impact on 
use of protective eyewear both in Turkey and worldwide.

The clinical outcomes of the occupational traumas seen in 
the present study varied. Evisceration was performed in 4 eyes 
and enucleation in 1 eye. Similar rates of enucleation have been 
reported after work-related open globe injuries.22,26 In our study, 
two-thirds of the eyes that had injuries involving all 3 zones 
and one-third of the eyes that had injuries involving zones II 

and III resulted in phthisis bulbi, evisceration and enucleation. 
These findings suggest that large injuries and posterior segment 
involvement were related with poor visual outcomes.

In another study including 43 patients with occupational 
open globe injuries, the final VA was below 6/60 in 67% of the 
patients.29 In a study of nail-gun-induced open globe injuries, 
86% were work-related, and 40.6% of the patients had a final 
VA below 20/200.31 Bauza et al.26 reported a final VA below 
20/200 in 37.2% and Kanoff et al.22 reported that 25.9% of 
their patients had a VA below 20/200. In the present study, 
33.3% of the patients had a final VA below 3/60. The relatively 
higher percentage of blindness in this study may be due to the 
fact that our department is the only tertiary center that receives 
complicated cases from a large industrialized region. Work-
related open globe injuries may have severe consequences such as 
visual impairment and blindness among the young male worker 
population in industrialized areas. Nearly half of occupational 
open globe injuries result in visual impairment and blindness. 

Conclusion
Workers suffering work-related injuries may need several 

surgeries, and are unable to work during the treatment and 
rehabilitation period. Most of them lose their job or retire. 
Those who continue to work are usually monocular, which 
may increase their exposure to another occupational injury. 
These situations may cause financial, social and psychological 
burden on the workers, their families, employers and society. To 
avoid these burdens, simple protective measures such as use of 
protective eyewear or regular checking of working hours should 
be taken, especially in small-scale industrial sectors. Education 
of both workers and employers about protective measures and 
occupational injuries may raise their awareness.
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Objectives: This study aimed to investigate the anterior segment in women with polycystic ovary syndrome (PCOS) and to compare 
them with those of healthy reproductive-age female volunteers.
Materials and Methods: The study included 50 right eyes of 50 women with PCOS (group 1) and 50 right eyes of 50 healthy women 
(group 2). Intraocular pressure, Schirmer’s test, tear film break-up time and central corneal thickness were evaluated in all subjects. 
Correlations between serum hormone (estradiol and testosterone) levels and observed findings were also investigated. 
Results: Mean central corneal thickness values were significantly higher in the PCOS group (p=0.001). The mean intraocular pressures 
values were similar between the two groups (p=0.560). Schirmer’s test results and tear film break-up time values were significantly 
lower in the PCOS group (p=0.001 and p=0.001 respectively). Serum estradiol levels were moderately positively correlated with mean 
central corneal thickness (r=0.552), weakly positively correlated with intraocular pressure (r=0.351) and weakly negatively correlated 
with tear film break-up time (r=-0.393). Serum free testosterone levels were weakly correlated with intraocular pressure (r=0.342) and 
central corneal thickness (r=0.303), and showed weak negative correlations with Schirmer’s test results (r=-0.562) and tear film break-up 
time (r=-0.502).
Conclusion: PCOS leads to physiological and structural changes in the eye. Dry eye symptoms were more severe and central corneal 
thickness measurements were greater in patients with PCOS. Those are correlated serum testosterone and estradiol levels.
Keywords: Polycystic ovary syndrome, dry eye, corneal thickness

Abstract
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Introduction

Polycystic ovary syndrome (PCOS) is the most common 
endocrinopathy among women of reproductive age. The 
prevalence is generally about 17%, though the rate varies with 
different diagnostic criteria.1 Chronic anovulation seems to be 
the main physiopathologic factor.1 It is characterized by elevated 
circulating levels of the most biologically active androgens 
secreted primarily by the ovaries, such as androstenedione and 
testosterone. 

In recent years it has been discovered that female sex steroids 
have both systemic and ocular effects. Estrogen, progesterone 

and androgen receptors have been found in the cornea, lens, 
iris, ciliary body, retina, lacrimal glands, meibomian glands and 
conjunctiva.2 This is best illustrated by the fact that dry eye is 
more prevalent among women, especially following menopause, 
increases during pregnancy and lactation, and resolves with 
hormone replacement therapy.3 In the present study, we aimed 
to compare central corneal thickness (CCT), intraocular pressure 
(IOP), tear film break-up time (TBUT) and Schirmer test values 
between PCOS patients and healthy individuals. We evaluated 
the correlation between these findings and testosterone and 
estradiol levels and body mass index. 
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Materials and Methods

The study was approved by the Turkish Ministry of Health 
Public Hospitals Administration, General Secretary of the 
Association of Public Hospitals in the Northern İzmir Province, 
Tepecik Training and Research Hospital Local Ethics Committee. 
Informed consent was obtained from all study subjects. The study 
included 50 women who presented to the Tepecik Training and 
Research Hospital and were diagnosed with PCOS between 
September 2014 and November 2014, and 50 female volunteers 
with no endocrine-related complaints or disorders who presented 
to our clinic during the same period. The study was conducted 
in accordance with the principles stated in the Declaration of 
Helsinki. As per the Rotterdam 2003 criteria, PCOS diagnosis 
was based on the presence of at least 2 of the following: 
oligomenorrhea (more than 45 days between menstrual periods 
or fewer than 8 menstrual periods per year), hyperandrogenism, 
clinical hirsutism (acne, hirsutism, androgenic alopecia, 
acanthosis nigricans) or laboratory findings indicating elevated 
androgen levels (elevated serum total or free testosterone levels), 
and the appearance of polycystic ovary on ultrasonography (2-9 
mm in diameter, 12 or more follicles and/or increased ovary 
volume [>10 mL]).4 Thyroid functions, luteinizing hormone 
(LH)/follicle-stimulating hormone (FSH) ratio, and prolactin, 
dehydroepiandrosterone sulfate, 17-hydroxyprogesterone, and 
total testosterone levels were assessed for all patients. Samples 
were taken from all patients at the same time of day. Patients 
with thyroid disease, hyperprolactinemia, Cushing’s syndrome, 
or congenital adrenal hyperplasia, and patients who used 
drugs such as hormonal drugs, ovulation-inducing agents, 
glucocorticosteroids, or antiandrogens within the previous 6 
months were not included in the study. Patients with optic 
neuropathy, retinal disease which may affect visual field or the 
retinal nerve fiber layer, or history of ocular surgery, severe ocular 
trauma, intracranial lesion, head trauma, massive blood loss, 
or contact lens use were not included in the study. A detailed 
medical history was obtained from the study participants 
and demographic data such as their age, personal history 
and family history were recorded. All subjects underwent a 
standard ophthalmologic examination. IOP was measured using 
a Goldmann applanation tonometer and CCT was measured 
using a non-contact specular biomicroscope. The average of 3 
consecutive measurements varying less than 10 µm was recorded 
as the CCT value.

All patients underwent TBUT and Schirmer tests. The 
Schirmer test was performed under topical anesthesia. Wetting 
less than 6 mm in 5 minutes was considered abnormal. The 
tear film was examined at the slit-lamp under cobalt-blue filter 
using a wide beam. TBUT was evaluated as the interval between 
last blink and the first appearance of a dry spot in any area of 
the ocular surface. A TBUT of less than 10 s was considered 
abnormal.

Venous blood samples were collected from participants 
in the early follicular phase between the 3rd and 5th days of 
a spontaneous or gestagen-induced menstrual cycle. Venous 

blood was collected from the forearm between 8:00 and 10:00 
a.m. following a 12-hour fast. LH, FSH, estradiol, and total 
testosterone measurements were done in the biochemistry 
laboratory of the Tepecik Training ve Research Hospital. 
Correlation analysis was performed between the serum estradiol 
and testosterone levels of PCOS patients and their Schirmer test 
scores, TBUT, mean CCT and IOP values. Data were statistically 
analyzed using SPSS version 15.0 (SPSS Inc., Chicago, IL, USA) 
software package. Pearson correlation analysis was used to assess 
relationships between variables. The normality of variable 
distributions was assessed. Continuous variables were presented as 
median, minimum and maximum values. Normally distributed 
independent variables not suitable for a t-test were compared 
using the Mann-Whitney U test. Intergroup differences with 
p values less than 0.05 were accepted as statistically significant. 

Results

The study included a total of 100 right eyes from 50 patients 
in the PCOS group and 50 patients in the control group. The 
mean age was 27±4.18 years (range, 19-30 years) in the PCOS 
group and 26.4±3.78 years (range, 18-30 years) in the control 
group. There was no significant difference in age between the 
two groups (p=0.34).

Mean CCT was 550.60±32.38 µm in the PCOS group and 
518.40±24.77 µm in the control group, which was a significant 
difference (p=0.001). Mean IOP values in the PCOS and control 
groups were 16.16±2.68 mmHg and 15.62±3.41 mmHg, 
respectively (p=0.56). The PCOS group had a significantly 
lower mean Schirmer test value compared to the control group 
(10.80±3.14 mm vs 16.74±2.61 mm; p=0.001). TBUT was 
11.10±3.28 s in the PCOS group and 14.64±2.81 s in the 
control group. The PCOS group had a significantly shorter 
TBUT than the control group (p=0.001). In correlation analysis 
between estradiol and testosterone levels of PCOS patients and 
the ocular variables, estradiol showed a weak positive correlation 
with IOP (r=0.351) and a weak negative correlation with 
TBUT (r=-0.393). A moderate correlation was detected between 
serum estradiol level and CCT (r=0.552) (Figures 1-4). Weak 
correlations emerged between serum testosterone level and IOP 
(r=0.342) and CCT (r=0.303) (Figure 3). There was a moderate 
negative correlation between testosterone level and Schirmer test 
distance (r=-0.562) and TBUT (r=-0.494) (Figure 4).

Discussion

PCOS is the most common endocrinopathy in reproductive-
age women, and is also referred to as ovarian hyperandrogenemia.4 
The hyperestrogenemic effect cannot be balanced by progesterone 
and induces changes in the target organs. Ogueta et al.5 
described estrogen-induced proteins (e.g. cathepsin D, alpha-
2-macroglobulin, and aromatase cytochrome P45) which play 
an important role in vital cellular functions like differentiation, 
proliferation and maturation. Most of these proteins are found 
in ocular tissues such as the ciliary body and the retinal pigment 
epithelium.5 As in the cardiovascular system and endometrium, 
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elevated sex steroid levels in PCOS also affect ocular structures and 
physiology.6 Steroid hormones play an important role in cellular 
processes like proliferation, differentiation and growth.5 Magness 
et al.7 found that estradiol is a potent vasodilator, while Sarrel8 
reported that progesterone has the opposite effect. Yucel et al.9 
proposed that low estrogen and high progesterone levels may have 
a vasoconstrictive effect that can reduce ocular perfusion.

Therefore, in the present study we compared tear function, 
IOP, and CCT in PCOS patients and healthy women. We 
analyzed the correlations between ocular findings and levels of 
free testosterone and estradiol.

Previous studies have reported that hormonal effects 
may cause aqueous layer deficiency and evaporative dry eye 
disease.10,11,12,13,14 Meibomian glands are a target organ of 
androgen hormones, which have been shown to regulate gene 
expression and lipid synthesis in these tissues.10,11,12 Androgen 
deficiency may lead to meibomian gland dysfunction and 
evaporative dry eye syndrome. Estrogen is an antagonist of 
meibomian gland function and may promote the development 
of evaporative dry eye.13,14 Na et al.15 documented substantial 
increases in dry eye syndrome and IOP in postmenopausal 
women using exogenic estrogen. IOP elevation was thought 
to be associated with the steroid effect of estrogen replacement 
therapy. Consistent with previous studies, the PCOS group in 
the current study showed significantly lower Schirmer test and 
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Figure 1. Correlation between serum estradiol level (pg/mL) and central corneal 
thickness (µm)

Figure 2. Correlation between serum estradiol level (pg/mL) and Schirmer test 
distance (mm) 

Figure 3. Correlation between serum testosterone level (pg/mL) and central 
corneal thickness (µm)

Figure 4. Correlation between serum testosterone level (pg/mL) and Schirmer 
test distance (mm) 
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TBUT values compared to the control group. Elevated serum 
estradiol and testosterone levels are correlated with dry eye 
findings. The strongest correlation was the negative correlation 
between estradiol levels and Schirmer test distance. Akar et al.16 
reported that the neuroretinal rim showed significant thinning 
during the luteal phase, though no significant differences 
emerged in IOP, keratometry or refractive error when compared 
with the menstrual phases. A study by Demir et al.17 revealed 
comparable IOP and CCT values between PCOS patients and 
healthy subjects. In the current study, no significant difference 
in IOP values was detected between the PCOS and control 
groups. A weak correlation was observed between IOP and both 
free testosterone and estradiol levels. In a study by Kebapcılar 
et al.,18 PCOS patients exhibited significantly greater CCT 
bilaterally. The authors reported that CCT in both eyes was 
positively correlated with total testosterone levels, body mass 
index, insulin and insulin-like growth factor-1 (IGF-1). They 
attributed the significantly greater CCT values seen in PCOS 
patients to IGF-1 inhibition of the corneal endothelial pump and 
increased endothelial permeability.

Kiely et al.19 found that corneal thickness increased in 
association with rising estrogen levels during the menstrual 
cycle. In the current study, CCT was also significantly higher in 
the PCOS group than in the control group. Pachymetry values 
were weakly correlated with testosterone levels and moderately 
correlated with estradiol levels.

Study Limitations
Limitation of this study are the variable repeatability and 

reliability of the Schirmer and TBUT tests, a relatively short 
follow-up period and a study design that was not prospective. 
Due to the large patient number and hormonal changes, a longer 
follow-up period is required.

Conclusion

Our PCOS patients had significantly greater CCT and higher 
rates of tear film dysfunction compared to the control group. 
In light of these data, for PCOS patients it is advisable to plan 
corneal surgical procedures after hormone regulation has been 
achieved with medical therapy.
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Objectives: To compare retinal and optic disc characteristics between amblyopic and non-amblyopic eyes in patients with myopic and 
hyperopic anisometropia measured with optical coherence tomography (OCT).
Materials and Methods: Patients with myopic (25 patients: 17 female, 8 male; median age 27 years, range 16-40 years) and hyperopic 
(31 patients: 19 female, 12 male; median age 20 years, range 13-41 years) anisometropic amblyopia were included. Eye examination 
included determination of best-corrected visual acuity (BCVA) with a Snellen chart, measurement of manifest and cycloplegic refraction 
after pupillary dilation, alternate cover testing, globe movement evaluation, A-scan biometry for axial length, biomicroscopy, fundus 
examination, and OCT scanning. Main outcome measures were spherical equivalence, BCVA, axial length, retinal nerve fiber layer 
(RNFL) thickness, macular thickness, macular volume, and optic disc area. 
Results: In both myopic and hyperopic patients, the absolute value of the mean spherical equivalence was significantly greater in the 
amblyopic than non-amblyopic eyes, and the mean BCVA was significantly less in the amblyopic than the non-amblyopic eyes. In both 
myopic and hyperopic patients, there were no significant differences in mean RNFL thickness, macular thickness, macular volume, axial 
length, or optic disc area between amblyopic and non-amblyopic eyes.
Conclusion: The amblyopic process may have no significant effect on the RNFL, macula, or optic disc. Further studies with more 
patients, including postmortem studies, may clarify the retinal, histopathologic, and anatomic differences between amblyopic and non-
amblyopic eyes.
Keywords: Anisometropia, amblyopia, macula, retinal nerve fiber layer, optical coherence tomography
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 Introduction

Amblyopia is a condition that includes a decrease in the 
best-corrected visual acuity (BCVA) without a known organic 
etiology.1 This condition develops most frequently in children 
aged ≤6 to 8 years and may affect one or both eyes.1 It is caused 
by the abnormal development of the visual cortex arising 
from several factors, including strabismus, blurred vision from 
refractive error, or visual deprivation.2 Although the visual cortex 
is the primary area responsible for amblyopia, changes in the 
retina and in the lateral geniculate body may also exist.3,4,5,6,7

Amblyopia is primarily a cortical disorder, caused by unequal 
competitive input from the two eyes into the primary visual 
cortex. Anisometropia may produce amblyopia via a loss of foveal 
resolution in the less-focused eye due to localized mechanisms of 

foveal inhibition with loss of stereo acuity and binocular function.8 
Anisometropia is one of the leading causes of amblyopia, which 
is the only identifiable amblyogenic factor in 37% of cases.9 In 
a case-control sibling study, patients with anisometropia of at 
least 1 diopter (D) were shown to have a slight increase in the 
amblyopia or strabismus risk.10,11 Studies of normal human 
subjects have demonstrated that induced anisometropia greater 
than 1 D causes abnormalities in resolution and induces a 
suppression scotoma.12 In animal models of amblyopia caused by 
visual deprivation during the neonatal period, histologic changes 
have been noted in the lateral geniculate body and cortex.3,4 
Similar observations have been reported in humans.5,6 

Optical coherence tomography (OCT) is a non-invasive, non-
contact device that measures retinal nerve fiber layer (RNFL) 
thickness, macular thickness, macular volume, and optic disc 
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area.13,14,15,16 The RNFL thickness measured by OCT is similar 
to RNFL thickness measured histologically.15

The purpose of this study was to investigate differences 
in peripapillary RNFL thickness, macular thickness, macular 
volume, and optic disc area between the amblyopic and 
non-amblyopic eyes of patients with myopic or hyperopic 
anisometropia using OCT.

Materials and Methods 

Patients with myopic (25 patients: 17 female, 8 male) or 
hyperopic (31 patients: 19 female, 12 male) anisometropic 
amblyopia were included in the study. All patients had no 
previous intraocular surgery, glaucoma, nystagmus, neurologic 
disease, or retinal disease. Exclusion criteria included strabismic 
and deprivation amblyopia. For all patients, amblyopia 
treatment had not been previously prescribed or implemented. 
Anisometropia was defined as an interocular difference in 
spherical equivalent refraction (spherical value + ½ cylinder 
value) ≥1 D and interocular difference in BCVA ≥2 lines of 
Snellen acuity.17 The study was approved by the Institutional 
Ethics Committee of Çanakkale Onsekiz Mart University. 
Written informed consent was obtained from each adult 
patient or from a parent or legal guardian of participants 
aged <18 years. The study was performed according to the 
guidelines of the Declaration of Helsinki for research involving 
human subjects. All patients had detailed eye examination that 
included BCVA determination with a Snellen chart (distance, 
6 m); measurement of manifest and cycloplegic refraction after 
pupillary dilation (1% cyclopentolate hydrochloride and 1% 
tropicamide); alternate cover testing; extraocular movement 
testing; fundus examination; A-scan biometry for axial length; 
slit-lamp biomicroscopy; and OCT scanning (Opko/OTI Inc., 
Miami, FL, USA). Peripapillary RNFL thickness was measured 
using the fast RNFL thickness (3.4) scan protocol. The patients 
were asked to look at an internal fixation target and a circular 
scan with a diameter of 3.4 mm was centered around the optic 
disc. The location of the scan was observed to ensure the proper 
positioning in relation to the optic nerve head. The average of 
three consecutive OCT images of the RNFL was obtained. 

Macular thickness was measured as the distance between the 
internal limiting membrane and retinal pigment epithelium 
using the fast macular thickness map protocol.18 Optic nerve 
head images were acquired with optic nerve topography scan 
mode.19

Data analysis was performed with statistical software 
(NCSS-2004, NCSS Inc., Kaysville, UT, USA). All quantitative 
variables were reported as mean ± standard deviation and 
range (minimum to maximum), and qualitative variables were 
expressed as a number (%). After assessing normality, mean 
values for the amblyopic and non-amblyopic eyes of both 
myopic and hyperopic groups were compared with t test or 
Mann-Whitney U test. Categorical variables between groups 
were compared with chi-square test. The association between 
amblyopia and retinal function was estimated by multivariate 

logistic regression analysis with hierarchical models and Pearson 
product moment correlation or Spearman rank correlation. All 
statistical analyses used 2-sided hypothesis tests. Statistical 
significance was defined as p≤0.05. 

Results

Age was similar between patients with myopia (median, 27 
years; range, 16 to 40 years) and those with hyperopia (median, 
20 years; range, 13 to 41 years). In all patients, examination 
of the anterior segment, fundus, and intraocular pressure was 
normal. In both myopic and hyperopic patients, the absolute 
value of the mean spherical equivalence was significantly greater 
in the amblyopic than non-amblyopic eyes (p≤0.004), and the 
mean BCVA was significantly less in the amblyopic than the 
non-amblyopic eyes (p≤0.001, Table 1). In myopic patients, the 
cylindrical error was significantly greater in the amblyopic eyes 
(p≤0.001), whereas in hyperopic patients, the spherical error was 
significantly greater in the amblyopic eyes (p≤0.002, Table 1). 
In both myopic and hyperopic patients, there were no significant 
differences in mean RNFL thickness, macular thickness, macular 
volume, axial length, or optic disc area between amblyopic and 
non-amblyopic eyes (Table 1).

In the non-amblyopic eye of patients with myopia, patient 
age was negatively correlated with RNFL thickness, macular 
thickness, and macular volume, and BCVA was negatively 
correlated with axial length (p≤0.05, Table 2). In both amblyopic 
and non-amblyopic eyes of patients with myopia, significant 
correlations were noted between spherical equivalence and 
BCVA; spherical equivalence and axial length; macular thickness 
and macular volume; macular thickness and axial length; and 
macular volume and axial length (p≤0.05, Table 2).

In the amblyopic eyes of patients with hyperopia, spherical 
equivalence was negatively correlated with axial length, and 
optic disc area was positively correlated with axial length 
(p≤0.05, Table 2). In both amblyopic and non-amblyopic eyes 
of patients with hyperopia, significant correlations were noted 
between spherical equivalence and BCVA; and macular thickness 
and macular volume (p≤0.007, Table 2). No other significant 
correlations were noted between ocular parameters in patients 
with myopia or hyperopia.

Discussion

In the present study, there were no significant differences 
in peripapillary RNFL thickness, macular thickness, macular 
volume, axial length, or optic disc area between the amblyopic and 
non-amblyopic eyes of patients with myopia or hyperopia (Table 
1). Numerous previous studies have evaluated the involvement of 
visual pathways, including parameters such as RNFL thickness 
and macular thickness in amblyopia in animals and humans; 
however, there are significant methodological differences such as 
measuring devices used, population age, subgroups of amblyopia, 
and refractive status. Lack of standard methodological approach 
makes comparison difficult and especially contributes to diverse 
and conflicting results.7,16,17,20,21,22,23,24,25,26,27,28,29
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In a study by Walker et al.,24 RNFL measurements by 
OCT in 30 patients older than 18 years of age with amblyopia 
were performed. They did not find a difference in peripapillary 
RNFL or macular thickness between the amblyopic eye and 
fellow eye. Repka et al.25 performed peripapillary RNFL 
thickness of amblyopic and fellow eyes in 37 patients 7 to 
12 years of age. They did not indicate that peripapillary 
RNFL thickness is thinner in eyes with moderate amblyopia 
compared with their fellow eyes. In a study by Kee et al.,26 
OCT was performed on 26 children with unilateral amblyopia 
that was due to anisometropia or strabismus. OCT was also 
performed on 42 normal children. There were no differences 
in the fovea and the RNFL thickness found between normal 
children and children with amblyopia. There are two more 
studies that evaluated RNFL in amblyopic eyes. Neither of 
them found any differences between normal and amblyopic 
eyes.27,28 On the other hand, there are three studies conducted 
using OCT that suggest RNFL thickness may be greater in 
eyes with refractive amblyopia.1,30,31 In one of these studies, 
Yen et al.30 evaluated 38 patients with unilateral amblyopia. 
Among them, 20 patients had amblyopia with strabismus and 
18 had refractive amblyopia without strabismus. RNFL was 
measured by OCT with scan pattern nerve head 2.0R (Carl 
Zeiss Meditec, Dublin, CA, USA). Average RNFL thickness 
was multiplied with their corresponding scan circumferences 
to estimate the integral values of the total RNFL area 
RNFL thickness (estimated integrals). In all 38 patients with 
unilateral amblyopia, the differences between the amblyopic 
eyes and the normal fellow eyes in RNFL thickness and 
in RNFL thickness (estimated integrals) were statistically 
significant. Another study included children younger (mean 
age, 7.7 years; range, 5 to 12 years) than the present patients, 

which may limit comparisons with the present data.1 Taken 
together, different age groups, different OCT devices, and 
different inclusion criteria (including strabismic patients, etc.) 
make healthy comparisons between the studies mentioned 
above and the present study almost impossible.30,31 In 
the current study, there was no significant difference in 
mean macular thickness between the amblyopic and non-
amblyopic eyes in patients with myopia or hyperopia (Table 
1). Previous studies reported conflicting results of macular 
thickness measurements from OCT in eyes with strabismic 
and anisometropic amblyopia.1,20,21,24,26,30 In a study by 
Kee et al.,26 there were no differences in the fovea thickness 
found between normal children and children with amblyopia. 
Other previous studies including patients with amblyopia and 
normal controls showed that macular thickness, foveal volume, 
and foveal thickness were similar in both eyes of the amblyopic 
group and were also similar to those eyes of the normal control 
groups.26,32 

Kantarci et al.33 compared choroidal thickness and central 
macular and peripapillary RNFL thickness in adults with 
anisometropic amblyopia and also failed to find a difference in 
RNFL and central macular thicknesses, in agreement with our 
findings.

The present study showed no significant difference in macular 
thickness between amblyopic and non-amblyopic eyes in patients 
with myopia or hyperopia (Table 1). In contrast, a previous study 
in young myopic anisometropic amblyopic patients (mean age, 
9.6 years; range, 5 to 18 years) showed thicker fovea and thinner 
inner and outer macular thickness in amblyopic eyes compared 
to normal eyes.34 Another study using OCT showed that 
central macular thickness was significantly increased in patients 
with anisometropic amblyopia, but mean RNFL thickness 
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Table 1. Ocular characteristics of amblyopic and non-amblyopic eyes in patients with myopia and hyperopia

 Myopia Hyperopia

 Amblyopic Non-amblyopic p≤† Amblyopic Non-amblyopic p≤†

Number of eyes 25 25 31 31

Spherical equivalence (D) -5.78±4.71 
(-16.50 to -0.75)

-2.89±3.82 
(-13.50 to 0.50)

0.004 3.09±2.01 
(0.63 to 8.25)

1.65±1.87 
(0.00 to 6.88)

0.001

BCVA 0.45±2.81 
(0.1 to 0.8)

0.82±2.17 
(0.7 to 1.0)

0.001 0.41±0.20 
(0.1 to 0.8)

0.83±0.19 
(0.4 to 1.00)

0.001

RNFL thickness (µm) 99.1±12.66 
(81.25 to 123.75)

95.37±12.43
(74.00 to 127.00)

NS 103.65±12.55 
(85.25 to 128.50)

101.01±14.70 
(74.75 to 138.50)

NS

Macular thickness (µm) 297.68±82.01 
(233 to 449)

287.84±54.78 
(223 to 424)

NS 291.61±51.86 
(172 to 422)

282.06±36.97
(214 to 414)

NS

Macular volume (mm3) 7.60±3.05 
(1.63 to 15.49)

7.45±2.48 
(1.81 to 11.86)

NS 7.72±2.03 
(2.09 to 11.85)

7.69±1.48 
(1.98 to 11.68)

NS

Axial length (mm) 24.29±2.21 
(23.69 to 28.48)

23.59±2.18 
(21.34 to 26.96)

NS 21.62±1.10 
(18.83 to 23.50)

22.07±1.07 
(19.25 to 23.42)

NS

Optic disc area (mm2) 3.08±0.79 
(2.01 to 5.26)

2.93±0.62 
(2.12 to 4.05)

NS 2.70±0.68 
(1.11 to 4.38)

2.91±0.70 
(1.12 to 3.98)

NS

*n=25 patients with myopia and 31 patients with hyperopia, data reported as mean ± standard deviation (range, minimum to maximum), BCVA: Best-corrected visual acuity, RNFL: Retinal 
nerve fiber layer, †NS: Not significant (p>0.05)
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was similar between amblyopic (95.4 µm) and non-amblyopic 
eyes (94.0 µm).35 We excluded anisoastigmatism patients and 
included only spherical anisometropia patients. We did not find 
a significant correlation between axial length, macular thickness/
volume or spherical equivalence. Anisometropic amblyopic 
eyes have statistically and clinically significant differences 
in refractive error. This refractive error can be attributed to 

corneal curvature changes, lens changes, anterior chamber depth 
and vitreous depth changes. In subjects with anisometropic 
amblyopia, interocular differences in spherical refractive error 
might be attributed to axial length with no differences in corneal 
curvature, whereas anisoastigmatism can also be observed, which 
results from asymmetric corneal curvature without a significant 
change in axial length. 

31

Table 2. Correlations between ocular parameters in patients with myopia or hyperopia

Myopia amblyopic Myopia non-amblyopic Hyperopia amblyopic Hyperopia non-amblyopic

Age

Spherical equivalence NS NS NS NS

BCVA NS NS NS NS

RNFL thickness NS -0.477‡ (0.02) NS NS

Macular thickness NS -0.418‡ (0.04) NS NS

Macular volume NS -0.389‡ (0.05) NS NS

Axial length NS NS NS NS

Optic disc area NS NS NS NS

Spherical equivalence

BCVA 0.674‡ (0.0001) -0.733‡ (0.0001) -0.432‡ (0.0001) -0.475‡ (0.007)

RNFL thickness NS NS NS NS

Macular thickness NS NS NS NS

Macular volume NS NS NS NS

Axial length 0.748‡ (0.0001) 0.731‡ (0.0001) -0.439† (0.02) NS

Optic disc area NS NS NS NS

BCVA

RNFL thickness NS NS NS NS

Macular thickness NS NS NS NS

Macular volume NS NS NS NS

Axial length NS -0.463† (0.02) NS NS

Optic disc area NS NS NS NS

RNFL thickness

Macular thickness NS NS NS NS

Macular volume NS NS NS NS

Axial length NS NS NS NS

Optic disc area NS NS NS NS

Macular thickness

Macular volume 0.727‡ (0.0001) 0.803‡ (0.0001) 0.781‡ (0.0001) 0.892‡ (0.0001)

Axial length -0.239‡ (0.04) -0.194† (0.05) NS NS

Optic disc area NS NS NS NS

Macular volume

Axial length -0.514‡ (0.009) -0.532‡ (0.006) NS NS

Optic disc area NS NS NS NS

Axial length

Optic disc area NS NS 0.350‡ (0.05) NS

n=25 patients with myopia and 31 patients with hyperopia, correlation between variable 1 and variable 2 reported as correlation coefficient (p≤), NS: Not significant (p>0.05), BCVA: Best-corrected 
visual acuity, RNFL: Retinal nerve fiber layer, †: Pearson product moment correlation coefficient, ‡: Spearman rank correlation coefficient
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In our study, there was no difference in spherical error between 
the study groups. However, cylindrical error was significantly 
different between groups. This finding means that the difference 
in mean spherical equivalent between groups is mainly caused 
by astigmatism. In other words, many of our subjects have 
anisoastigmatism, which does not have a significant effect on 
axial length. From this point of view, although amblyopic 
eyes have a longer axial length, this difference failed to reach 
statistical significance. We believe that including more subjects 
without significant anisoastigmatism may lead to statistically 
significant difference in axial length. 

Optic disc area is directly associated with the number of 
nerve fibers in the optic nerve.36 The present study failed to 
find a significant difference between amblyopic and fellow eyes, 
as mean optic disc area was similar between amblyopic and non-
amblyopic eyes of patients with both myopia and hyperopia 
(Table 1). Eyes with long diameters may have a large retinal 
surface and large optic disc.37 Conversely, small hyperopic 
eyes may have smaller optic discs. A deficiency of nerve fibers 
may be responsible for decreased visual acuity in amblyopic 
eyes.38,39,40

Other studies have shown that eyes with amblyopia may 
have smaller optic disc area than non-amblyopic eyes and 
healthy control eyes, and subclinical optic disc anomalies may 
be associated with amblyopia.30,41 However, the association 
between amblyopia and disc anomalies is controversial; the 
previously reported small disc area associated with amblyopia 
may have been caused by a correlation with hyperopia and 
anisometropia, and not necessarily because of a direct causal 
association between small disc area and amblyopia.42 The results 
of the previous studies are conflicting due to the differences 
in study design, OCT devices, and the subjects’ race, age, and 
amblyopia types. The majority of the studies included pediatric 
patients, whereas our study examined patients over 13 years of 
age, for whom amblyopia can no longer be treated. We believe 
that examining patients over 13 years old and comparing 
the retina characteristics in both myopic and hyperopic 
anisometropic patients makes an important contribution to the 
literature.

Study Limitations
There are several limitations to our study. The small number 

of patients limits the power of the study, but the number of 
participants in this study is similar to other studies. The lack 
of a control group of normal children is another limitation, but 
we were able to use the non-amblyopic eye in each patient as a 
control.

Conclusion

The present study showed no significant difference in mean 
RNFL thickness, macular thickness, macular volume, or optic 
disc area between amblyopic and non-amblyopic eyes in myopic 
and hyperopic anisometropic patients. This suggests that the 
amblyopic process may have no significant effect on the RNFL, 
macula, or optic disc in patients.
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Panretinal photocoagulation (PRP) is a standard treatment for proliferative diabetic retinopathy. Conventional laser (CL) therapy is 
performed in one or more sessions in single spot mode. Visual disabilities have been reported after treatment with CL, including central 
vision loss due to macular edema and peripheral visual field loss resulting from extensive inner retinal scarring. Multispot laser (MSL) 
photocoagulation has recently been introduced to clinical practice. Studies comparing PRP conducted with MSL and CL have reported 
that MSLs resulted in less retinal tissue damage and pain, and greater patient comfort compared to CL. The aim of this review was to 
compare the efficacy and side effects of MSLs and CLs for diabetic retinopathy treatment.
Keywords: Conventional lasers, diabetic retinopathy treatment, multispot lasers, side effects

Abstract

 Introduction

Panretinal laser photocoagulation (PRP) has been the 
gold standard for the management of proliferative diabetic 
retinopathy (PDR) since its efficacy was demonstrated in the 
Diabetic Retinopathy Study (DRS).1 PDR is performed with 
conventional laser (CL) over multiple sessions under local or 
topical anesthesia. The procedure is painful and time-consuming, 
which is tiring for both patients and physicians. As it requires 
multiple visits to an outpatient clinic, it also creates an 
additional load on retina clinics. Automated laser systems were 
developed in order to speed the photocoagulation process.2,3 
However, the lack of constant physician control was also a 
disadvantage of these devices. A more recent innovation is the 
semiautomated multispot laser (MSL). These instruments allow 
multiple laser shots with a single pedal push, use frequency-
doubled 532 nm Nd:YAG laser and are fully controlled by the 
physician.4,5 The aim of this review is to present an evaluation of 
the implementation, efficacy and side effects of the most recent 
generation of lasers currently in use.

Multispot Lasers

There are four MSLs in clinical use (Table 1). 

Pattern Scanning Laser 

The pattern scanning laser (PASCAL) is a semiautomated 
scanning laser application system that uses a frequency-doubled 
Nd:YAG laser to delivery multiple laser shots simultaneously to 
the retina, and was introduced to the market in 2006 (PASCAL® 
Laser, Optimedica Corp., Santa Clara, CA, USA) (Figure 1). 
The system can apply the laser as a single shot or as a 5x5 array, 
circle, arch, or line.4 As the pulse duration is much shorter (10-
20 ms) compared to CL (100-200 ms) and multiple laser spots 
can be applied simultaneously, the procedure is faster and more 
comfortable for patients.6,7 The term semiautomated means 
that the physician has control at every stage of the procedure. 
Like older systems, the laser can be started and stopped using a 
foot pedal. As previously stated, other than its ability to deliver 
multiple or single laser shots, it is comparable to other CLs with 
similar features.4 There are many studies demonstrating the 
safety and efficacy of the PASCAL system.8,9,10,11,12,13

Valon

Like the PASCAL, the Valon MSL is also a semiautomated 
scanning laser system using a frequency-doubled Nd:YAG 
(532 nm) laser. The system is integrated into a Haag-Steit 
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biomicroscope and is controlled via a touch screen and a joystick. 
Figure 2 shows a photograph of the device and its features are 
presented in Table 1. Various patterns, sizes, intensities and 
intervals can be selected on the screen and treatment settings can 
be adjusted as desired with the joystick.

As with the PASCAL, the spot number within a pattern can 
be adjusted from 1 to 36 depending on the pattern type and spot 
size. Valon’s most important feature, not shared by the PASCAL, 
is that the settings chosen with the joystick are displayed over 
the retinal image. This feature eliminates the need for physicians 
to look away from the microscope while making adjustments, 
thus saving time spent to focus back on the retina. Spot sizes of 
50, 100, 200 or 300 µm can be selected from the microscope. 

Pulse duration can be adjusted to 10, 20 or 30 ms for multispot 
and up to 1,000 ms for single spots. The power can be increased 
up to 1,500 mW.5

Visulas 532s VITE

The Visulas 532s VITE is a 532 nm solid-state laser system. 
Similar to the PASCAL and Valon systems, the Visulas 532s 
VITE can delivery laser as single spots or in preprogrammed 
multispot patterns. Linear or radial patterns are available. 
Selectable patterns are shown in Figure 3.

In a randomized, prospective study of 101 patients 
undergoing peripheral laser photocoagulation for various reasons, 
Röckl and Blum14 applied conventional single spot laser therapy 
in 35 patients (group A) and MSL therapy using the Visulas 532s 
VITE in 66 patients (group B). Spot size was consistent between 
the two groups (300 µm), while pulse duration was 100-150 ms 
for group A versus 20 ms for group B. Laser power was adjusted 
to produce moderate burns and the treatment time was recorded. 
After the procedure, patients were asked to rate their pain from 
0 (painless) to 10 (maximum pain). Treatment time was shorter 
in group B than in group A. In group A, 46% of the patients 

35

Table 1. General features of multispot lasers

Features PASCAL Valon Visulas 532 VITE Navilas

Laser wavelength 532 nm 532 nm 532 nm 532 or 577 nm 

Laser type Nd:YAG laser Nd:YVO laser Nd:YAG laser Nd:YVO laser

Laser patterns Single spot, arc, square, 
semicircle, triple ring, line 

Single spot, square, triangle, 
circle, triple arc, line

Single spot, square, circle, 
triple arc, line

No preset patterns, desired pattern can be 
selected from the screen

Power (maximum) 2000 mW 1500 mW 1500 mW 2000 mW

Power control Touch screen, joystick Touch screen, smart joystick Touch screen, joystick Touch screen, wireless mouse and keyboard, 
joystick

Pulse duration 10-1000 ms 10-650 ms 10-2500 ms 10-4000 ms

Wavelength 635 nm 635 nm 620-650 nm 635 nm

Spot size 60-400 µm 50-400 µm 50-400 µm 50-750 µm

Figure 1. The PASCAL 532 nm instrument and panel showing available 
treatment patterns

Figure 2. Valon laser instrument, screen and joystick
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reported pain at an average level of 4.4 (range, 2-8); in group 
B, only 1.3% of patients reported pain at a level of 3 or 4. The 
device’s features are summarized in Table 1.

Navilas

The Navilas laser photocoagulation system (OD-OS GmbH, 
Teltow, Germany), is a retinal navigation system and laser 
photocoagulation device including digital fundus imaging 
(live color fundus photography, red-free and infrared imaging 
and fluorescein angiography [FA]) (Figure 4). The instrument 
comprises an imaging camera, photocoagulation device (Merilas 
532 nm) and a system that sends the laser beam from the 
ophthalmoscope to the target via moving mirrors. Its laser is a 
diode pumped solid-state laser (532 nm). The use of a fundus 

camera to aim the laser is a distinct feature from CLs and MSLs. 
This allows a larger glare-free field of view compared to a slit 
lamp. Because the displayed image is in the same format as 
that of an ordinary fundus camera, it is easier to implement 
a treatment plan based on the actual appearance. Treatment 
points, planned according to fundus photography or FA, are 
reflected on the live retinal image during treatment. This system 
was developed to allow the accurate localization of treatment 
to delicate lesions like microaneurysms and increase treatment 
efficacy. The device’s features are summarized in Table 1.

Another difference between this system and other slit-lamp 
laser devices is the touch screen used for visualization, planning 
and treatment (Figure 5). The retinal surgeon determines the 
laser application site using the screen and applies the laser in 
multispot or single spot mode. The surgeon manually actuates 
the laser after verifying the target lock.15

The laser spot qualities of the Navilas and PASCAL systems 
were compared in a study of PRP including 73 eyes of 51 
high-risk PDR patients.16 Eyes underwent PRP with PASCAL 
or Navilas at pulse durations of 30 ms (16 and 21 eyes, 
respectively) or 100 ms (16 and 20 eyes, respectively). Laser 
spot size (major and minor diameters and area) and ellipticity 
(ratio of the major to minor diameter) were measured from 
fundus photographs taken from all quadrants 5 minutes after 
the procedure. Pain perception on a visual analog scale (from 
0-10) was also compared. Burn size variation was 22% with 
30-ms Navilas laser, 24% with 100-ms Navilas laser, 21% 
with 30-ms PASCAL pattern laser and 35% with PASCAL 
100-ms single-spot laser. Nearing the equator, the Navilas 
showed less variation compared to the PASCAL (15% vs 25%). 
Toward the periphery, burn areas were more elliptical with the 
PASCAL, while Navilas spots were more uniform. Patients 
treated with 100-ms pulse durations reported less pain with 
the Navilas system than the PASCAL. Patients also reported 
less pain with the Navilas at 30 ms pulse duration, but the 
difference was not statistically significant. Previous studies 
using the Navilas have focused on the treatment of diabetic 

36

Figure 3. Multi-spot laser patterns available with the Visulas 532 VITE

Figure 4. The Navilas system with integrated fundus camera Figure 5. The Navilas screen



Çeliker et al, Comparison of Multispot Versus Conventional Lasers

macular edema (DME). In a study published in 2011, 86 eyes 
of 61 patients with DR and DME were treated with Navilas; as 
a control group, 4 eyes of 4 patients were treated with standard 
manual laser.17 Pretreatment FA images marked with the 
treatment plan were overlaid on posttreatment color fundus 
photographs in order to measure efficacy. Analysis of 400 
randomly selected focal spots showed that Navilas hit 92% 
of microaneurysm targets, while analysis of 100 focal spots 
from the control group showed an accuracy rate of 72%. In 
summary, the Navilas has been demonstrated reliable and more 
effective than standard techniques in laser photocoagulation. 

Treatment Efficacy of Multispot Lasers

Guidelines regarding how and to what extent PRP therapy 
should be implemented and when it should be repeated were 
set forth in the Early Treatment Diabetic Retinopathy Study 
(ETDRS).18 Laser application is performed at pulse durations of 
100-200 ms, spot size of 500 µm, and power ranging between 
100 and 750 mW to produce gray-white burns. For PDR, a 
total of about 1,500 burns spaced one spot width apart are 
applied in an area from 1 optic disc (OD) width nasal to the 
OD and 2 disc widths temporal to the macula, extending to one 
spot width of the inferior and superior vascular arcades and the 
equator in the periphery.18 The procedure may be performed 
in one session under local (peribulbar) anesthesia, or in 2 or 3 
sessions at 1-2 week intervals under topical anesthesia. Single-
session (SS) therapy is reported to be less preferable due to a 
higher rate of side effects (associated with both PRP and local 
anesthesia).19 

With the introduction of MSLs, SS therapy has become 
a viable option once more. Treatment time with MSLs is 
approximately one-fifth that required with CLs, resulting in 
less pain, less inflammation and thus a lower incidence of 
complications like macular edema.

Although no multicenter studies have been conducted to 
date, there are single-center studies from medical facilities using 
these systems. These studies have reported comparable efficacy 
and reliability between MSLs and CLs. Nagpal et al.8 performed 
PRP on 30 eyes using the PASCAL system and 30 eyes using a 
532 nm CL. Both treatments were performed in two sessions. 
Patients underwent follow-up examination at 1, 3, and 6 months 
after treatment. Based on clinical findings and fundus imaging, 
both treatments were determined effective.

In a study by Muraly et al.9 comparing PASCAL and 532 
nm CL, one eye of each patient was treated with SS-PRP using 
the PASCAL system (mean 2,795 spots), while the other eye was 
treated with multisession PRP (MS-PRP) using a CL over 2 or 
3 sessions (mean 1,414 spots). SS-PRP was 90% effective and 
MS-PRP was 64% effective at 1 month; both were 98% effective 
at 6 months.

Muqit et al.11 studied 40 eyes of 24 patients with PDR. 
Half of the eyes were treated with 1,500 single spots at 100 ms 
duration using PASCAL over the course of 3 sessions at 2-week 
intervals; the other eyes were treated with 1,500 spots in a SS of 

20-ms multispot laser. Twelve weeks after treatment, SS-PRP 
was 74% effective and MS-PRP was 53% effective, although the 
difference was not statistically significant.

Muqit et al.20 later retrospectively evaluated 36 eyes 
of 22 patients included in the abovementioned study. The 
patients, which had all undergone PRP with 1,500 100-ms or 
20-ms PASCAL laser spots, were divided into 3 groups (mild, 
moderate, severe) based on their baseline PDR severity. Eyes 
that did not show PDR regression in later follow-up visits 
were treated with an additional SS of PASCAL PRP (top-up) 
therapy. They evaluated treatment efficacy after 18 months 
in patients for whom FA imaging was obtained using wide-
field Optos® angiography. A total of 10 eyes (28%) exhibited 
complete PDR regression after one session of PRP. Top-up 
therapy resulted in PDR regression in 75% (n=6) of mild 
PDR cases, 67% (n=14) of moderate cases, and 43% (n=3) of 
severe cases. Mild PDR required an average of 2,187 burns, 
moderate cases required an average of 3,998 burns, and severe 
cases required an average of 6,924 burns to achieve complete 
PDR regression.

Effect of Multispot Laser on Visual Field

Diabetic patients may experience visual field defects due 
to severe nonPDR (NPDR) or PDR.21 The DRS and ETDRS 
both reported that visual field defects may worsen following 
laser therapy.22,23 In the ETDRS, visual field analysis was 
done at baseline and at 4 and 48 hours after treatment using 
Goldmann I-4e and I-2e test objects. I-4e was used to assess 
total score, I-2e was used to evaluate paracentral scotoma in the 
central 20 degrees. At 4 months, patients who had undergone 
full treatment had significantly more visual field loss compared 
to patients whose treatment was delayed (p<0.001). This loss 
was more moderate in cases with mild treatment. In a study 
comparing the effects of full PRP and mild PRP, both treatment 
methods caused comparable reductions in central visual field 
sensitivity. However, full therapy caused a markedly greater 
reduction in sensitivity in the peripheral visual field compared to 
mild therapy24. Muqit et al.25 evaluated the effect of argon laser 
PRP on the retinal nerve fiber layer (RNFL) and visual field in 
a study including 10 eyes. Visual field analysis of the central 10 
degrees and 24 degrees using 24-2 SITA-fast at 10 weeks and 6 
months post-treatment revealed improved mean deviation (MD) 
in a majority (8/10) of eyes. 

In another study by Muqit et al.,11 40 eyes of 24 patients 
with PDR were treated with 1,500 laser pulses, delivered to 
half of the eyes as 100-ms PASCAL spots in 3 sessions at 2-week 
intervals, and to the other half of the eyes as 20-ms PASCAL in 
a SS. Visual field analysis done 4 weeks after treatment showed 
significant improvement in MD compared to baseline in the 
20-ms treatment group. They reported no significant change in 
the other group.

In a later study by Muqit et al.,10 areas with ischemia and 
retinal capillary nonperfusion on wide-field angiography were 
treated with 1,500 PASCAL laser burns with 20 ms pulse 
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duration and 200 µm spot size through a Mainster 165 PRP lens. 
SITA-standard visual field analysis at 12 and 24 weeks post-laser 
showed a 1.25 dB improvement in MD.

Nagpal et al.8 compared CL and PASCAL in 60 patients 
who underwent PRP. They conducted visual field analysis at 
1 month post-treatment and found that the eyes treated with 
PASCAL had higher retinal sensitivity, but the difference was not 
statistically significant.

None of the studies using Visulas 532s VITE®, Valon®, and 
Navilas® have evaluated the effect of PRP on visual field.

Effect of Multispot Lasers on Retina Nerve Fiber 
Layer Thickness and Central Macular Thickness 

Laser photocoagulation primarily affects the retinal pigment 
epithelium (RPE) and outer retinal layers. Examination of laser 
burns after 1 week reveals that laser therapy also causes edema 
in the inner retinal layers. Longer pulse durations have been 
reported to cause more pronounced edema compared to shorter 
durations.13 OCT studies have demonstrated that short pulse 
duration (20 ms) creates conical burns in the outer retinal layers, 
thus sparing the inner retinal layers.26 It has also been reported 
that high-power laser can cause full-thickness destruction of the 
retina, including the ganglion cell layer.13 Over time, ganglion 
cell damage can lead to reduced RNFLT and peripapillary RNFL 
thinning. 

Blankenship27 reported thickening of the temporal RNFL 
following experimental laser photocoagulation in rabbits.

Muqit et al.25 applied 2,000 argon laser pulses at 100 ms 
duration, 300 µm spot size, and 136 mW power in multiple 
sessions (MS) to 10 eyes. They assessed RNFLT before and at 10 
weeks and 6 months after laser therapy using time-domain (TD) 
OCT. They observed an 8 µm increase in RNFLT at 10 weeks 
(p<0.05) and a 4 µm decrease at 6 months (p<0.05) compared 
to baseline.

Eren et al.28 investigated the effect of PRP on CMT and 
RNFL by applying PRP to 52 eyes of 30 patients who were 
newly diagnosed with PDR and had undergone no previous 
treatment, then evaluating patients at 3 and 6 months post-laser. 
They noted marked RNFL thickening at 3 months, followed by 
a pronounced thinning compared to baseline at 6 months. 

In a retrospective study of the effect of MSL on RNFLT, 
Park and Jee29 evaluated 33 eyes treated with PASCAL, 34 eyes 
treated with CL and 38 eyes that were not treated. Peripapillary 
RNFLT showed no significant changes at 6 months or 1 year in 
the PASCAL group but was markedly lower at both 6 months 
and 1 year in the CL group. 

The effect of PRP on RNFLT was not evaluated in any of the 
Visulas 532s VITE®, Valon® or Navilas® studies.

In another study from our clinic which has not been 
published yet, mean RNFLT was 2.27 µm and 4.39 µm greater 
than baseline at 1 and 3 months, respectively, after 20-ms Valon 
laser therapy (p>0.05). Treatment with 100-ms CL resulted in a 
3.74 µm increase in RNFLT at 1 month (p=0.03) and a 2.32 µm 
increase at 3 months (p=0.19). 

Transient or persistent macular edema may occur after PRP. 
The DRS reported macular edema at 6 weeks post-treatment in 
21% of eyes treated with argon laser and 46% of those treated 
with xenon arch.30

In a recent multicenter study by the Diabetic Retinopathy 
Clinical Research group, 155 eyes with NPDR or PDR were 
treated with 1,260-1,274 argon laser shots of 50-200 ms 
duration and 200-500 µm spot size. The physicians decided 
whether to apply the treatment in a SS or in 4 MS held at 
4-week intervals. On day 3 after the SS or the first MS, CMT was 
increased by 9 µm in the SS group and 5 µm in the MS group. 
At 4 weeks, the increase was 13 µm in the SS group and 5 µm 
in the MS group, whereas the increase was equivalent (14 and 15 
µm) in both groups at 17 weeks.31

In the previously discussed study by Muqit et al.11 including 
40 eyes of 24 patients with PDR, CMT was also evaluated and 
the MS group showed 22 µm and 20 µm increases in CMT 
at 4 and 12 weeks, respectively (p<0.001). They reported no 
significant increase in CMT in the SS group.

In their previously mentioned study, Nagpal et al.8 noted no 
increase in macular thickness at 3 or 6 months in either study 
group. In a study by Muraly et al.9 comparing PASCAL and 
532 nm CL, the authors reported that none of their patients 
developed macular edema.

In a study evaluating the effect of MSL on CMT, Watanachai 
et al.32 applied SS-PRP to 40 eyes newly diagnosed PDR with 
no prior treatment and central foveal thickness (CFT) <300 µm. 
They observed significant increases in CMT after 4 and 12 weeks 
(24 µm, p=0.001 and 17.4 µm, p=0.002, respectively). Two eyes 
developed macular edema at 12 weeks.

Oh et al.33 evaluated development rates and risk factors of 
macular edema after SS-PRP in 129 eyes with pre-treatment 
CFT <300 µm. Macular edema was noted in 11 eyes at 1 
month after treatment; the edema had resolved in 5 of those 
eyes at 3 months. The formation of edema has been associated 
with the presence of subretinal fluid and retinal cystoid space 
on OCT.

CMT was not evaluated in any of the PRP studies using 
Visulas 532s VITE or Navilas.

Pain Studies with Multispot Lasers

Laser photocoagulation is painful for some patients. This 
pain may result in some patients not completing their treatment. 
Various methods for pain prevention have been recommended 
in the literature (such as oral or topical nonsteroid anti-
inflammatory drugs [NSAID] and peribulbar anesthesia).34,35 

Possible causes of pain include thermal diffusion into the 
choroid, stimulation of the ciliary nerves in suprachoroidal space, 
thermal diffusion to the RNFL or direct thermal damage to the 
posterior ciliary nerves.

Al-Hussainy et al.36 conducted a prospective study in 20 
patients indicated for PRP for various reasons. In a SS, they 
applied 500 CL shots with 0.1 s duration, 300 µm spot size 
to the superior or inferior region, and 500 CL shots with 
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0.02 ms duration, 300 µm spot size to the rest of the retina. 
Although greater power was required to induce moderate 
burns with 0.02 s pulse durations, pain assessment indicated 
that shorter durations caused less pain (1.41 for 0.02 s, 5.11 
for 0.1 s).

Muqit et al.7 randomly applied 20-ms or 100-ms PASCAL 
PRP under topical oxybuprocaine to 40 treatment-naive eyes 
of 24 patients. A researcher blinded to the treatments used a 
pain questionnaire at 1 hour (numerical pain score [NPS]) and 
a headache questionnaire at 1 month (numerical headache score 
[NHS]). Mean NPS was 2.4 (mild) for the 20-ms group and 
4.9 (moderate) for the 100-ms group; mean NHS was 1.5 for 
the 20-ms group and 3.2 for the 100-ms group. Both of the 
differences were significant.

In the previously mentioned study by Muraly et al.9 
comparing PASCAL and a CL, patients were asked to rate their 
pain as mild, moderate, or severe after treatment. Patients 
reporting mild, moderate, and severe pain in the PASCAL group 
were 40, 10, and 11, while in the CL group these numbers were 
11, 25, and 14, respectively.

Nagpal et al.8 performed PRP using PASCAL in one eye 
and a 532 nm CL in the fellow eye in 60 patients with bilateral 
symmetric PDR or severe NPDR. Following treatment, patients 
scored their pain using a visual analog scale (VAS). The average 
score was 4.6 in the CL group, compared to 0.33 in the PASCAL 
group. 

Seymenoğlu et al.37 performed PRP in 70 PDR patients, 
half using PASCAL and half using a CL. Pain was scored 5 
minutes after the procedure using the VAS. Mean pain score 
was 1.54±1.22 in the PASCAL group and 5.54±3.28 in the CL 
group, which was a statistically significant difference. 

Pain assessment by VAS was also done in a study 
comparing the Navilas and PASCAL. Patients treated with 
100-ms pulse durations reported less pain with the Navilas 
system than the PASCAL (1.0±0.91 vs 2.4±1.99). Patients 
also reported less pain with the Navilas at 30-ms pulse 
duration (0.9±1.14 vs 1.6±1.41), but the difference was not 
statistically significant.

In a randomized, prospective study by Röckl and Blum,14 
46% of the patients who underwent 100-ms single-spot 
peripheral laser photocoagulation with the Visulas 532s VITE 
reported pain at an average level of 4.4 (range, 2-8), while only 
1.3% of those treated with 20-ms MSL reported pain at a level 
of 3 or 4. 

Küçümen38 used the VAS to evaluate pain in 107 patients 
who underwent PASCAL photocoagulation for various reasons. 
Reported pain score distribution was 0 in 46%, 1 in 20.8%, 2 in 
8.2%, 3 in 12.5%, and 4 in 12.5% of patients. 

In a study from our clinic pending publication, 42 treatment-
naive eyes of 21 patients underwent PRP. Each patient received 
20 ms, 300 µm spot size Valon laser therapy in a SS or 100 ms, 
300 µm spot size in 3 sessions. After each session, patients scored 
their pain using the VAS. Pain was in the mild range with both 
treatment methods (2.4 for 20 ms, 3.0 for 100 ms). 

Choroidal Detachment in Single-session 
Multispot Laser Therapy

In their comparison of SS and MS argon laser PRP, Doft 
and Blankenship19 noted a significantly higher incidence of 
side effects such as exudative retinal detachment, choroidal 
detachment and elevated IOP in the SS group compared to 
the MS group. The PASCAL® laser has been used since 2006 
and the Valon® laser and Visulas 532s VITE® since 2009 for 
SS-PRP. The aforementioned side effects have been reported in 
the literature as isolated cases. Of a series of 883 patients who 
underwent PASCAL SS-PRP within a period of 2 years, Natesh 
et al.39 observed symptomatic choroidal detachment in a single 
patient. Velez-Montoya et al.40 reported 2 cases of choroidal 
detachment and 1 case of exudative retinal detachment from 
among 1,301 patients who underwent PASCAL PRP in a span 
of 7 months. Sheth et al.41 noted choroidal detachment in 2 of 
666 patients who underwent PASCAL PRP within a period of 
2 years.

In another study from our clinic which will be published in 
the near future, we observed exudative retinal detachment in 1 
eye from a series of 20 patients who underwent PRP using the 
Valon laser. The retinal detachment resolved within 15 days 
with topical NSAID and the patient experienced no reduction in 
visual acuity compared to baseline. 

Conclusion
PRP has been the gold standard in PDR treatment since 

it was proven effective in the DRS.1 PRP may be completed 
over MS conducted at intervals of 1-2 weeks. Completion in 
a SS is less common due to the need for more local anesthesia 
to manage the higher pain levels and the higher incidence 
of side effects such as macular edema, angle closure, and 
exudative retinal detachment. However, completion in MS 
requires a physician to spend more time per patient, requires 
the patient to make multiple trips to the hospital, and 
increases the economic burden of treatment. It also means 
that treatment remains incomplete in more patients due to 
poor patient compliance. SS CL therapy is not preferred by 
many physicians due to the higher incidence of side effects, the 
need for peribulbar anesthesia in most patients and possible 
complications related to anesthesia. However, dividing 
treatment into MS may delay the onset of treatment effect, 
particularly in high-risk PDR eyes. Complications of PDR 
may occur during the treatment period or before treatment 
takes effect. Because the complications that frequently arose 
due to CL MS-PRP are not a problem with new generation 
lasers, 20-ms SS-PRP with these lasers may be a favorable 
alternative to both SS and MS CL therapy. However, these 
patients must be followed and monitored in case further 
treatment is required. 

The consensus among previous studies is that SS therapy 
with short duration MSL results in shorter treatment time and 
less pain compared to single spot therapy. However, as is evident 
from the above studies, it has not yet been determined whether 
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the ETDRS-recommended number of burns is still applicable 
or whether more burns are required when applying 20-ms laser 
treatment with PASCAL® and similar systems like Valon®, 
Visulas VITE® and Navilas®. Patients who have undergone SS 
therapy with short duration MSL should also be monitored for 
treatment effect, and physicians should not hesitate to provide 
additional therapy when necessary.
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Management of Graves’ orbitopathy remains an important therapeutic challenge. Current therapeutic modalities are unsatisfactory in 
about one third of patients. Rituximab is a monoclonal antibody against CD20 antigen that is expressed in mature and immature B cells. 
Early experience with rituximab suggests that it is a promising alternative therapy for Graves’ orbitopathy. Here we report a case of a 
49-year-old woman with Graves’ orbitopathy and psoriasis. The patient received 2 infusions of 1 g rituximab 2 weeks apart. Although 
there was improvement in inflammatory signs of the disease, proptosis did not change after the treatment.
Keywords: Graves’ orbitopathy, rituximab, psoriasis

Abstract

Introduction

Graves’ disease (GD) is an autoimmune disease that affects 
multiple systems including the thyroid, orbits and skin.1 
Graves’ orbitopathy (GO) is the most common (in 25-50% of 
GD patients) and serious clinical manifestation of extrathyroidal 
GD.2 It has been shown that hyperthyroidism in GD results 
from the stimulation of thyroid stimulating hormone (TSH) 
receptors located on thyrocytes by immunoglobulin G, which 
is continuously produced by B cells. Although the pathogenesis 
of GO has not been fully elucidated, it is believed to be related 
to immunologic cross-activity between thyroid and orbital 
tissue antigens.3 Orbital fibroblasts are the primary cellular 
target of this autoimmunity. Autoantibodies produced in GD 
activate orbital fibroblasts, which stimulates the release of T cell 
cytokines and the subsequent synthesis of extracellular matrix 
components. TSH receptor (TSHR) autoantibodies as well as 
insulin-like growth factor 1 receptor (IGF-1R) autoantibodies 
are also present in GD, and they stimulate the production of T 
cell chemoattractants. B lymphocytes are reportedly responsible 
for the production of TSHR and IGF-1R antibodies. IGF-1R 
has been found on the surface of both T and B lymphocytes.4 
Considering these data, it is understandable that there are many 

mechanisms responsible for GO pathogenesis and thus the 
search for the most appropriate treatments for this disease is still 
ongoing.

Immunomodulatory therapy has recently emerged as a 
treatment option for patients with mild to moderate active GO. 
Rituximab is a monoclonal antibody against the transmembrane 
protein CD20 found in both mature and immature B cells. 
CD20 antigen enables B cell activation and differentiation.5 

There are several studies regarding the use of intravenous (IV) 
rituximab therapy in GO patients.6,7,8 These studies report 
a rapid reduction in GO activity score following rituximab 
infusion, no relapse for over 18 months and no serious drug-
related side effects.6,7 With this report, we aimed to determine 
the efficacy and safety of IV rituximab therapy in a patient with 
GO and psoriasis and to evaluate therapeutic approaches in such 
cases.

Case Report
A 49-year-old female patient presented with hyperemia, 

pain, proptosis, and blurred vision in both eyes. The patient 
had a 2-year history of hyperthyroidism and 35-year history of 
psoriasis. It was learned that she had radioactive iodine therapy 
1.5 years earlier and her ocular symptoms had started about 
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1 year after this treatment. The patient also reported having 
stomach discomfort and a smoking habit. She was diagnosed 
with active GO. Rituximab was chosen for treatment because 
she was already taking adalimumab for psoriasis and was 
contraindicated for steroid use. Full ophthalmologic examination, 
visual field and visual evoked potential (VEP) tests were done 
prior to treatment and at 2 weeks, 1 and 2 months, and 1 year 
after treatment. GO was assessed using Hertel measurement, 
Hess screen, orbital ultrasonography and magnetic resonance 
imaging (MRI). The patient’s clinical activity score (CAS) was 
determined, and thyroid function tests, antithyroid antibody 
levels, and B lymphocytes were evaluated. Chest radiograph, 
routine biochemistry, liver function tests, hepatitis screening 
(prophylaxis based on results), and immunoglobulin levels were 
measured to screen for potential side effects of rituximab. The 
patient’s pretreatment visual acuity was 0.8 in the right eye and 
0.9 in the left eye. There was bilateral eyelid edema which was 
more pronounced on the right, and eyelid retraction was evident. 
The palpebral aperture was 16 mm on the right and 13 mm on 
the left. The conjunctivae were hyperemic, and chemosis and 
caruncular edema were apparent in the right eye. Eye movement 
in the right eye was limited in upgaze. There was pronounced 
proptosis bilaterally: 26 mm on the right and 23 mm on the left 
with a base measure of 105 mm. Orbital MRI revealed bilateral 
thickening of the medial rectus (MR; 6.25 mm right, 4.8 mm 
left) and inferior rectus (IR; 8.1 mm right, 7.2 mm left) muscles. 
Hess screen test revealed underaction of the left IR muscle. The 
patient reported spontaneous pain in the right eye and her CAS 
was 7/7 in the right and and 5/7 in the left eye. Intraocular 
pressure in the right and left eye was 23 mmHg and 22 mmHg 
in primary gaze position and 27 and 24 mmHg in upgaze, 
respectively. Visual field and VEP tests were normal. Antithyroid 
antibody levels were elevated (antithyroglobulin antibody: 717.2 
IU/mL, TSHR antibody: 20.98 U/L); thyroid hormones and 
B lymphocytes were within normal range. Systemic screening 
prior to rituximab therapy revealed no pathologies. The patient 
received 2 infusions of 1000 mg IV rituximab administered 
2 weeks apart. To prevent allergic reaction, 1 g paracetamol 
and 10 mg chlorpheniramine were administered prior to 

infusion. After the second dose of rituximab was administered, 
improvements were observed in the soft tissue findings of 
eyelid edema, hyperemia, conjunctival edema, hyperemia, and 
caruncular edema. CAS score was 5/7 for the right and 4/7 for 
the left eye. Orbital MRI revealed significant reduction in MR 
(5.6 mm right, 4.6 mm left) and IR (5.6 mm right, 5.5 mm 
left) muscle thickness, but there was no change in the degree of 
proptosis. Antithyroid antibody levels decreased to baseline levels 
(antithyroglobulin antibody: 606.5 IU/mL, TSHR antibody: 
13.56 U/L). There was also improvement in the patient’s signs 
of psoriasis. The patient has been followed for 4 months and no 
treatment-related side effects have been observed. Figures 1, 2 
and 3 show pre- and posttreatment images of the patient’s eyes, 
orbital MRI, and psoriatic lesions.

Discussion
GO is an autoimmune disease resulting from cross-reactivity 

between antigens of the thyroid and orbital tissues. Stimulation 
of orbital TSHRs induces the release of glycosaminoglycans from 
fibroblasts, which in turn alters the osmotic balance, leading to 
fluid retention and an increase in orbital volume.9,10

Although GO is usually mild and resolves spontaneously, 
it may be severe enough to threaten sight in 3-5% of cases.9 
The course of the disease has two distinct stages, an active 
phase followed by an inactive phase. Signs and symptoms in 
the active phase include proptosis, lid hyperemia, periorbital 
edema, conjunctival hyperemia (particularly near the 
extraocular muscles), chemosis, caruncular edema, diplopia, 
corneal ulceration, and rarely vision loss due to optic nerve 
compression.3 These findings are associated with inflammation, 
glycosaminoglycan accumulation, and increased adipose tissue. 
As the bony orbit cannot expand, an increase in orbital volume 
disrupts venous drainage, leading to edema and chemosis in the 
orbital region.3,9 The active phase is marked by the effect of 
cytokines (interleukin-6, interleukin-1, and gamma interferon) 
released from T helper (Th) type 1 cells.10,11 

The inactive phase is characterized by more stable proptosis, 
lid retraction, and restrictive strabismus, whereas signs of 
inflammation resolve. The disease generally enters the inactive 
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Figure 1. A) Pretreatment photograph showing bilateral proptosis which is more pronounced on the right, lid retraction, lid hyperemia and edema, conjunctival hyperemia, 
and right caruncular edema; B) posttreatment photograph showing bilateral improvement in lid edema, hyperemia, lid retraction, and conjunctival hyperemia
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phase an average of 18-24 months after onset.3 The cytokines 
involved in this phase originate from T helper-2 (Th2) cells and 
are predominantly interleukin-4, 5 and 10.11

In addition to T cells, B cells also play a role in the 
pathogenesis of GO. It has been demonstrated that B cells 
are abundant in the orbits of GO patients and that they 
produce autoantibodies against TSHR and IGF-1R. Aside from 
producing antibodies, B cells present antigens to T cells and 
mediate their activation via cytokines.12 Therefore, agents that 
are effective against both T cells and B cells are now used in the 
management of GO.13

Currently, the most common therapeutic approaches to 
GO are corticosteroids, radiotherapy, and decompression 
surgery.13,14 Long-term corticosteroid use can lead to 
hypertension, hyperglycemia, diabetes, osteoporosis, cushingoid 
appearance, proximal myopathy, peptic ulceration, increased 
susceptibility to infections, and psychiatric disorders.15 External-

beam radiotherapy can cause temporary exacerbation of ocular 
symptoms and cataract. Furthermore, it is not generally 
recommended for diabetic and hypertensive patients due to 
the risk of radiation retinopathy, a rare but sight-threatening 
complication. It is also not recommended for patients under 35 
years of age because it can precipitate carcinogenesis.16,17 Orbital 
decompression surgery is performed in the active phase when 
there is a threat to optic disc function, or for cosmetic purposes 
in the inactive phase. The procedure requires an experienced 
surgical team.13,14,18 Due to the limitations of these therapeutic 
modalities, the search for effective treatment for GO is ongoing. 
The efficacy of rituximab in other autoimmune diseases such as 
rheumatoid arthritis suggested that it may also be effective in the 
management of GO.

Rituximab is a monoclonal antibody against the 
transmembrane protein CD20, which is expressed in both 
mature and immature B cells. The CD20 antigen enables the 
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Figure 2. Orbital magnetic resonance imaging showing A) pretreatment fusiform thickening of the extraocular muscles and B) posttreatment regression of the extraocular 
muscle thickening 

Figure 3. A) Pretreatment photograph showing a light-colored psoriatic lesion on the top of the foot; B) posttreatment photograph showing regression of the psoriatic lesion
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activation and differentiation of B cells. As CD20 is absent in 
plasma and stem cells, rituximab can prevent B cell activation 
and differentiation without disrupting the immunoglobulin 
structure or B cell regeneration. In GO, which primarily involves 
T cells, rituximab also disrupts B cells’ antigen-presenting 
function.19,20 Rituximab has been shown to deplete B cells 
for 4-6 months and reduce signs associated with active GO. 
The earliest study related to this was presented by Salvi et al.,6 
who reported an extremely rapid (within hours) regression of 
proptosis and clinical signs after rituximab treatment.

To date, most relevant studies are case reports or small case 
series; no controlled clinical studies have been conducted yet. 
Khanna et al.21 administered rituximab to 6 patients whose 
active GO was unresponsive to steroid therapy and orbital 
decompression surgery. All of the patients showed improved 
CAS and reduced orbital inflammation, but proptosis and 
strabismus remained unchanged. The authors concluded that 
rituximab does not offer a cure for GO but can be considered as a 
salvage therapy, particularly in cases of serious complications like 
optic neuropathy. Similarly, our case did not show improvement 
in proptosis or eye movement restriction despite regression of 
signs related to soft tissue involvement. The presence of another 
autoimmune disease, normal baseline B lymphocyte levels, or 
having previously underwent 8 cycles of adalimumab therapy 
for psoriasis may explain why our patient did not exhibit rapid 
improvement following rituximab treatment. Furthermore, 
patients in other studies of rituximab were administered 
combined therapy with corticosteroids. We did not use that 
approach due to our patient’s contraindication for steroid use. In 
a study evaluating patients treated with rituximab, it was noted 
that 2 of the 3 patients who did not respond to treatment had 
received only rituximab, whereas all of the responsive patients had 
been treated with both rituximab and corticosteroids. Combined 
use of the two agents may have provided a quicker effect and 
greater improvement of symptoms.22 A case showing transient 
improvement after rituximab therapy with later recurrence has 
also been reported.23 Based on our experience with the present 
case, we believe that rituximab treatment was effective against 
some factors involved in the pathogenesis of GO, but the disease 
still showed progression due to other pathogenetic mechanisms. 

GO is an autoimmune disease and may manifest with other 
autoimmune diseases, the most common of which are rheumatoid 
arthritis and type 2 diabetes. Comorbid dermatologic disorders 
such as pemphigus vulgaris and acquired ichthyiosis have also 
been reported.24 A search of the literature yielded no other 
cases like our own, with GO and coexisting psoriasis. The Th1 
inflammatory cytokines involved in the active phase of GO are 
also responsible for the pathogenesis of psoriasis.25 The effect 
of rituximab on psoriasis is controversial. There are reports of 
patients developing psoriasis after rituximab therapy, but there are 
also cases whose cutaneous lesions and psoriatic arthritis partially 
improved after taking rituximab.26,27 Interleukin-10-secreting 
regulatory B cells mediate the suppression of autoimmune and 
inflammatory diseases by inhibiting Th1 and Th2 cytokine 
polarization, antigen presentation, and proinflammatory 

cytokine production by monocytes and macrophages. B cell 
depletion after treatment with drugs like rituximab may result 
in exacerbation of autoimmune diseases like ulcerative colitis 
and psoriasis.28,29 The proposed mechanism by which rituximab 
causes psoriasis is that the depletion of B cells eliminates their 
regulatory effect over T cells, resulting in an abnormal T cell 
response or subclinical infection which triggers psoriasis.26 
Rituximab treatment has also been reported to bring about 
partial amelioration of psoriatic lesions, but those patients were 
under rituximab therapy for lymphoma or other hematologic 
diseases and had coexisting psoriasis. The improvement of 
psoriatic plaques in these patients has been associated with the 
effect of rituximab on immune complexes that mediate the 
production of tumor necrosis factor alpha (TNF-α).27 TNF-α 
blockers are used in the management of psoriasis.

Our patient was also administered the TNF-α blocker 
adalimumab for psoriasis prior to rituximab therapy. After 
rituximab, she exhibited no increase in psoriatic lesions and in 
fact a partial improvement was observed. This may be attributed 
to the effect of rituximab on TNF-α. Our patient exhibited no 
side effects related to rituximab therapy during the 4 months of 
follow-up. Potential short-term side effects such as hypotension, 
sinus tachycardia, and serum sickness have been reported in 
the literature. Rare instances of polyarthritis, ulcerative colitis, 
urinary system infections, cardiac arrest and pneumonia have 
been reported in the long-term.22 The low incidence of serious 
side effects makes rituximab therapy advantageous.

Smoking is another important issue in the management 
of GO, and patients who smoke are strongly advised to quit. 
Cigarette use is proven to increase the prevalence and severity of 
GO. Moreover, smoking is a cause of poor treatment response. 
Smoking has been shown to increase the synthesis of hyaluronic 
acid by orbital fibroblasts in adipose tissue; furthermore, tissue 
hypoxia induced by smoking results in the generation of free 
radicals, which in turn induce the proliferation of orbital 
fibroblasts and stimulate glycosaminoglycan synthesis and 
adipogenesis.30,31 Our patient also had a smoking history. We 
believe this had a negative impact on her recovery and resulted 
in only partial resolution of her symptoms.

Although thyroid function is not associated with GO severity, 
the treatment of hyperthyroidism is undeniably important. 
GO is more severe in the presence of persistent hyper- or 
hypothyroidism; therefore, it is recommended to maintain a state 
of euthyroidism in these patients. Due to higher incidence and 
severity of GO with radioactive iodine therapy, this treatment is 
not recommended for high-risk patients.3 

Conclusion

Although GO is rarely severe, its management is still 
of substantial importance due to possible sight-threatening 
complications and resultant esthetic issues and reduced quality 
of life. Because of the many factors involved in the pathogenesis, 
a single therapeutic approach may not be effective and different 
treatment protocols may be necessary. In our case, IV rituximab 
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therapy prevented serious complications by arresting disease 
progression and effecting partial resolution of symptoms, 
indicating that IV rituximab is a possible alternative therapy 
for patients with contraindication for steroids or other treatment 
approaches. Randomized, controlled clinical studies are needed 
to evaluate the efficacy and safety of this treatment method.
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A 46-year-old male patient was referred to our clinic with complaints of diplopia and esotropia in his right eye that developed after a car 
accident. The patient had right esotropia in primary position and abduction of the right eye was totally limited. Primary deviation was 
over 40 prism diopters at near and distance. The patient was diagnosed with  sixth nerve palsy and 18 months after trauma, he underwent 
right medial rectus muscle recession. Ten months after the first operation, full-thickness tendon transposition of the superior and inferior 
rectus muscles (with Foster suture) was performed. On the first postoperative day, slit-lamp examination revealed corneal edema, 3+ cells 
in the anterior chamber and an irregular pupil. According to these findings, the diagnosis was anterior segment ischemia. Treatment with 
0.1/5 mL topical dexamethasone drops (16 times/day), cyclopentolate hydrochloride drops (3 times/day) and 20 mg oral fluocortolone (3 
times/day) was initiated. After 1 week of treatment, corneal edema regressed and the anterior chamber was clean. Topical and systemic 
steroid treatment was gradually discontinued. At postoperative 1 month, the patient was orthophoric and there were no pathologic 
symptoms besides the irregular pupil. Anterior segment ischemia is one of the most serious complications of strabismus surgery. Despite 
the fact that in most cases the only remaining sequel is an irregular pupil, serious circulation deficits could lead to phthisis bulbi. Clinical 
properties of anterior segment ischemia should be well recognized and in especially risky cases, preventative measures should be taken.
Keywords: Anterior segment ischemia, Foster, sixth nerve palsy, transposition surgery

Abstract

Introduction 

Anterior segment ischemia is a rare but well documented 
complications of strabismus surgery. It generally manifests 
within 24 hours of surgery with blurred vision, lid and corneal 
edema, anterior segment cells, and hypotony.1 Advanced age, 
procedures involving multiple muscles, procedures on vertical 
muscles, hyperviscosity, and systemic vascular diseases are 
among the risk factors for anterior segment ischemia.2 In 
order to prevent this possible sight-threatening complication, 
surgical procedures which spare the anterior ciliary artery 
should be favored, especially in patients with risk factors.3 
In this report, we discuss the precipitating factors, clinical 
features, and management of a case of anterior segment 
ischemia following full-thickness tendon transposition (with 
Foster suture). 

Case Report

A 46-year-old male patient presented to our clinic with an 
approximately 18-month history of esotropia in his right eye 
and diplopia. The patient had no systemic diseases and it was 
learned that his symptoms developed following a car accident. 
The patient’s visual acuity was measured by Snellen chart as 
20/20 in both eyes with refractive correction of -1.50 -1.00x95 
on the right and -1.75 -0.50x120 on the left. Anterior and 
posterior examinations were normal. The patient had esotropia 
of 40 prism diopters and right eye abduction was graded as -4 
(completely limited). Cranial tomography conducted 6 months 
earlier had revealed no pathology. Based on the findings, the 
patient was diagnosed with sixth nerve palsy and 18 months 
after the trauma he underwent 6 mm recession of the right 
medial rectus muscle. In postoperative follow-up, the patient’s 
esotropia in primary position continued and right eye abduction 
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remained -3 limited. Ten months after the initial surgery, he 
underwent a full-thickness transposition of the superior and 
inferior rectus muscles to the lateral rectus muscle and a 5/0 
multifilament nonabsorbable lateral fixation suture (Foster) 
was placed in the sclera 8 mm posterior to the lateral rectus 
insertion incorporating the superior rectus and one fourth of the 
lateral rectus muscle. Another 5/0 multifilament nonabsorbable 
lateral fixation suture was placed in the sclera 8 mm posterior 
to the lateral rectus insertion incorporating the inferior rectus 
and one fourth of the lateral rectus muscle. On postoperative 
day 1, biomicroscopic examination revealed corneal edema, 
Descemet’s membrane folds, mild hypotony, 3+ cells in the 
anterior chamber, and irregular mid-dilated pupil. The lens 
was not cataractous and fundus examination was normal. 
Visual acuity had declined to 20/40 on Snellen chart. Based 
on the findings, the diagnosis was anterior segment ischemia. 
Treatment with 0.1/5 mL topical dexamethasone drops (16 
times/day), cyclopentolate hydrochloride drops (3 times/day) 
and 20 mg oral fluocortolone (3 times/day) was initiated the 
same day. After 1 week of treatment, the corneal edema had 
regressed and the anterior chamber was free of cells, but the 
pupil irregularity persisted. Visual acuity had improved to 
20/28. Intraocular pressure was normal. The oral fluocortolone 
and topical dexamethasone were gradually discontinued over 
the course of 1 month. The patient’s visual acuity improved 
to 20/20, diplopia completely resolved and at postoperative 1 
month, there were no remaining pathologic signs other than 
pupil irregularity. The patient was orthophoric in primary 

position and there was -1 limitation in right eye movement 
(Figures 1-4). 

Discussion

Circulation to the anterior segment is provided by seven 
anterior ciliary arteries and two posterior ciliary arteries. 
One anterior ciliary artery supplies the lateral rectus muscle 
and two supply each of the other extraocular muscles.1 The 
vertical rectus muscle in particular has a major impact on 
anterior segment circulation.2 Various authors have reported 
anterior segment ischemia due to damage to this vascular 
network during strabismus surgery at rates ranging from 
1/13,000 to 1/30,000.3 Anterior segment ischemia occurs as 
a result of interruption to the blood supply to the anterior 
segment following strabismus surgery. Permanent detachment 
of the rectus muscles cuts blood flow in the anterior ciliary 
arteries. Intravascular coagulative hematologic abnormalities 
and local or systemic factors impairing ocular circulation 
may also contribute to reduced blood flow.4 Advanced age, 
systemic vascular disease, hyperviscosity, diabetes mellitus, 
dysthyroid ophthalmopathy, and 360° scleral buckling surgery 
due to retinal detachment are among the risk factors associated 
with this complication.5 Anterior segment ischemia has been 
reported as a result of strabismus surgery in patients with a 
history of radiotherapy to treat tumors of the head and neck.6 
As a general rule, including more than three rectus muscles 
in a single operation and performing a second rectus muscle 
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Figure 2. On postoperative day 1, corneal edema, Descemet membrane folds, 
irregular pupil and 3+ anterior segment cells are evident 

Figure 3. At postoperative 1 month, there are no pathologic signs other than 
pupil irregularity

Figure 1. Right esotropia is evident preoperatively in primary position. Abduction is -4 limited
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surgery within six months of a previous rectus muscle surgery 
substantially increase the risk of anterior segment ischemia.2 
Olver and Lee7 graded anterior segment ischemia as follows: 
Grade I: decreased iris perfusion; Grade II +pupil signs; Grade 
III: +uveitis; and Grade IV: +keratopathy. Although most 
patients’ iris circulation returns to baseline levels within 2 weeks 
after surgery, the recovery can last up to 12 weeks in some cases. 
Grade IV anterior segment ischemia in particular can lead to 
permanent vision loss due to cataract, corneal scar and macular 
changes. The condition is marked by blurred vision and edema 
of the eyelids, conjunctiva and cornea which usually appear the 
first day after strabismus surgery. The pupil is often mid-dilated 
and light reaction is weak. There may be a high concentration 
of cells in the anterior chamber, but intraocular pressure is low 
due to reduced circulation.8 Anterior segment angiography 
reveals diffuse iris leakage in acute-onset ischemia, versus pupil 
margin leakage and nodule-like vascular dilations in gradual-
onset ischemia. In ischemias that cause iris atrophy, the areas 
of ischemia have distinct margins.9 Arterial circulation often 
recovers in the long term but in some patients, iris atrophy and 
pupil irregularity may persist.1 Kaeser and Klainguti10 noted 
relative iris ischemia in 4 of 10 patients that had previously 
undergone horizontal rectus muscle. 

It is generally recommended to avoid procedures involving 
more than three rectus muscles in order to prevent anterior 
segment ischemia.8 Girard and Beltranena11 reported mild 
anterior segment necrosis due to impaired anterior ciliary 
artery circulation after tenotomy of three or more rectus 
muscles. In an experimental study on monkey eyes by Virdi 

and Hayreh,12 it was determined that simultaneous recession of 
two or three rectus muscles can cause mild to moderate anterior 
segment ischemia, whereas procedures involving four muscles 
can lead to serious, permanent changes. Another surgical method 
developed to prevent anterior segment ischemia and which is 
currently especially used in paralytic strabismus surgery is the 
Hummelscheim procedure. In this technique, the muscle fibers 
attached to the lateral halves of the superior and inferior rectus 
tendons are fixated to the lateral rectus tendon. Many surgeons 
prefer this technique because it preserves the vasculature.13 
In 2001, Brooks et al.14 proposed an adapted version of 
the Hummelsheim procedure in which the vertical rectus 
muscle is resected 4-5 mm prior to transposition (augmented 
Hummelsheim procedure). Couser et al.15 performed medial 
rectus recession with the augmented Hummelsheim procedure 
in 9 patients and reported achieving orthophoria in primary 
position and improved abduction. None of their patients 
developed anterior segment ischemia. Klainguti et al.16 
performed posterior fixation of the contralateral medial rectus in 
addition to the Hummelsheim procedure in 2 patients with sixth 
nerve palsy and reported favorable results with this combination. 
Rectus muscle plication reduces the likelihood of ischemia in the 
lost muscle and anterior segment.17 Oltra et al.18 claimed that 
plication surgery is safe in patients at high risk of developing 
postoperative anterior segment ischemia and demonstrated that 
patients who underwent plication developed fewer filling defects 
on iris angiography. Vijayalakshmi et al.19 performed left medial 
rectus muscle recession and vertical rectus muscle transposition 
to the lateral rectus augmented by lateral fixation sutures in a 
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Figure 4. At postoperative 1 month, the patient is orthophoric in primary position. Abduction is -1 limited.
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patient with sixth nerve palsy. The patient developed anterior 
segment ischemia which resolved upon the removal of the lateral 
fixation sutures and administration of medical treatment. Risk 
of anterior segment ischemia is also markedly higher within 
the first six months after rectus muscle surgery. However, there 
are documented cases of patients developing anterior segment 
ischemia years after initial surgery.20 Although surgeries that 
conserve the anterior ciliary arteries have been shown to reduce 
the risk of anterior segment ischemia, circulation may not always 
continue intra- and postoperatively in vessels believed to be 
saved. Ischemic complications may arise even after successful 
microvascular dissection and conservation. Cases have also been 
documented of patients developing anterior segment ischemia 
after vessel-sparing procedures.21 Some authors argue that 
conjunctival incisions made at the fornix spare the conjunctiva-
Tenon’s capsule junction and are therefore less likely to cause 
ischemia than incisions made at the limbus.22 The Jensen 
procedure (muscle joining technique) is known to preserve 
ciliary circulation to some degree, but it is not a definitive 
solution.23 The minimally invasive strabismus surgery (MISS) 
technique described by Mojon24 reduces the risk of anterior 
segment ischemia by sparing the perilimbal episcleral vessels. 
Nevertheless, the use of local anesthetics containing epinephrine 
can still lead to ischemia.25 In patients at risk of anterior 
segment ischemia, intraocular pressure should be controlled 
preoperatively and local anesthesia without sympathomimetic 
activity should be used. Intraoperatively, peritomy of the 
conjunctiva should kept to a minimum, the rectus muscles 
should not be pulled excessively, and the long posterior ciliary 
arteries should be avoided.5 

In the event of severe anterior segment ischemia, topical 
and systemic steroid therapy is used to suppress inflammation. 
Cycloplegic drugs can be used to prevent synechia; topical 
mannitol and 0.9% NaCl drops can be used to reduce corneal 
edema. Intraocular pressure should be controlled.3 

In the present case, the patient could have been initially 
treated with a Botox injection to the medial rectus muscle 
and, considering the patient’s age and the possibility that a 
procedure involving multiple rectus muscles would be required, 
the surgery initially performed could have been reserved as a 
secondary measure. Furthermore, evaluation of the patient by 
iris fluorescein angiography may have provided a warning of the 
possibility of anterior segment ischemia. 

Conclusion

Anterior segment ischemia is one of the serious complications 
of strabismus surgery. Even though an irregular pupil is the 
only remaining sequel for many patients, serious circulation 
deficits can lead to outcomes as severe as phthisis bulbi. 
Ophthalmologists should be very familiar with the clinical 
features of anterior segment ischemia and take preventative 
measures in risky cases.
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Corneal stromal and/or penetrating ocular injuries from pencils and pencil lead are more common in childhood and may lead to 
intraocular infection or severe intraocular sterile inflammatory reaction. Herein we report 3 children with ocular trauma due to pencil 
lead injuries. The first case had corneal stromal injury caused by a pencil. In the second case, a pencil perforated the cornea and 
contacted the iris. In the third case, pencil lead perforated both the cornea and iris and reached the vitreous through the lens zonules. 
Intracameral triamcinolone (2 mg/0.05 mL) was injected after the pencil lead was removed from the eyeball. Topical anti-inflammatory 
and cycloplegic drops were prescribed. In conclusion, corneal and especially penetrating ocular injuries from pencil lead may have a good 
prognosis with the use of appropriate anti-inflammatory and prophylactic antibiotic treatment and follow-up.
Keywords: Intraocular inflammation, pencil lead, intraocular foreign body

Abstract

 Introduction

Organic intraocular foreign bodies generally cause serious 
inflammatory reaction and infection. The inflammatory reaction 
induced by inorganic foreign bodies is related to the composition 
of the object.1 There are few cases in the literature of intracorneal 
carbon particles2,3 and intraocular penetrating injuries4,5,6,7,8 

due to pencil lead. Although it has been reported that the 
carbon particles from pencil lead may remain dormant in the 
eye without inducing inflammation for long periods of time,2,3 
they have also been reported to cause severe endophthalmitis5 or 
endothelial dysfunction and corneal edema.6 In this report we 
share three cases of pencil lead injury, one with corneal stromal 
injury and two with intraocular penetrating injuries.

Case Reports

Case 1
An 8-year-old boy was admitted to our urgent ophthalmology 

clinic the same day of a pencil injury to his left eye. His visual 
acuity was 20/20 bilaterally. Slit-lamp examination of the left eye 
revealed intact corneal epithelium and intrastromal silver-gray 

carbon particles in the inferonasal quadrant of the cornea. The 
conjunctiva was mildly hyperemic. There was no sign of anterior 
chamber reaction. Anterior segment examination of the right 
eye was normal. Intraocular pressure measured by applanation 
tonometry was 14 mmHg in the right and 17 mmHg in the left 
eye. Fundus examination was normal in both eyes. The patient 
was administered moxifloxacin ophthalmic drops (Vigamox 
0.5%; Alcon Laboratories Inc., Fort Worth, TX, USA) 4 times 
a day for 3 weeks and preservative-free artificial tears (Tears 
Naturale Free; Alcon Laboratories Inc., Fort Worth, TX, USA) 
4 times a day for 4 weeks. No signs of inflammatory reaction or 
injection were observed in follow-up examinations at 1 week and 
1, 4, and 6 months (Figures 1A and 1B). 

Case 2
A 13-year-old patient presented after being poked in the 

right eye by a pencil. The patient’s visual acuity was counting 
fingers (CF) from 0.5 m in the right eye and 20/20 in the left eye. 
On slit-lamp examination, a fragment of pencil lead was found 
lodged in the inferonasal (at 5 o’clock) paracentral cornea of the 
right eye. Seidel test was negative. Anterior chamber examination 
revealed +2 cells in the right eye and was normal in the left eye. 
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No signs of pathology were observed in fundus examination of 
either eye. The patient was admitted for surgical removal of the 
foreign body. The pencil lead fragment lodged in the cornea was 
removed using forceps and viscoelastic to support the anterior 
chamber. The corneal laceration was closed with 4 sutures 
using 10/0 nylon suture. After the procedure, 2 mg/0.05 mL 
triamcinolone and 0.25 mg/0.05 mL moxifloxacin were injected 
into the anterior chamber. On postoperative day 1, treatment 
was initiated with moxifloxacin drops (6 times a day for 1 week, 
then reduced to 4 times a day for 2 weeks). Dexamethasone 
ophthalmic drops (Maxidex, 0.1%; Alcon Laboratories Inc., Fort 
Worth, TX, USA) were started at 8 times a day for 5 days, then 
reduced to 6/day for 1 week, then reduced to 4/day for 1 week and 
tapered by 1 application/day each week until discontinuation. 
On postoperative day 3, visual acuity on Snellen chart was 20/25 
(with or without correction). No inflammatory reaction was 
observed on anterior segment examination. The corneal sutures 
were removed at 3-month follow-up. At 7 months, the patient’s 
visual acuity was 20/20 bilaterally (Figure 2). Corneal scar and 
a few isolated carbon particles were observed in the inferonasal 
paracentral cornea of the right eye. There were no further changes 
noted at 1-year follow-up.

Case 3
A 15-year-old male patient whose right eye was stabbed with 

pencil lead was referred from outside the city to our clinic on 
the second day after the trauma. His visual acuity was CF from 
0.5 m on the right and 20/20 on the left. Slit-lamp examination 
revealed pencil lead in the right temporal cornea (between 8-9 
o’clock) that had perforated the cornea and iris near the limbus. 
Cyclitic membrane was noted around the pupillary region and 
hypopyon was present (Figure 3A). The left eye appeared normal. 
Fundus examination could not be performed in the right eye, 
but was normal in the left eye. The vitreous and retina appeared 
normal on B-mode ultrasonography of the right eye. The patient 
was admitted for surgery to remove the foreign body. Under 
viscoelastic support of the anterior chamber, microforceps were 

used to remove a foreign body approximately 5.5 mm long and 1 
mm in diameter (Figure 3B). After the procedure, 2 mg/0.05 mL 
triamcinolone and 0.25 mg/0.05 mL moxifloxacin were injected 
into the anterior chamber. On postoperative day 1, treatment 
was initiated with moxifloxacin drops (6 times a day for 1 week, 
then reduced to 4 times a day for 2 weeks); dexamethasone 
ophthalmic drops were initiated at 8 times a day for 5 days, then 
reduced to 6/day for 1 week, then 4/day, and finally tapered by 
1 application/day each week until discontinuation. The patient’s 
visual acuity was 20/20 on postoperative day 5. His visual acuity 
was still 20/20 at 1-year follow-up. On slit-lamp examination, 
corneal scar tissue and intrastromal carbon particles were noted 
in the right temporal area. No anterior chamber reaction was 
observed (Figure 3C).

Discussion
Pencil lead is made of a mixture of carbon, clay and 

animal fat and is surrounded by a wooden sheath. The main 
component, carbon, is known to usually remain inert in the 
eye. However, potential toxicity due to the other components 
is controversial.5,9 The first reported case of intracorneal carbon 
particles was presented by Jeng et al.2 The patient presented due 
to a chemical injury to the right eye and silver-gray crystalline 
opacities were observed in the corneal stroma. It was learned that 
the patient had sustained a pencil injury to the left eye 8 years 
earlier. However, the patient’s medical records indicated that the 
injury had in fact been to the right eye. Slit-lamp examination 
revealed intact corneal epithelium and silver carbon particles in 
the inferonasal stroma. This demonstrated that carbon particles 
in the corneal stroma were well tolerated in the long term. Philip 
et al.3 reported a case in which intracorneal carbon particles 
were observed during routine eye examination in a patient who 
had sustained a pencil injury to the same eye 3 years earlier. 
Slit-lamp examination of the right eye revealed anterior stromal 
scar, though no signs of previous or current inflammation were 
detected in the intraocular structures. 
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Figure 1. A) Intrastromal carbon particles observed at presentation; B) at four months, the carbon particles are still present but are inert.
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There are also reports in the literature of pencil lead causing 
severe inflammatory reaction and endophthalmitis. One reported 
case underwent corneal suturation and lens extraction following 
a pencil injury to the right eye. Pencil lead fragments were noted 
in the vitreous and on the second postoperative day the patient 
developed endophthalmitis. Although bacterial endophthalmitis 
was suspected based on clinical findings, a vitreal sample taken 
during pars plana vitrectomy was culture negative. It was 
proposed that the wood and aluminum found in pencils may 
have caused a severe inflammatory reaction.5 In another case with 
a history of pencil injury, a suspected conjunctival melanoma was 
excised and the histopathologic report indicated granulomatous 
reaction due to carbon particles.10 

Another patient who had sustained a pencil injury to the 
left eye 4 months earlier presented to an ophthalmologist with 
a complaint of pain in the left eye for 2 days. Examination 
revealed a full-thickness corneal scar, a small area of iris atrophy, 
and a black foreign body resembling pencil lead in the anterior 
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Figure 3C. At 1 year, the intrastromal carbon particles are found to be inert and there are no signs of ocular toxicity

Figure 3. A) At presentation, a foreign body is observed penetrating the cornea in the temporal quadrant. Cyclitic membrane and hypopyon are apparent in the pupillary 
region; B) a pencil lead fragment that paralimbally perforated the cornea and iris and reached the vitreous through the lens zonules is brought into the anterior chamber 
during the extraction procedure 

Figure 2. No signs of ocular toxicity are observed in examination at postoperative 
7 months
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chamber. No inflammatory reaction was observed in the anterior 
chamber and surgery was performed to remove the foreign 
body.9 No anterior chamber inflammation occurred during 
the 1-month follow-up period (with tapering topical steroid 
and cycloplegic agent as medical therapy). A case reported by 
Gül et al.8 presented with severely reduced vision (CF at 2 m) 
following ocular trauma by pencil. On slit-lamp examination, 
corneal perforation and fragments of pencil lead were observed 
at the wound site. The +4 anterior chamber reaction observed 
preoperatively continued after corneal suturation and foreign 
body extraction. Examination on the same day revealed linear 
carbon accumulation on the endothelial surface, and a pencil 
lead fragment was visible on the lens after pupil dilation. With 
hourly steroid therapy, the anterior chamber reaction resolved 
and the endothelial accumulation and material on the lens 
disappeared. Han et al.6 reported a patient with a pencil injury 
12 years earlier who presented with stromal keratitis. Antiviral 
and anti-inflammatory therapy was initiated for a preliminary 
diagnosis of herpetic stromal keratitis. The patient showed 
improvement of clinical findings, but at 3-month follow-up, a 
previously unnoticed foreign body was observed at the anterior 
chamber angle. The authors believed that the previously inert 
pencil lead fragment came into contact with the endothelium 
when it moved, thus triggering an inflammatory reaction. Pencil 
lead perforated the cornea in our second case and in the third 
case it perforated both the cornea and iris, reaching the vitreous 
through the zonules. To prevent a possible inflammatory reaction 
induced by pencil lead in these patients, triamcinolone was 
injected into the anterior chamber at the end of surgery, which 
may be considered possibly beneficial in such cases. 

Conclusion

It can be concluded that carbon particles in the cornea are 
well tolerated in the long term, and that a good prognosis 
can be achieved in cases of intraocular pencil lead injury with 
anti-inflammatory therapy, prophylactic antibiotic therapy, and 
monitoring.
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A 6-year-old boy with a complaint of blurred vision for two months was referred to our clinic. His visual acuity was 20/32 in the right 
eye and 20/20 in the left eye. Optical coherence tomography (OCT) revealed optic disc pit maculopathy in the right eye. The patient 
was followed for 6 months without any treatment. At the end of the 6-month period, the patient’s visual acuity was 20/20 in both 
eyes. The OCT imaging showed spontaneous regression of the optic disc pit maculopathy. In this case report, it is concluded that in 
children, spontaneous regression of the optic pit maculopathy with full recovery of visual acuity is possible. The development of optic pit 
maculopathy in childhood is rare and there are not enough studies on the treatment methods. Therefore, our case report may be helpful 
in the management of similar cases of pediatric optic disc maculopathy.
Keywords: Optic pit maculopathy, optic pit, spontaneous regression

Abstract

 Introduction

Optic disc pit (ODP) is a rare congenital optic disk 
abnormality with an incidence of 1/11,000. ODPs are 
hypopigmented, yellowish, gray-white, oval or round depressions 
that are usually located unilaterally at the temporal part of the 
optic disc.1,2,3 ODPs are usually asymptomatic and noticed 
during routine eye examinations. However, some patients 
with ODP demonstrate significant macular changes, resulting 
in irreversible central visual field defects and reduced central 
visual acuity. These macular changes, including serous macular 
detachment, cystic degeneration, and degenerative pigment 
changes, are defined as ODP-induced maculopathy (ODP-M).1 
The great majority of ODP-Ms become symptomatic in the 
third or fourth decade of life.1 Twenty-five percent of ODP-Ms 
resolve spontaneously, but the final outcomes of these cases are 
shown to be poor.1 Therefore, different treatment modalities 
such as vitreoretinal surgery or laser photocoagulation may be 
preferable over conservative management. In the literature, there 
are only a few cases of childhood-onset ODP-M that showed 
spontaneous resolution.2,4,5 In this report we present a case of a 
6-year-old-boy with ODP-M. To our knowledge, this is the first 

case of ODP-M in children which spontaneously regressed with 
full recovery of visual acuity.

Case Report

A previously healthy 6-year-old boy who had a complaint 
of blurry vision in his right eye for two months was referred to 
the retina department. His best-corrected visual acuity (BCVA) 
measured with Snellen chart was 20/32 in the right eye and 
20/20 in the left eye. Anterior segment findings and intraocular 
pressures of both eyes were normal. Refraction results were +0.75 
D in the right eye, and +0.50 D in the left eye. On fundoscopic 
examination a temporally located ODP associated with cystic 
changes in the macular area was detected in the right eye, while 
no pathological changes were seen in the left eye (Figure 1A). 
High-resolution (HR) optical coherence tomography (OCT) 
(Cirrus, Carl Zeiss Meditec. Inc.) imaging revealed a schisis 
cavity due to the optic pit and cystoid changes due to fluid 
collection under the internal limiting membrane in the right eye 
(Figure 1B). The patient had no family history or known macular 
disorder. As the patient’s visual acuity was 20/32, we opted for a 
conservative approach and the patient was followed for 6 months 
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without any treatment. In the ophthalmologic examination at 
the end of the 6-month period, the patient’s BCVA was 20/20 in 
both eyes. The maculopathy had resolved, leaving some residual 

pigment epithelial changes (Figure 2A). OCT images showed 
regression of the previous findings of ODP-M in the right eye 
(Figure 2B).

57

Figure 1A. Fundus photograph of the right eye showing the optic disc pit and 
maculopathy

Figure 1B. Optical coherence tomography image of the macula of the right eye 
taken at presentation 

Figure 2A. Fundus photoghraph of the right eye showing resolution of the optic 
disc pit maculopathy

Figure 2B. Optical coherence tomography image of the right eye taken at final 
examination
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Discussion
Although spontaneous resolution of ODP-M with 

improvement of visual acuity has been reported, the prognosis 
remains poor in approximately 25% to 75% of the patients.2,4 A 
few cases of spontaneous regression of ODP-M in children have 
been previously reported in the literature.2,4,5 Yuen and Kaye2 

noted a case with spontaneous resolution in which the visual 
acuity of an 8-year-old patient improved from light perception to 
2/30. Sugar4 reported a 4-year-old child whose vision recovered 
after spontaneous regression of the subretinal fluid within 18 
months. Schatz and McDonald5 reported a 6-year-old child 
with spontaneous near-complete reattachment of the macula 
within 5 months. In these studies, conservative management was 
preferred as 25% of ODP-Ms resolve spontaneously.2,4

In our case, visual improvement started within 3 months. At 
the end of the sixth month, unlike other cases in the literature, 
full anatomical and functional recovery was obtained without 
any need for additional interventions.

Though not seen in our case, fluid accumulation between 
retinal layers is a common finding in ODP-M. In a recent study 
of 16 patients with ODP, it was shown by HR-OCT that fluid 
can move directly from the optic pit to the subinternal limiting 
membrane space, ganglion cell layer, inner and outer nuclear 
layers, or subretinal space.6 In our case, HR-OCT revealed a 
schisis cavity due to the optic pit and cystoid changes due to 
fluid accumulation under the internal limiting membrane. 
Despite numerous case reports offering different treatment 
modalities, the best method has not yet been determined for 
pediatric cases. In previous years, laser photocoagulation was 
used in cases that did not show spontaneous improvement within 
three months. Now, however, the presence of vitreous traction is 
the most important determining factor in treatment decisions. 
Most retina specialists recommend the combined use of laser 
photocoagulation of the peripapillary region and vitrectomy 
with or without ILM-peeling.1,7 However, particularly in 
pediatric cases, 3-6 months of follow-up before any surgical and 
invasive procedures is appropriate.

Conclusion
In the management of ODP-M cases, it must be kept in 

mind that spontaneous regression is possible, especially in 

pediatric cases such as ours. Therefore, a more conservative 
approach may be beneficial in the treatment of young patients.
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Susac syndrome is a rare occlusive vasculopathy affecting the retina, inner ear and brain. The cause is unknown, although it generally 
affects young women. This syndrome can be difficult to diagnose because its signs can only be revealed by detailed examination. These 
signs are not always concomitant, but may appear at different times. This report describes a pediatric case who was diagnosed with Susac 
syndrome when retinal lesions were identified in the inactive period with the help of optical coherence tomography (OCT). The purpose 
of this case report is to emphasize the importance of OCT in clarifying undefined retinal changes in Susac syndrome.
Keywords: Optical coherence tomography, retina, retinal artery occlusion, Susac syndrome, diagnosis

Abstract

 Introduction
Susac syndrome (SS) is a relatively rare disorder characterized 

by the triad of encephalopathy, sensorineural hearing loss, and 
branch retinal artery occlusion (BRAO).1 It was first described 
in 1979 by Susac, and Hoyt further refined its description in 
1986.2,3 The condition usually affects females in the mid-teen 
age group, though it can reportedly develop in individuals 
between 7 and 70 years old. To date, approximately 300 cases 
have been reported worldwide, but the prevalence of the disease 
is not exactly known.1 BRAO, one of the ocular signs of SS, 
is a common pathology; it generally develops bilaterally and 
affects multiple retinal fields. In the active stage, BRAO is best 
assessed by fundus fluorescein angiography (FFA), in which 
it typically appears as multifocal fluorescence in the arteriole 
walls.4 However, in the inactive stage, FFA is not particularly 
useful in diagnosing earlier retinal pathologies.2 This case report 
is presented to highlight the importance of optical coherence 
tomography (OCT) in the evaluation of inactive retinal changes 
in the inactive stage of SS. 

Case Report
A 14-year-old female patient with a 2-year history of headaches 

and subsequent hearing loss was referred to our clinic for further 

testing and treatment for visual symptoms that had worsened over 
recent months. The patient’s history included visual complaints 
accompanied by clumsiness and difficulty walking which started 
about 3 months prior to her presentation to our clinic. Cranial 
magnetic resonance imaging (MRI) revealed lesions in the corpus 
callosum consistent with chronic infarct. Furthermore, odiometric 
analysis showed bilateral sensorineural hypoacusis (Figure 1). 

Visual acuity was 20/20 in both eyes and intraocular pressure 
was 16 mmHg in the right eye and 17 mmHg in the left eye. 
Anterior and posterior biomicroscopic examination findings were 
normal. No clear pathology was apparent on FFA examination, 
but a partial defect was noted on visual field analysis (Figure 1). 
In both eyes, cross-sectional OCT revealed pronounced atrophic 
changes in the inner retinal layers corresponding to the areas 
of visual field loss (Figure 2). These findings were considered 
sequelae to previous BRAO. Taken together with her clinical 
signs, the patient was diagnosed with SS. The patient was 
followed without any treatment for about 1 year, during which 
no new active findings were observed.

Discussion

The etiology of SS is still not fully understood. It is 
believed to be an immunologic endotheliopathy that affects the 
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microvasculature of the brain, retina, and inner ear. However, 
other unsupported theories such as vasospastic phenomena, 
coagulation disorders, and viral infections have also been 
implicated in its development.2,5,6 The disease tends to affect 
precapillary arterioles, and encephalopathy is usually the first 
clinical sign. The other clinical signs may emerge at various 
times after the development of encephalopathy. In about 10% of 
cases, disease onset occurs during pregnancy.1,7

Various clinical examinations and analyses are useful in the 
diagnosis of SS. Cranial MRI of SS patients performed due to 
neurological symptoms reveals infarct in the corpus callosum.8,9 

Areas of infarct in the corpus callosum were also observed in the 
present case on MRI. 

Odiologic tests which reflect inner ear involvement are 
also informative in SS patients.6 In our case, odiologic test 
results indicated neurosensorial hypoacusis in both ears. Another 
common finding in SS is partial visual field defects. This 
sign occurs as a result of BRAO, which is often present in the 
syndrome. In addition to visual field loss, ophthalmoscopy in 
these patients may reveal signs of retinal vasculitis, BRAO and 
optic atrophy.2,6,10 In the retinal vasculitis type, the refractive 
or nonrefractive yellowish Gass plaques which may be evident 
in the retinal arterioles are an important diagnostic finding 

for the disease. These plaques may sometimes be mistaken for 
embolism. On FFA examination, hyperfluorescent changes may 
also be observed in the retinal arterial walls in sections distant 
from areas of BRAO.4,11,12,13 

BRAO seen in SS is generally bilateral and affects multiple 
retinal fields. In the active stage, BRAO is best recognized by 
FFA. In the chronic stage, however, the chance of overlooking 
retinal pathologies secondary to BRAO is fairly high, even in 
ophthalmologic examinations that include FFA.2,4 

OCT enables retinal imaging comparable to histologic 
sections, and is currently used in the evaluation of many 
ophthalmologic conditions.14,15,16 In retinal artery occlusion, 
OCT examination shows increased retinal layer thickness and 
reflectivity in the short term, and is used to follow atrophy in 
these retinal layers in the long term.14,17,18 We also found in the 
current study that OCT examination provided useful information 
regarding retinal atrophic changes secondary to BRAO in SS. 
Brandt et al.19 also utilized OCT to evaluate atrophic changes 
in the retina arising in SS. They reported that the morphologic 
changes revealed by retinal OCT examination may facilitate the 
differential diagnosis of SS and multiple sclerosis.19

There is currently no definitive treatment protocol for SS. 
General treatment approaches based on the autoimmune causes of 

60

Figure 1. A pediatric Susac syndrome patient. A) T1-weighted magnetic resonance imaging shows hypointense corpus callosum lesions (arrows); B) odiometric analysis 
reveals bilateral sensorineural hypoacusis; C) visual field analysis shows bilateral scotoma secondary to previous branch retinal artery occlusion
OS: Oculus sinister, OD: Oculus dexter
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SS heavily feature immunosuppressive and immunomodulatory 
agents in the active stage.1,20 As the findings in the present case 
were considered chronic stage sequellae of SS, no treatment was 
administered.

Conclusion

The diagnosis of SS can be difficult because its clinical 
signs do not always manifest concurrently. Therefore, a 
detailed history and thorough systemic evaluation are 

mandatory. Cranial MRI, odiologic tests and retinal imaging 
are important in the diagnosis of this syndrome. Especially 
after an attack, retinal changes secondary to BRAO that are 
not evident in ophthalmoscopic examination or FFA can be 
diagnosed by a detailed OCT examination based on visual 
field analysis. 
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