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Aims: The purpose of this study is to evaluate an Altmetric analysis of the 50 most cited refractive surgery articles in Ophthalmology journals
and to compare them with traditional metrics.

Methods: The term "refractive surgery” was searched, using a time filter between 2010-2020 in the Web of Science core collection database.
The 50 most cited articles between 2010 and 2020 were recorded. Descriptive statistics were performed. The Spearman correlation test was
used to evaluate the correlation between traditional metrics and Altmetrics.

Results: The Altmetric scores of the top 50 articles ranged from 0 to 25, and the median Altmetric score was 4. The citation numbers of the
50 articles ranged from 83 to 523, and the median citation number was 119.5. The most cited article topic was "Toric Intraocular Lens"; the
topics with the highest Altmetric scores were "Toric Intraocular Lens" and "Trifocal Intraocular Lens". There was no significant correlation
between Altmetric scores and number of citations. There was a weak correlation between Altmetric scores and the average citation per year.
Conclusion: The Altmetric score is insufficient, compared with traditional metrics, to show the scientific value of articles on refractive sur-

gery. Altmetrics can be used to supplement traditional metrics.
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INTRODUCTION

Refractive errors are one of the most common causes
of reversible visual impairment worldwide, and refractive
surgery is among the most commonly performed eye sur-
geries worldwide [1]. Refractive surgery can be divided
into two categories: corneal procedures and lens proce-
dures [2]. Corneal procedures are surface ablation proce-
dures (photorefractive keratectomy-PRK, subepithelial
laser keratomileusis-LASEK), laser in situ keratomileusis
(LASIK), and small incision lens extraction (SMILE). Lens
procedures include refractive lens exchange and phakic
lens implantation. PRK, in which the corneal epithelium
is mechanically separated, and the LASEK procedure,
in which the epithelium is separated using alcohol, are
generally appropriate procedures for patients with high
myopia and thin corneas [3]. The LASIK procedure, in
which a corneal flap separation, and laser application re-

sult in faster visual rehabilitation and fewer ocular surfa-
ce symptoms than surface ablation procedures [4]. With
the development of femtosecond laser technology, the
SMILE procedure was defined as a lenticule extraction
procedure in refractive surgery [5]. The advantages of the
SMILE procedure are fewer ocular surface symptoms, less
laser energy use, and less corneal inflammation [6,7]. Bi-
focal and trifocal (diffractive) IOLs have been developed
due to visual problems, especially in the intermediate
and near range, after the implantation of monofocal IOLs
[8,9]. Monofocal toric and multifocal toric IOLs are used in
patients with corneal astigmatism. However, due to pati-
ents’ complaints of halo and glare after the implantation
of these I0Ls, extended depth of field intraocular len-
ses (EDOF IOLs) have been developed to provide good
quality vision at intermediate and long distances [9]. In
addition, toric IOLs are used in patients with severe cor-
neal astigmatism [10]. The Phakic IOL procedure, used as



an intraocular lens implantation without any interven-
tion to the crystalline lens, was developed to correct hi-
gh-grade refractive errors, when using refractive surgical
procedures is risky [11].

The authors are curious about the impact of their pu-
blished articles on a large audience. Traditional metrics
measure the quality and effectiveness of each article
and journal. These include the number of citations the
article has received and the journal’s impact factor. With
the increase in Internet and social media users in recent
years, Altmetrics, a web-based measurement method,
has emerged to measure articles’ effectiveness and quali-
ty [12]. The Altmetric system has become a measurement
system that quickly offers researchers the effectiveness
of their published articles. In this system, the effecti-
veness and quality of published articles are measured
by the number of citations received and the number
of downloads and mentions on social media platforms,
such as blogs, Facebook, and Twitter. The Altmetric Score
(AS) reflects the overall interest that the article received.
The Altmetric system is also known as the social impact
factor [13].

In this study, we aimed to analyze the 50 most cited
articles in the field of refractive surgery published in
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Ophthalmology journals using traditional metrics and
Altmetrics.

MATERIAL AND METHOD

In this study, the term “refractive surgery” was sear-
ched, using a time filter between 2010-2020 in the Web
of Science (WoS) core collection database base search.
The 50 most cited articles in Ophthalmology journals
between 2010 and 2020 were included in the study (Ac-
cess date: Dec 01, 2022). The English articles with full text
in the literature were listed according to the number of
citations. Two researchers independently reviewed the
articles. The main inclusion criteria were articles related
to refractive surgery. Articles unrelated to refractive sur-
gery, not written in English, and whose full text could not
be obtained were not included in the study. The articles
found after the search were sorted from most cited to
least cited, and a list of the top 50 articles was genera-
ted. The titles of all articles, publication year (PY), number
of years since publication (NYsP), first authors, number
of citations (CN), average citations per year (ACPY), AS,
type of studies, journals in which they were published,
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Figure 1. Altmetric donut

Table 1. Journals with top-50 articles, ranked according to the number of articles

mmn—“

Journal of Cataract and Refractive Surgery

Journal of Refractive Surgery 9
Ophthalmology 4
American Journal of Ophthalmology 4
British Journal of Ophthalmology 3
Graefes Archive for Clinical and Experimental

Ophthalmology 2
Investigative Ophthalmology & Visual Science 1
Cornea 1
Progress in Retinal and Eye Research 1
Survey of Ophthalmology 1

Q1
Q1
Q1
Q1

Q1

Q1
Q1
Q1
Q1

1.25 2.875 115(105.5-144)  3.5(3-7)
99 2.71 3.125 132 (105-140) 7 (3-10)
256 8.47 8.339 177 (160.50-208) 7 (5.5-16)
194 4.01 4.451 106 (99.5-123) 4 (3-5.5)
162 3.69 3.402 103 (100-313) 12 (9-12)
105 2.39 2.258 133 (123-143) 4.5 (3-6)
123 2.21 3.659 98 (NA) 0 (NA)
137 4.19 2.362 83 (NA) 1 (NA)
229 347 14.384 97 (NA) (NA)
164 1486  4.037 135 (NA) 14 (NA)

AN — number of articles, IF — impact factor, CN - number of citations, AS — altmetric score, NA — not applicable



journals’ Q category, impact factors (IF) for 2019, 5-year recorded separately for each item, using this automatic

impact factor, and H index were recorded and analyzed. algorithm. The score obtained represents the attention
The AS is designed to make it easier to determine received by the Altmetric company that created the page

how much interest a study is receiving. The bookmark for each research article.

“Almetric it” from the website www.altmetric.com was

used to calculate AS (accessed Dec 01, 2022). Clicking Statistical Analysis

on this bookmark displays the colored Altmetric donut SPSS software (IBM, version 26) was used for the sta-

(Figure 1). Each color in the Altmetric donut represents tistical analysis of all data. The median and interquartile

a different source of attention. AS was calculated and range (IQR) of 25% to 75 % were used, since all data did

Table 2. Number of citations and altmetric scores of top 50 articles, ranked according to the study topics

SMILE 10 131.5 (98-183) 3.5(3-6)
Multifocal IOL 7 131 (112-145) 3(3-5)
SMILE-FemtoLASIK comparison 6 116 (97-132) 1.5(0-12)
Toric IOL 6 175 (148-181) 7 (4-8)
Trifocal IOL 5 106 (105-123) 7 (3-10)
SMILE-LASIK comparison 3 148 (132-176) 4 (3.5-14.5)
Phakic IOL 3 129 (116-132.50) 3(3-5)
LASIK 2 108 (106-110) 2.5(1-4)
Presbyopia correction procedures 2 96 (105-123) 4.5 (4-5)
Others 6 111.5 (105-113) 7.5(7-18)

AN — number of articles, CN — number of citations, AS — altmetric score, SMILE — small-incision lenticule extraction, LASIK — laser-assisted in-situ keratomileusis,
IOL - intraocular lens

Table 3. Number of citations and altmetric scores of top 50 articles, ranked according to the study types and publication year

Prospective comparative 110.5 (101-132) 3(1-12)
Prospective observational 13 137 (112-177) 6 (3-7)
Review 10 117 (97-135) 5.5 (3-8)
Prospective randomized 3 114 (108-147) 4 (3.5-4)
Prospective non-randomized 2 310 (97-523) 7 (2-12)
Retrospective case series 2 191.5 (136-247) 5(3-7)
Retrospective obsevational 2 101.5 (93-110) 7 (4-10)
Systematic review and meta analyse 1 136 (NA) 7 (NA)
Retrospective comparative 1 106 (NA) 1 (NA)
Evaluation of diagnostic test 1 140 (NA) 10 (NA)
Computational modeling study 1 116 (NA) 4 (NA)
2010 8 110 (104-126) 3(3-3)
2011 7 140 (104-324) 3(3-7)
2012 4 138.5(121-161.50) 5(3-7.5)
2013 6 152 (123-177) 7 (6-8)
2014 13 129 (106-136) 4 (2-7)
2015 1 148 (NA) 25 (NA)
2016 7 97 (96-99) 6 (3-12.5)
2017 2 123.5(112-135) 10.5 (7-14)
2018 1 111 (NA) 19 (NA)
2019 1 97 (NA) 5 (NA)

AN — number of articles, CN — number of citations, AS — altmetric score, NA — not applicable



Table 4. Correlation between metrics

_“_ ACRY | Y| NYsP | _IF | SyearlF | Hindex |

0.072 0.319*
CN 0.622 1 0.500**
ACpY 0.024 <0.001 1
PY 0.008 0.093 <0.001
NYsP 0.659 0.236 0.175
IF 0.024 0.775 0.01
5year IF 0.038 0.862 0.014
H index 0.981 0.618 0.652

0.369** 0.065 0.320* 0.295*% 0.003
-0.240 0.174 0.041 0.025 0.072
0.603** 0.199 0.361* 0.345* 0.065
-0.020 0.392** 0.387** -0.008
0.890 1 -0.021 -0.033 0.039
0.005 0.886 1 0.998** 0.410**
0.006 0.825 <0.001 1 0.425**
0.958 0.792 0.003 0.002 1

The values above the diagonal consisting of one value extending from the top left to the bottom right represent the “R” value, and the values below represent

the "P” value.
*Correlation is significant at the .05 level (2-tailed)
**Correlation is significant at the .01 level (2-tailed)

CN - number of citations, NYsP — number of years since publication, AS — altmetric score,

ACpY - average citation per year, IF — impact factor, PY - publication year

not conform to the normal distribution according to the
Shapiro-Wilk test. Categorical variables were expressed
as percentages and numbers. Spearman’s rank correla-
tion analysis was used to evaluate the correlation be-
tween AS, CN, ACpY, PY, NYsP, IF, 5-year IF, and H indexes.
p < 0.05 was considered statistically significant.

RESULTS

The Web of Science search revealed that 5978 articles
on refractive surgery were listed in the Ophthalmology
category between 2010 and 2020. The CN of the 50 arti-
clesranged from 83 to 523, and the median citation num-
ber was 119.5 (IQR 102.75-146.5). The most cited article
was “Small incision corneal refractive surgery using the
small incision lenticule extraction (SMILE) procedure for
the correction of myopia and myopic astigmatism: re-
sults of a 6-month prospective study”, written by Secun-
do and published in the “British Journal of Ophthalmolo-
gy” in 2011 and the number of citations was 523. The AS
of the top 50 articles ranged from 0 to 25, and the median
AS was 4 (IQR 3-8). The article with the highest number
of AS was “Dry Eye Disease after Refractive Surgery Com-
parative Outcomes of Small Incision Lenticule Extraction
versus LASIK” by Denoyer and published in the journal
“Ophthalmology” in 2015, and its AS was 25. The top 50
articles were written by 43 first authors and published in
10 different Ophthalmology journals (Table 1). The jour-
nal with the highest number of articles in the top 50 list
was “The Journal of Cataract and Refractive Surgery” with
24 articles. When the journals were evaluated according
to the “Scimago Journal and Country Rank” category, all
journals were in the Q1 category. The journal with the
highest impact factor was “Survey of Ophthalmology”;
the journal with the highest 5-year impact factor was
“Progress in Retinal and Eye Research” and the journal
with the highest H-index was “Ophthalmology” (Table 1).
Articles in the top 50 list were separated by study topic
(Table 2). Most article topics were related to small-inci-

sion lenticule extraction (SMILE); the most frequently ci-
ted article topic was “Toric Intraocular Lens” (I0OL), and the
topics with the highest AS were the toric IOL and trifocal
IOL groups (Table 2). When articles were separated by
study type, there were 39 original research articlesand 11
review articles (Table 3). The number of articles, CN, and
AS by year of publication of the articles are shown in Ta-
ble 3. The year in which the most articles were published
was 2014 (Table 3). The results of the correlation ana-
lysis between CN, NYsP, AS, ACpY, IF, 5 year-IF, PY, and
H index, are shown in Table 4. There was a weak positive
correlation between AS and AcpY, PY, IF, and 5-year IF,
and there was a strong positive correlation between CN
and ACpY, but there was no correlation between AS and
CN and H-index (Table 4). The titles, first authors, PY, CN,
ACpY, and AS of all articles are shown in Table 5. Three of
the top 50 articles did not have AS.

DISCUSSION

The impact of scientific research on academia is assessed
by the CN it receives and the journal’s impact factor. The
higher the CN an article receives, the higher is its quality
and the more it contributes to Science. However, it takes
a long time for a scientific article to be cited. In addition,
some journals limit the number of article references, which
encourages authors to be more selective in their choice of
references. With the widespread use of the Internet and
social media in recent years, it has become apparent that
these criteria, along with the CN of articles, are also impor-
tant for evaluating the effectiveness of Science, as articles
can be published on platforms such as news sites, Twitter,
Facebook, blogs, LinkedIn, and YouTube and reach a wi-
der audience. It is possible to interact with the article on the
Internet quickly and to reach a large population. Every day,
much scientific content is shared on the Internet. All these
developments have led to the Altmetric system, a web-
based criterion, gaining importance [12]. Altmetrics shows
the interactions of scientific research on the Internet and



Table 5. Top 50 article by metrics

Rank | Artidletitle | Firstauthor | PY | CN | AGRY | AS_

Small incision corneal refractive surgery using the small incision
1 lenticule extraction (SMILE) procedure for the correction of myopia Sekundo W 2011 523 52.3 12
and myopic astigmatism: results of a 6-month prospective study

Results of small incision lenticule extraction: All-in-one femtosecond

2 . Shah R 2011 401 40.1 3
laser refractive surgery
3 Dissatisfaction after implantation of multifocal intraocular lenses de Vries NE 2011 247 24.7 3
4 Safety e_and Complications of More Than 1500 Small-Incision Lenticule Ivarsen A 2014 235 3357 5
Extraction Procedures
Mathematical Model to Compare the Relative Tensile Strength of the : .
. Cornea After PRK, LASIK, and Small Incision Lenticule Extraction TSI 2 s 2 2o .
6 Small-incision lenticule extraction for moderate to high myopia: Vestergaard A 2012 183 2033 3

Predictability, safety, and patient satisfaction

The AcrySof Toric Intraocular Lens in Subjects with Cataracts and
7 Corneal Astigmatism a Randomized, Subject-Masked, Parallel-Group, Holland E 2010 181 16.45 4
1-Year Study

Correcting astigmatism with toric intraocular lenses: Effect of

8 . - . Koch DD 2013 177 22.12 11
posterior corneal astigmatism

9 Toric Intraocular Lenses in the Correctlon of Astlgmatlsm During Kessel L 2016 173 346 7
Cataract Surgery a Systematic Review and Meta-analysis

10 Multifocal |ntr90cular lenses in cataract surgery: Literature review of de Vries NE 2013 156 195 6
benefits and side effects

1 Dry Eye Q|§ease aftgr Refractlvg Surgery Comparative Outcomes of Denoyer A 2015 148 24.66 25
Small Incision Lenticule Extraction versus LASIK

12 Toric intraocular lenses: Historical overview, patient selection, IOL Visser N 2013 148 185 8

calculation, surgical techniques, clinical outcomes, and complications

Comparison of Visual and Refractive Outcomes Following
13 Femtosecond Laser Assisted LASIK With SMILE in Patients With Ganesh S 2014 146 20.85 2
Myopia or Myopic Astigmatism

One-year refractive results, contrast sensitivity, high-order aberrations

14 and complications after myopic small-incision lenticule extraction Sekundo W 2014 143 20.42 6
(ReLEx SMILE)

15 Predlgtors for the Outcome of Small-incision Lenticule Extraction for Hjortdal JO 2012 140 15.55 3
Myopia

Design and qualification of a diffractive trifocal optical profile for

16 .
intraocular lenses

Gatinel D 2011 140 14 10

Central Corneal Volume and Endothelial Cell Count Following
17 Femtosecond Laser-assisted Refractive Cataract Surgery Compared to Takacs Al 2012 137 15.22 8
Conventional Phacoemulsification

Eight-Year Follow-up of Posterior Chamber Phakic Intraocular Lens

= Implantation for Moderate to High Myopia CRIERL 2008 e ek d

19 Multifocal intraocular lenses: An overview Alio JL 2017 135 33.75 14
Comparison of the Visual Results After SMILE and Femtosecond .

20 Laser-Assisted LASIK for Myopia H R 2014 132 18.85 0

21 Multifocal intraocular lenses: Relative indications and Braga-MeleR 2014 131 18.71 1

contraindications for implantation

2 Corneal biomechanical effect§: Small-mqspn Ientlcule_extrz?ctlon WuD 2014 129 18.42 0
versus femtosecond laser-assisted laser in situ keratomileusis

23 Phakic intraocular lenses Part 2: Results and complications KohnenT 2010 129 11.72 3

Visual outcomes and subjective experience after bilateral

2 implantation of a new diffractive trifocal intraocular lens Sheppard AS ATl = e /

25 Fe'mtosecond lenticule extraction for the correction of myopia: preli- Blum M 2010 123 11.18 3
minary 6-month results

2% Comparison of biomechanical effects of small-incision lenticule Roy AS 2014 116 16.57 4

extraction and laser in situ keratomileusis: Finite-element analysis



Intermediate visual function with different multifocal intraocular lens

27 Alfonso JF 2010 114 10.36 3
models

28 Comparlson of blfocgl and trlchal diffractive and refractive Gatinel D 2013 113 14.12 7
intraocular lenses using an optical bench

29 Visual perfgrmance after bllater‘al implantation of 2 new presbyo‘p.la— Monaco G 2017 112 28 7
correcting intraocular lenses: Trifocal versus extended range of vision
A Comparative Evaluation of a New Generation of Diffractive Trifocal

2 and Extended Depth of Focus Intraocular Lenses ey [ AU 11 57/ 1

31 Assoaatl‘on Bgtweeq the Percen't Tissue Altered and Ppst-Laser in Situ SanthiagoMR 2014 110 15.71 4
Keratomileusis Ectasia in Eyes with Normal Preoperative Topography

32 Visual outcomes and optlcal per‘forma.nce of a monofocal intraocular Alio JL 2011 110 11 3
lens and a new-generation multifocal intraocular lens

33 Outcomes of a new diffractive trifocal intraocular lens Moijzis P 2014 106 15.14 10

34 La‘ser in situ keratomileusis flap complications using mechanlcal. Moshirfar M 2010 106 963 1
microkeratome versus femtosecond laser: Retrospective comparison

35 IntraLase.Femtosecond. Laser_vs Mechanical Mlcqueratomes in LASIK Chen SH 2012 105 11.66 7
for Myopia: A Systematic Review and Meta-analysis

36 Effecjc of astigmatism on visual acuity in eyes with a diffractive Hayashi K 2010 105 954 3
multifocal intraocular lens

37 Small incision I.entlcule extraction (SMILE).and fem_tosecond _Iaser Dong ZX 2014 103 14.71 12
LASIK: comparison of corneal wound healing and inflammation

38 Phaklg |ntra‘ocu.lar lenses Pgrt 1: H|st9r|cal overview, current models, Guell JL 2010 103 936 3
selection criteria, and surgical techniques

39 Visual and Refrzf\ctlve Ogtcomes of F'emtosecond.LentlcuIe Extraction KamiyalK 2014 102 1457 4
and Small-Incision Lenticule Extraction for Myopia

40 Comparative Analysis of the Clinical Outcomes with a Monofocal and Pedrotti E 2016 101 202 18
an Extended Range of Vision Intraocular Lens
Early Corneal Wound Healing and Inflammatory Responses after .

41 Refractive Lenticule Extraction (ReLEx) RIS 2011 %8 98 0

4 _Cor.n'parlson of torlc_mtraqcular Iepses and peripheral corneal relaxing Mingo-BotinD 2010 98 8.9 3
incisions to treat astigmatism during cataract surgery

43 Presbyopia: Effectiveness of correction strategies Wolffsohn JS 2019 97 48.5

44 Five-year results of Small Incision Lenticule Extraction (ReLEx SMILE) Blum M 2016 97 19.4 6

45 Clinical Outcomes of SMILE and FS-LASIK Used to Treat Myopia: Zhang Y 2016 97 19.4 24
A Meta-analysis

46 Trlfpcal In'traocular Lens I'mplantatlon to Treat Visual Demands in KohnenT 2016 97 19.4 5
Various Distances Following Lens Removal
Efficacy and safety of multifocal intraocular lenses following cataract

47 and refractive lens exchange: Metanalysis of peer-reviewed publica- Rosen E 2016 95 19 4
tions

48 Intracorneal inlay to correct presbyopia: Long-term results Yilmaz OF 2011 95 9.5 4

49  Outcomes of Small Incision Lenticule Extraction (SMILE) in Low Myopia Reinstein DZ 2014 93 13.28 10
Clinical Outcomes After SMILE and Femtosecond Laser-Assisted LASIK

50 for Myopia and Myopic Astigmatism: A Prospective Randomized Liu M 2016 83 16.6 1

Comparative Study

PY — publication year, CN — number of citations, ACpY — average citation per year, AS — altmetric score

social media and produces a score. Altmetrics provides
metrics for different types of impact and the number of ci-
tations. Some authors suggest using Altmetrics as a mea-
sure of an article’s “diffuse impact” and citations as a mea-
sure of its “scientific impact” [14]. However, Altmetric
criteria also have negative aspects. Altmetrics are used by
both the researchers and also the public, which can lead
to misinterpretation when evaluating articles. In addition,

popular topics receive more attention than technical to-
pics. In this case, it becomes difficult to make an objective
assessment. Studies that are not newsworthy, especially
regarding refractive surgical procedures, receive fewer in-
teractions and have lower Altmetric scores. Some journals
use social media to promote their articles, while others do
not. In this case, Altmetric values also vary from journal to
journal.



The article with the highest AS in the top 50 list was
“Dry Eye Disease after Refractive Surgery Comparative
Outcomes of Small Incision Lenticule Extraction versus
LASIK”. When patients decide to undergo laser treat-
ment, they have to deal with potential post-treatment
side effects in addition to the treatment itself. Therefore,
we believe that the comparative outcomes of dry eye dis-
ease after SMILE and LASIK treatments have more social
interaction. However, the most cited article was “Small in-
cision corneal refractive surgery using the small incision
lenticule extraction (SMILE) procedure for the correction
of myopia and myopic astigmatism: results of a 6-month
prospective study”. This suggests that academics may be
more interested in the latest technology treatment tech-
niques such as SMILE in refractive surgery.

In our current study, the most cited articles were in
the “Journal of Cataract and Refractive Surgery”. The
journals with the highest average AS were the “British
Journal of Ophthalmology” and “Survey of Ophthal-
mology”, and the journal with the highest average CN
was “Ophthalmology”. In the top 50 list, the most stud-
ied topic in refractive surgery was SMILE. Although the
SMILE laser, a relatively new method, compared with
other refractive laser procedures, is the most studied
topic by researchers, the most cited topic was “toric
IOL”, and the topics with the most AS were “toric IOL”
and “trifocal IOL". This indicates that the toric IOL im-
plantation procedure, a suitable option for patients
with corneal astigmatism unsuitable for laser correc-
tion and who want spectacle independence, is of inte-
rest to researchers and the public. In addition, we be-
lieve that trifocal IOL implantation, which is a suitable
procedure for patients in the presbyopic age group
with near, intermediate, and distance vision who want
spectacle independence, has received much attention
in recent years, because of its increasing popularity
and social impact AS.

In the field of refractive surgery, topics of interest to
scientists may not be of interest to the general public.
In our current study, 3 articles did not have AS. Similarly,
Sener et al. performed an Altmetric analysis of articles on
uveitis, and 9 articles did not have AS [15]. Again, in the
study by Bulut et al., in which they performed an Altmet-
ric analysis of articles on glaucoma, 8 articles did not have
AS [16]. As the social importance and popularity of the ar-
ticle’s topic increases, Altmetric activity also increases. In
a study evaluating the Altmetric analysis of the 100 most
cited articles on Covid 19, which was very popular during
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SUMMARY

Aims: To study the relationship between the severity of COVID-induced metabolic changes and the structure and frequency of retinal chan-
ges, according to funduscopy data in patients with different clinical courses of COVID-19.

Materials and methods: 117 patients with COVID-19 were examined. While examining patients, severity of the course of COVID-19, the ex-
pressiveness of changes in the metabolic status were determined; fundus image registration was performed with portable fundus cameras
Pictor Plus Fundus Camera and VistaView (Volk Optical).

Results: As a result of the research, retinal changes were found in 49 (41.9 %) patients with COVID-19. In 8 (16.3 %) cases, clinically signifi-
cant (vitreous hemorrhage, prethrombosis of the central retinal vein or branches of the central retinal vein, thrombosis of the central retinal
vein or branches of the central retinal vein) COVID-induced retinal and ophthalmological changes were observed, which caused a decrease
in visual acuity. In 41 (83.7 %) cases, clinically insignificant changes (cotton wool spots, narrowed retinal vessels, intraretinal and petechial
hemorrhages, tortuosity and dilatation of retinal venules) COVID-induced retinal changes were observed. Clinically significant retinal chan-
ges occur in patients with a statistically significantly higher level of D-dimer and a greater percentage of lung parenchyma lesion than in the
group of patients with clinically insignificant retinal changes (p < 0.05).

Conclusions: The structure of retinal changes in patients with COVID-19 correlates with the severity of the clinical course of the disease and
changes in the metabolic status of patients. Metabolic changes are correlated with retinal changes and can be predictive for preventing
general vascular complications in COVID-19.

Key words: retina, ophthalmoscopy, retinal vessels, COVID-19, metabolism
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INTRODUCTION

of retinal venules [1,2,6], central retinal vein thrombosis
[2,9,10], central retinal artery occlusion [3,10,11], acute

The course of COVID-19 is also accompanied by oph-
thalmological manifestations. Among retinal changes,
the most frequently diagnosed are cotton wool spots
[1-9], intraretinal and petechial hemorrhages along the
course of retinal vessels [1,3-9], tortuosity and dilatation

macular neuroretinopathy [2,9,10], COVID-19-induced
maculopathy [2]. However, there are studies in which no
retinal changes were detected during COVID-19 [12].

In turn, in a limited number of works, clinical paral-
lels are made between metabolic changes in patients’



organisms and the presence and/or expressiveness of
retinal changes. A number of authors [13,14] note that
ophthalmic manifestations of COVID-19 occur with ele-
vated levels of fibrinogen, C-reactive protein, ferritin, and
D-dimer [15], laboratory-diagnosed anemia in patients
with severe COVID-19 [16], increased levels of C-reac-
tive protein, number of platelets, ferritin and aspartate
transaminase [17], increased levels of ferritin, D-dimer,
procalcitonin, interleukin-6, C-reactive protein, fibrino-
gen [13,18], increased levels of fibrinogen, D-dimer, pro-
thrombin time [13,19-22]. On the other hand, there are
data on COVID-19-associated ophthalmological manifes-
tations [20,23-25] which were not accompanied by any
metabolic changes.

The limited and inconsistent data on the correlatio-
nal relationship between retinal changes and metabolic
changes do not allow a full understanding of the mecha-
nisms of retinal changes in COVID-19, making it difficult
to determine their relationship with the different clinical
courses of this infectious disease, and complicating the
choice of tactics for the correction of retinal changes in
COVID-19. Such data would make it possible to diagnose
the degree of severity of the main infectious disease, as
well as to timely correct ophthalmological manifestations
or make corrections in the treatment of diseases that re-
quire long-term therapy and were diagnosed before the
disease of COVID-19 [26-29].

The purpose of our work is to study the relationship
between the severity of COVID-induced metabolic chan-

Table 1. Clinical characteristics of groups of patients

Clinical characteristics of groups of patients

Without retinal

ges and the structure and frequency of retinal changes,
according to funduscopy data in patients with different
clinical courses of COVID-19.

MATERIALS AND METHODS

The research was conducted on the basis of the Infec-
tious Disease Department and the Regional Ophthalmol-
ogy Center of the ME “Volyn Regional Clinical Hospital
of the Volyn Regional Council” from October 2020 to
December 2021. The study is prospective, uncontrolled
and cross-sectional. 117 patients (234 eyes) aged 42 to
82 years (positive PCR test for COVID-19) were under ob-
servation. All clinical observations were carried out with
the informed consent of the patients — Ethics Committee
Protocol N2 4 of November 13, 2023.

All patients were divided into two groups: 1) with-
out retinal changes in COVID-19 (68 patients, 136 eyes);
2) with the presence of retinal changes (49 patients, 98
eyes) (subgroup 1 (8 patients, 16 eyes) — significant reti-
nal changes, subgroup 2 (41 patients, 82 eyes) — insignif-
icant) (Table 1).

According to the severity of the clinical course of
COVID-19, patients corresponded to four groups (Table 1)
in accordance with the recommendations of the Mi-
nistry of Health of Ukraine [30,31]. Group 1 (34 patients)
included patients with an extremely severe course
of COVID-19, with signs of severe pneumonia, acute

changes
(n=68)
Age (years) 61.1£10.2
Female (n, %) 43 (63.2)
Male (n, %) 25 (36.8)
Lung parenchyma damage (%) 41 (35-54.5)°
Blood saturation level (%) 94 (89.5-96)
Oxygen flow rate (I/min) to maintain 10 (6-15)
blood saturation at a normal level
Systolic blood pressure (mmHg) 21 (30.9)
Diastolic blood pressure (mmHg) 6 (8.8)
1 10 (14.7)%3
16 (23.5)
Clinical course, group (n, %)
3 26 (38.2)
4 16 (23.5)

.Wi.th clinical!y _ \!Vit!1 cIinicaIIy The level of
ﬂghlf;:rr‘\;::tmal |n5|gnc|:;1;ra‘;te:etmal significance of the
(n=8) (n=41) difference, p
69.9£11.9 61.8 £9.1 0.067
4 (50) 19 (46.3) 0.211
4(50) 22(53.7)
68 (55.5-72) 51 (24.8-68)" 0.039
90.5 (82-97.5) 94 (86-94) 0.385
12.5 (7-16) 10 (0-16) 0.830
1(12.5) 14 (34.1) 0.479
2(25.0) 7(17.1) 0.260
6 (75.0)' 18 (43.9)’
1(12.5) 9(22.0) - 0.001
1(12.5) 3(7.3)
- 11 (26.8)

Note: at an oxygen flow rate to maintain blood saturation at a normal level of 0-5 I/min, oxygen was supplied through nasal cannulas, 5-10 I/min - through
a mask without a respiratory bag, 10-20 I/min - through a mask with a respiratory bag, more than 20 I/min — both invasive and non-invasive ventilation.

Mean +SD or median and interquartile range (QI - Qlll) are given. Analysis of variance or non-parametric Kruskal-Wallis test was used to compare groups, and
post hoc comparison was performed using Dunn's test. For qualitative characteristics, the chi-square test was used, the posterior comparison was carried out

taking into account the Bonferroni correction:

1 - the difference from the retinal changes group is not statistically significant, p < 0.05;
2 - the difference from the significant retinal changes group is statistically significant, p < 0.05;
3 - the difference from the Insignificant retinal changes group is statistically significant, p < 0.05



respiratory distress syndrome, treatment with artifi-
cial lung ventilation. Group 2 (26 patients) included
patients with a severe course of COVID-19, with signs
of severe pneumonia, plus one of the following: respi-
ratory rate > 30 breaths/min; severe respiratory dis-
tress; or SpO2 < 90%, no artificial ventilation was used.
Group 3 (30 patients) — patients with moderate severity
of COVID-19, without signs of severe pneumonia, SpO2
>90 %, with decompensated concomitant pathology.
Group 4 (27 patients) included patients with moderate
severity of COVID-19 without signs of severe pneumonia,
Sp02 = 90%, with concomitant pathology in a state of
compensation. Vital signs and blood oxygen saturation
levels were monitored in patients from the moment of
admission to the hospital until the moment of their dis-
charge or death.

In patients with COVID-19, concomitant pathology
was detected: hypertension (HD) of various degrees — 36
(9.8 %), diabetes mellitus (DM) type 1 or 2 - 15 (4.1 %).

Laboratory studies were performed at the laboratory of
the Volyn Regional Clinical Hospital at the time of hospi-
talization of the patients.

Fundus image registration was carried out with por-
table fundus cameras Pictor Plus Fundus Camera, Volk
Optical and VistaView, Volk Optical. The following retinal
changes were diagnosed: cotton wool spots, narrowed
retinal vessels, vitreous hemorrhage, intraretinal and pe-
techial hemorrhages, prethrombosis of the central retinal
vein or branches of the central retinal vein, thrombosis
of the central retinal vein or branches of the central reti-
nal vein, tortuosity and dilatation of the retinal venules.
Clinically significant retinal and ophthalmological chan-
ges included changes accompanied by a decrease in vi-
sual acuity: vitreous hemorrhage, prethrombosis of the
central retinal vein or branch of the central retinal vein,
thrombosis of the central retinal vein or branch of the
central retinal vein. Clinically insignificant (asympto-
matic) changes included changes that were not accom-
panied by a decrease in visual acuity: cotton wool spots,
narrowed retinal vessels, intraretinal and petechial he-
morrhages, tortuosity and dilatation of retinal venules.

While examining patients, the content of leukocytes,
lymphocytes, erythrocytes, and platelets in the blood,
fasting glucose level, hemoglobin level, C-reactive pro-

tein level, International Normalized Ratio (INR), procalci-
tonin level, D-dimer level were determined. Diastolic and
systolic blood pressure, blood saturation level, lung pa-
renchyma lesion area were also determined.

After conducting all the laboratory and instrumen-
tal studies, the relationship between the expressive-
ness of metabolic changes, the severity of the course of
COVID-19 and the presence and structure of retinal and
ophthalmological changes in patients were evaluated.

When conducting the analysis for quantitative indica-
tors, their distribution was checked for normality (Sha-
piro-Wilk test). In the case of a normal distribution, the
mean (X) and standard deviation (£SD) were calculated,
and for a non-normal distribution, the median (Me) and
interquartile range (Ql - Qlll) were calculated. For quali-
tative indicators, the frequency (%) and, if necessary,
the 95% probability interval (95% Cl) were calculated.
The Mann-Whitney test was used to compare the mean
values in the two groups for quantitative indicators. To
compare mean values in more than two groups for quan-
titative indicators in the case of a normal distribution law,
the criterion of variance analysis was used, and in the
case of a non-normal distribution law, the Kruskal-Wallis
test was used. The chi-square test was used to compare
qualitative indicators, and the Bonferroni correction was
used when comparing more than two groups.

Methods of constructing and analyzing logistic regres-
sion models were used to quantitatively assess the re-
lationship between factor characteristics and the risk of
clinically significant retinal changes. The influence of fac-
tor characteristics was assessed by the value of the odds
ratio (OR), for which 95% Cl was calculated. Adequacy
of the models was assessed by the area under the ROC
curve of the model and its 95 % CI.

Calculations were performed for a two-sided critical
region, the critical level of significance was taken equal
to 0.05.

RESULTS

As a result of the conducted studies, in 8 (17.0 %) cases,
clinically significant COVID-induced retinal and ophthal-
mological changes, which caused a decrease in visual

Figure 1. (A) Vitreous hemorrhage, (B) Prethrombosis of the central retinal vein or branch of the central retinal vein, (C) Thrombosis of the central retinal
vein or branch of the central retinal vein



acuity, were observed. Funduscopy revealed: vitreous
hemorrhage (Figure 1A), prethrombosis of the central
retinal vein or branch of the central retinal vein (Figure
1B), thrombosis of the central retinal vein or branch of
the central retinal vein (Figure 1C).

Clinically insignificant changes were detected in 39
cases (83.0%), namely: cotton wool spots (Figure 2A),
narrowed retinal vessels (Figure 2B), intraretinal and pe-

techial hemorrhages (Figure 2C), tortuosity and dilata-
tion of retinal venules (Figure 2D).

Further, the peculiarities of metabolic changes in pa-
tients with the presence and absence of retinal changes,
and in the presence of significant and insignificant reti-
nal changes were investigated. It was found that in pa-
tients with retinal changes, the content of lymphocytes
was statistically significantly lower by 30.8 %, the level of

Figure 2. (A) Cotton wool spots, (B) Narrowed retinal vessels, (C) Intraretinal and petechial hemorr-
hages, (D) Tortuosity and dilatation of retinal venules

Table 2. Distribution of the presence of retinal changes in patients with COVID-19, depending on metabolic changes

Indicator

] With retinal changes
changes

The level of significance of the
difference between groups, p

Age, years 62 (53.5-69)
Leukocytes level, amount *10YI 6.85 (5.1-12.5)
Lymphocytes level, % 1.3 (0.9-1.6)

Erythrocyte level, amount *10'%I 4.615 (4.4-4.895)
135.5 (127.5-147.5)
2 (146-243.5)
33.845 (15.44-89.5)
1.14 (1.07-1.3)
0.225 (0.09-0.665)
0.5 (0.285-1.115)

8.04 (6.335-9.725)

Hemoglobin level, g/I

Platelet level, amount *10'%|
C-reactive protein level, mg/ml
INR, Un

Procalcitonin level, ng/ml
D-dimer level, ug/ml

Fasting blood glucose level, mmol/ml

Damage to the lung parenchyma, % 41 (36-54.5)
Blood saturation level, % 94 (89.5-96)
Systolic blood pressure, mmHg 130 (127.5-140)
Diastolic blood pressure, mmHg 80 (80-90)

Notes: comparisons were made using the Mann-Whitney test

63 (58.75-69.25) 0.416
7.2 (5.675-10.95) 0.611
0.9 (0.6-1.3) 0.003
4.6 (4.2-5.16) 0.726
142 (128.75-150.5) 0.182
198 (148.25-251) 0.643
57.16 (16.22-109.74) 0.586
1.2 (1-1.35) 0.98
0.17 (0.0275-0.605) 0.225
0.87 (0.298-2.175) 0.145
6.62 (5.373-10.095) 0.047
62 (42.25-68.75) 0.004
94 (86-94.25) 0.167
130 (123.75-140) 0.729
80 (80-90) 0.457



glucose in the blood was lower by 17.6 %, and the area
of lesions of the lung parenchyma was larger by 51.2%
according to computer tomography data. Differences in
other studied indicators, including D-dimer, were not sta-
tistically significant (Table 2, Graphs 1-3).

Regarding clinically significant and clinically insignifi-
cant retinal changes: clinically significant retinal chang-
es occur in patients with a statistically significantly high-
er level of D-dimer and a greater percentage of lung
parenchymal lesions, than in the group of patients with
clinically insignificant retinal changes (Table 3, Graphs
4-5).

It should be noted that the observation groups of pa-
tients without retinal changes, with significant and insig-
nificant retinal changes did not statistically significantly
differ from each other in the presence of concomitant pa-
thology, namely hypertension (0.479), diabetes mellitus

B Lung damage, %, patients without retinal chanses

B Lung damage, %, patients with retinal chanpes

Lung damage, M

Graph 1. The percentage of lung parenchyma damage in the group of
patients without retinal changes and with retinal changes. Median va-
lue, first and third quartile values, minimum and maximum values are
indicated

B i=velaf lymphocytes, %, patients without retinal changes

B Le=vel of ymphooytes, %, patients with retinal changes

Lewel of lgmphacytes, %

Graph 3. The level of lymphocytes in the blood of patients in the group
of patients without retinal changes and in the presence of retinal chan-
ges. Median value, first and third quartile values, minimum and maxi-
mum values are indicated

type 1 and 2 (0.260). It was also established that patients
with an extremely severe course of COVID-19 (Group 1)
had more significant and non-significant retinal changes
compared to other groups; the statement is statistically
reliable (p < 0.001). Groups 2-4 of the clinical course of
COVID-19 (Table 1) did not differ in the presence of reti-
nal changes (p > 0.5).

To predict the course of COVID-19 and the occurrence
of possible complications, an analysis of the relationship
of the risk of the occurrence of clinically significant ret-
inal changes for each factor characteristic of metabolic
changes in patients with COVID-19 was performed (Table
4). At the same time, the method of building univariate
logistic regression models was used.

Univariateanalysisrevealedanincrease (p=0.025)inthe
risk of clinically significant retinal changes in patients with
COVID-19 with patient age, OR=1.10 (95% CI 1.01-1.20)

H == sting blood glucose level, mmalfl, patients withowt retinal changes

B Fasting bload glucese kevel, mmal/fl, patients with retinal changes

(M Lk
=] n

(5,
L

Pl

Fasting bload glucose kvel, mmal/l
.

n

Graph 2. Fasting blood glucose level in patients in the group of patients
without retinal changes and with retinal changes. Median value, first
and third quartile values, minimum and maximum values are indicated

B o-dimer level in patients with clinically insignificant retinal changes

B -dimer leval in patients with cliniclly sgnificant retinal changas

D-dimer kevel
u

1
05

Graph 4. D-dimer level in the group of patients without clinically signi-
ficant retinal changes and in the presence of clinically significant retinal
changes. Median value, first and third quartile values, minimum and
maximum values are indicated



Table 3. Distribution of presence of clinically significant and clinically insignificant retinal changes in patients with COVID-19, depending on metabolic

changes
_ There are clinically insignificant There are clinically signiﬁcant
retinal changes (n=109) retinal changes (n=8) of the difference, p

Age, years 63 (56-69) 66.5 (60.5-76) 0.124
Leukocytes level, amount *109I 7 (5.3-12.225) 8.95 (5.6—-10.65) 0.654
Lymphocytes level, % 1.1 (0.775-1.4) 1.4 (0.8-1.8) 0.338
Erythrocyte level, amount *10'%I 4.6 (4.235-4.943) 5.015 (4.425-5.345) 0.165
Hemoglobin level, g/I 137 (127.75-148) 146 (137-153.5) 0.193
Platelet level, amount *10%%I 203 (148.25-244.25) 170.5 (13.5-255) 0.397
C-reactive protein level, mg/ml 33.42 (15.99-93.72) 81.01 (20.01-143.985) 0.288
INR, Un 1.14 (1.07-1.3) 1.2 (1.035-1.595) 0.52
Procalcitonin level, ng/ml 0.22 (0.07-0.688) 0.085 (0.07—0.385) 0.356
D-dimer level, ug/ml 0.54 (0.28-1.14) 2.705 (1.495-3.83) <0.001
Fasting blood glucose level, mmol/ml 7.18 (6.8-9.715) 7.27 (6.53-9.43) 0.854
Damage to the lung parenchyma, % 45 (36-62) 68 (55.5-72) 0.004
Blood saturation level, % 94 (88-96) 90.5 (82-97.5) 0.661
Systolic blood pressure, mmHg 130 (125-140) 130 (130-14) 0.322
Diastolic blood pressure, mmHg 80 (80-90) 80 (80-90) 0.883

Notes: comparisons were made using the Mann-Whitney test

Table 4. Distribution of coefficients of univariate logistic regression models for predicting the risk of clinically significant retinal changes

The value of the | The level of significance of Odds ratio
coefficient of the | the difference of the model indicator,
model, b tm coefficient from 0.5 p OR (95 CI)
F Reference
Sex
M 0.28 £0.73 0.706 =
Leukocytes level, amount *10%/I 0.096 +0.043 0.025 1.10(1.01-1.20)
Lymphocytes level, % 0.037 +£0.067 0.583 -
Erythrocyte level, amount *10'%/I 0.42 £0.55 0.446 -
Hemoglobin level, g/l 0.40 £0.44 0.360 -
Platelet level, amount *10'%/I 0.025 +0.021 0.224 -
C-reactive protein level, mg/ml -0.003 +£0.004 0.440 -
INR, Un 0.003 +0.004 0.506 =
Procalcitonin level, ng/ml 0.45 £0.62 0.464 -
D-dimer level, pg/ml -0.76 £0.91 0.406 -
Fasting blood glucose level, mmol/ml 1.12 £0.32 <0.001 3.1(1.7-5.8)
Damage to the lung parenchyma, % -0.018 +0.077 0.816 -
Blood saturation level, % 0.084 +0.032 0.010 1.09 (1.02-1.16)
Systolic blood pressure, mmHg -0.034 +0.042 0.416 -
Diastolic blood pressure, mmHg 0.010 £0.023 0.669 =
Leukocytes level, amount *10%/I 0.008 +£0.042 0.838 -
No Reference
HD
Yes -1.20 £1.09 0.271 -
No Reference
DM 1 or 2 type
Yes 0.90 £0.87 0.300 —

HD - hypertension
DM - diabetes mellitus




for each year. All patients with clinically significant retinal
changes were older than 60 years.

Anincrease (p < 0.001) in the risk of clinically significant
retinal changes with anincrease in D-dimer level was also
found, OR = 3.1 (9 % Cl 1.7-5.8) per unit of measurement
(mcg/ml). Graph 6 shows the operating characteristics
curve of this model.

AUC1 model operating characteristics curve =0.90 (95 %
C10.83-0.95), indicating a strong association of risk of clini-
cally significant retinal changes in patients with COVID-19
with D-dimer levels. When choosing the optimal (accord-
ing to the Youden Index) critical level of Ycrit >1.2 mea-
surement units (ug/ml), the sensitivity of the model is
100% (95 % C1 63.1 %-100 %), the specificity is 79.8 % (95 %
Cl71.1%-86.9%). All patients with clinically significant re-
tinal changes had a D-dimer level >1.2 ug/ml.

In addition, there was also an increase (p = 0.010)
in the risk of clinically significant retinal changes with

|

Graph 5.The area of lung parenchyma damage in the group of patients
without clinically significant retinal changes and in the presence of cli-
nically significant retinal changes. Median value, first and third quartile
values, minimum and maximum values are indicated

100 Sensitivity: 100
Specificity: 79.8
Criterion: > 1.2
80
= 60
E
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“ 40
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Graph 6. ROC curve for predicting the risk of clinically significant retinal
changes by D-dimer level

an increase in the degree of lung parenchymal damage
in patients with COVID-19, OR = 1.09 (95% Cl 1.02-1.16)
for each the percentage of growth of the lung parenchyma
lesion area. Graph 7 shows the operational characteristics
curve of this model.

The area under the curve of the operational character-
istics of the model AUC2 =0.81 (95 % Cl 0.73-0.88), which
indicates a strong relationship between the risk of clinical-
ly significant retinal changes and the degree of lung pa-
renchymal damage. When choosing the optimal (accord-
ing to the Youden Index) critical level of Ycrit > 63 %, the
sensitivity of the model is 75% (95 % Cl 34.9%-96.8 %),
the specificity is 80.4% (95% Cl 71.6%-87.4%). All pa-
tients with clinically significant retinal changes had lung
parenchymal lesion area > 63 %.

DISCUSSION

So, today, the pathogenesis of COVID-19 in general has
the characteristic features of an acute respiratory infection,
with the involvement of all organs and systems of the hu-
man body in the process of moderately severe, severe and
extremely severe course. As a result, the inflammatory pro-
cess acquires a systemic character, which is included in the
concept of “systemic inflammatory response syndrome”.
As a result, we can single out a list of metabolic changes
specific to this disease: a shift towards hypercoagulation
due to increased levels of D-dimer, fibrinogen, C-reactive
protein, procalcitonin, ferritin, erythrocyte sedimentation
rate (ESR), the number of platelets and have a prognosti-
cally reliable connection with increased the risk of throm-
botic complications in COVID-19 [26,27,32].

The most interesting, in context of thromboembolic
complications, is the level of D-dimer. The pathophysio-
logical chain of D-dimer formation is as follows: the fibri-
nolytic system splits the fibrin mesh after the formation of
a thrombus; D-dimer, which consists of two D-fragments
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of fibrin, is formed as a result of activation of the plasmin
enzyme. This indicates the presence of destroyed fibrin
in the blood, that is, D-dimer reflects the activation of the
coagulation and fibrinolysis systems [33].

Considering D-dimer as a marker of thromboembolic
complications in COVID-19, we have the following data:
excessive inflammation (cytokine storm, activation of
vascular endothelium and macrophages), diffuse intra-
vascular coagulation, immobilization, hypoxia due to
excessive lung damage in COVID-19 can lead to massive
thromboembolic complications [33]. Published data,
concerning coagulopathy in COVID-19, showed an in-
crease in the level of D-dimer, lactate dehydrogenase,
slight or no changes in prothrombin and thromboplastin
time, as well as an increase in the level of antiphospholip-
id antibodies [34-371].

Analyzing the general connection of D-dimer level
with ophthalmic pathology in general, we can note the
following correlations: the level of D-dimer is statistically
significantly higher in patients with proliferative diabetic
retinopathy than in patients with non-proliferative dia-
betic retinopathy [38,39]. Also, a statistically higher level
of D-dimer was found in patients with leukemic retinopa-
thy compared to the control group [40].

Taking into account all the above facts, we can conclude
that today this infectious disease is one of the most com-
mon triggers of vascular symptomatic or asymptomatic
changes in all organs and systems of the human body. The
organ of vision is not an exception and is included in the
cohort of extrapulmonary manifestations of COVID-19.

In order to investigate the occurrence of retinal chan-
ges in COVID-19, we delved into the details of how the
COVID-19 virus enters the cells of the retina and have the
following information: through interaction with Angio-
tensin-converting enzyme (ACE) receptors, the COVID-19
virus enters the cells of the human body [41], and retinal
cells, in particular, due to simultaneous interaction with
ACE and cluster of differentiation (CD) 147/basigin recep-
tors [42]. Also, there are data on the presence of cellular
receptors in the retina (Muller cells, ganglion cells, pig-
ment epithelium, retinal microvessels) for various parts
of the renin-angiotensin system (ACE, ACE2, prorenin
and angiotensinogen receptors) [42]. In particular, there
are also data on the presence of ACE/ACE2 receptors
in organelles of pigment epithelium cells and ganglion
cells of the retina (in laboratory, culture of human retinal
organoids was obtained from induced pluripotent stem
cells) which, under in vitro conditions, were susceptible
to infection with the COVID-19 pseudovirus [43]. There
is an interesting fact that the expression of ACE/ACE2
increases from the cornea to the retina, and, at the mo-
ment, it is beginning to be considered as another way of
spreading the virus into the deep structures of the retina,
optic nerve, and optic pathway [44]. Recent data show
that both ACE-2 and Transmembrane protease, serine
2 (TMPRSS2) are highly expressed in the human retina.
A recent case series of 3 patients detected the S and N
proteins of COVID-19 by immunofluorescence micros-

copy in retinal vascular endothelial cells, presumably
containing viral particles [45]. Perhaps this tropism of
the virus to retinal cells explains the presence of retinal
changes in patients with COVID-19.

The analysis of existing data indicates the existence of
contradictions in the views on the correlation between
the COVID-19 induced metabolic changes and the pres-
ence and/or expressiveness of retinal changes. Thus, Sen
S,etal.andUng L etal. note that intraretinal and petechial
hemorrhages and cotton wool spots occur with elevated
levels of fibrinogen, C-reactive protein, ferritin, and D-di-
mer [15]. There are also data on the detection of flame-
shaped intraretinal and dot and blot microhemorrhages
(in combination with an elevated level of D-dimer), nerve
fiber layer infarcts and microhemorrhages in the papillo-
macular bundle in patients with COVID-19 [46].

It was also established that cotton wool spots occur at
a D-dimer level higher than 385 mg/dL—1 in 22% of the
examined patients, and these results were put forward as
a hypothesis that COVID-19 is a systemic vascular disease
[13,47].

A case of bilateral thrombosis of the central retinal vein
with elevated levels of D-dimer and C-reactive protein
secondary to COVID-19 was also described [48]. Ven-
katesh R, Reddy NG, Agrawal S, Pereira A. describe a case
of COVID-19-associated central retinal vein thrombosis
with elevated D-dimer and ESR [49]. Also, there is an in-
teresting case of suspected bilateral central retinal vein
thrombosis in a patient with COVID-19; the patient had
dilated retinal veins, epiretinal hemorrhages (in particu-
lar, one in the macular area) and elevated levels of D-di-
mer and C-reactive protein [50], which once again proves
the importance of ophthalmological examinations of pa-
tients with COVID-19, in order to timely suspect and pre-
vent the occurrence of vascular complications. Certain
authors [13,19,21,22], during the laboratory examination
of patients with thrombosis of the central vein of the reti-
na during COVID-19, revealed pronounced rheological
changes due to significantly increased levels of fibrino-
gen, D-dimer, prothrombin time.

It should be noted that both veins and arteries can ex-
perience thromboembolic complications in COVID-19
[33], which is illustrated by the following case of central
retinal artery embolism in a patient with COVID-19 with
elevated levels of D-dimer, C-reactive protein, and fibrino-
gen [51]. A group of authors describe cases of central
retinal artery embolism in the above-mentioned infec-
tious disease, while laboratory tests showed elevated
levels of ferritin, D-dimer, procalcitonin, interleukin-6,
C-reactive protein, and fibrinogen [13,18].

Also noteworthy is the case of paracentral acute macu-
lopathy associated with COVID-19 and elevated D-dimer
levels [52].

In our study, we focused our attention on the correlation
of retinal changes with metabolic changes in COVID-19.
We described for the first time the dependence of retinal
changes, both in general, and divided into clinically signifi-
cant and clinically insignificant, on various parameters



of metabolic changes in the aforementioned infectious
disease. During our study, we obtained the following data:
retinal changes were noted in patients with statistically
significantly lower levels of lymphocytes and blood glu-
cose levels, as well as a higher percentage of lung paren-
chymal lesions than in those in whom these changes were
not found. Regarding clinically significant and clinically
insignificant retinal changes: clinically significant retinal
changes occurred in patients with statistically significantly
higher D-dimer levels and a greater percentage of lung pa-
renchymal involvement than in the group of patients with
clinically insignificant retinal changes.

In our studies, univariate analysis revealed an increase
in the risk of clinically significant retinal changes in pa-
tients with COVID-19 with the age of the patients, an in-
crease in the level of D-dimer and the degree of damage
to the lung parenchyma. These indicators are statistically
significant: p<0.05. As you know, vascular changes are
the first to occur among the microcirculatory vessels,
which are the vessels of the retina. So, taking this into ac-
count, it is possible to predict the presence of not only
retinal vascular changes in certain metabolic shifts, but
also their systemic nature in COVID-19.

In contrast, there are also reports of COVID-19-asso-
ciated neuroretinopathy [24] and COVID-19-associated
maculopathy [24,25], which were not accompanied by
any changes in laboratory tests. Certain authors did not
find any laboratory abnormalities during the laboratory
examination of patients with thrombosis of the central
retinal vein during COVID-19 [20,23].

With regard to the correlation of the presence and varie-
ty of retinal changes with the area of lung parenchyma
damage, we did not find any data on such a relationship
when we reviewed the literature. In turn, in our study,
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SUMMARY

Retinoblastoma is the most common primary malignant intraocular tumor in children. Seeding, specifically the dispersion of the tumor into the
adjacent compartments, represents a major parameter determining the degree of retinoblastoma according to the International Classification
of Retinoblastoma. In this article we focused on vitreous seeding, one of the main limiting factors in the successful “eye preservation treatment”
of retinoblastoma. This article presents an overview of the history of vitreous seeding of retinoblastoma, established treatment procedures and
new-research modalities. The introduction of systemic chemotherapy in the treatment of retinoblastoma at the end of the 1990s represented
a significant breakthrough, which enabled the progressive abandonment of radiotherapy with its attendant side effects. However, the attained
concentrations of chemotherapeutics in the vitreous space during systemic chemotherapy are not sufficient for the treatment of vitreous seeding,
and the toxic effects of systemic chemotherapy are not negligible. A significant change came with the advent of chemotherapy in situ, with the
targeted administration of chemotherapeutic drugs, namely intra-arterial and intravitreal injections, contributing to the definitive eradication of
external radiotherapy and a reduction of systemic chemotherapy. Although vitreous seeding remains the most common reason for the failure of
intra-arterial chemotherapy, this technique has significantly influenced the original treatment regimen of children with retinoblastoma. However,
intravitreal chemotherapy has made the greatest contribution to increasing the probability of preservation of the eyeball and visual functions in
patients with advanced findings. Novel local drug delivery modalities, gene therapy, oncolytic viruses and immunotherapy from several ongoing
preclinical and clinical trials may represent promising approaches in the treatment of vitreous retinoblastoma seeding, though no clinical trials have
yet been completed for routine use.

Key words: retinoblastoma, vitreous seeding, eye preservation treatment, intravitreal chemotherapy
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INTRODUCTION

age. These patients have a mutated Rb1 gene only in the
tumor tissue [3]. The growth of Rb begins with a small, se-

Retinoblastoma (Rb) is the most common malignant
intraocular tumor in childhood age, with an incidence of
1in 13844 born children in European countries [1], while
in the Czech Repubilic it is diagnosed on average in 6 to 7
children annually [2]. According to heredity, the pathology
is divided into two forms. Hereditary Rb (approximately
40% of cases), characterized by embryonic mutation of the
retinoblastoma (Rb1) gene, is usually diagnosed in chil-
dren at around the age of one year, and the finding may
be either bilateral or multifocal, though in 10-15% of ca-
ses is only unilateral. The non-hereditary form of Rb most-
ly afflicts only one eyeball, forms one lesion, and appears
more frequently in older children between 1 and 3 years of

mi-transparent lesion in the sensory part of the retina, after
which it progressively takes on a whitish coloring, and a
dilated afferent and efferent vessel appears. Upon further
growth the tumor leaves the retina, and an exophytic or
endophytic image of growth may occur. A very rare form
of Rb is diffuse growth of Rb [4,5]. Localized intraocular Rb
is divided into groups A to E based on the advanced st-
age of the pathology according to the ICRB (International
Classification of Retinoblastoma), which helps determine
the probability of preserving the eyeball, as well as of pre-
serving visual functions [2,6], Table 1. Rb seeding consti-
tutes the dispersion of tumor particles into the adjacent
compartments, and is the main parameter for determining



the degree of Rb according to the ICRB (groups C, D and E).
Seeding of intraocular Rb may occur into 4 different anato-
mical localities (Table 2) [7].

In this article we have focused on vitreous seeding. On
the basis of morphology, vitreous seeding is divided into
3 groups: dust (Fig. 1), spheres (Fig. 2) and clouds (Fig. 3)
[7,8]. These three types differ not only in their morpho-
logy, but also in their response to treatment [8]. Vitreous
seeding is one of the main limiting factors in the success-
ful “eye-preservation treatment” of retinoblastoma.

THERAPY FOR VITREOUS SEEDING

History

Historically the first recorded treatment of Rb was enuc-
leation of the eyeball. This therapy was proposed a life-pre-
serving procedure by James Wardrop in 1809 [9]. AlImost
one hundred years later this was followed by external radio-
therapy, which represented the first possibility of eye-pre-
servation treatment, thanks to Hilgartner’s demonstration of
the radiosensitivity of Rb in 1903 [10]. However, in addition
to ocular complications (cataract, irradiation retinopathy, vi-
treous hemorrhage, glaucoma), external radiotherapy also
increases the later effects of the pathology, which are local
effects in connection with orbital growth defect, endocri-
nopathy, secondary brain tumors, post-radiation sarcomas,
and in the case of hereditary retinoblastoma the procedure
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Figure 1. Classification of vitreous seeds: dust

Table 2. Four distinct anatomic sites of intra-ocular
retinoblastoma [7]

1 tumor dispersion into the vitreous gel following endo-

above all increases the risk of secondary malignancies [9].
In recent decades, conservative therapy of retinoblastoma
has experienced rapid development. The introduction of

phytic disruption of ILM and hyaloid at tumor apex

tumor suspension spreading into the retro-hyaloidal
space secondary to endophytic disruption of the ILM

2. . .
systemic chemotherapy (the currently used protocol of six at tumor base alone, and partial or complete posteri-
cycles of VEC - Vincristine, Etoposide, Carboplatin) and focal or vitreous detachment
therapy (cryotherapy, transpupillary thermotherapy and 3. tumor suspension into the subretinal space created

by exophytic growth

brachytherapy) at the end of the 1990s enabled the progre-
ssive abandonment of external radiotherapy. The risks of
systemic chemotherapy include the onset of secondary le-
ukemias and myelodysplastic syndrome potentiated by eto-

tumor suspension into the aqueous fluid of the pos-
4, terior and anterior chambers secondary to disrupti-
on of the anterior hyaloid

ILM - internal limiting membrane

Table 1. International Classification of Retinoblastoma (ICRB) [6]

Group Quick reference Specific features

A Small tumor Rb <3 mm in size

L@ el Rb > 3mm in size or
Macula

B Macular Rb location (< 3 mm to foveola) Juxtapapillary Rb location (< 1.5 mm to disc)

Juxtapapillary ) _ ‘
ulsezieal Tl Clear subretinal fluid (< 3 mm from margin)

Subretinal seeds < 3 mm from Rb
Vitreous seeds < 3 mm from Rb
Both subretinal and vitreous seeds < 3 mm from Rb

C Focal seeds

Subretinal seeds > 3 mm from Rb
Vitreous seeds > 3 mm from Rb
Both subretinal and vitreous seeds > 3 mm from Rb

D Diffuse seeds

Extensive Rb occupying > 50% of globe or

Neovascular glaucoma

Opaque media from hemorrhage in anterior chamber, vitreous, or subretinal space
Invasion of postlaminar optic nerve, choroid (> 2 mm), sclera, orbit, anterior chamber

E Extensive Rb

Rb - Retinoblastoma



Figure 2. Classification of vitreous seeds: spheres

poside [11,12], as well as loss of hearing caused by ototoxic
carboplatin [13]. However, the attained concentrations of
chemotherapeutics are not sufficient for the treatment of
vitreous seeding. A significant change occurred 10 years la-
ter, when the advent of chemotherapy in situ with targeted
administration of chemotherapeutics by means of intra-ar-
terial, intravitreal and most recently also intracameral injec-
tion, significantly increased the probability of preserving
the eyeball and visual functions, and thereby contributed
to the definitive eradication of external radiotherapy and a
reduction of systemic chemotherapy [10].

Super-selective intra-arterial chemotherapy
(Ophthalmic artery chemosurgery)

Intra-arterial chemotherapy may also be effective in the
treatment of vitreous seeding. However, this therapy is not
available in all centers, since it represents a complicated
method, requiring an experienced, specialized radiologi-
cal team [14,15]. Although vitreous seeding remains the
most common reason for failure of OAC (ophthalmic artery
chemosurgery), this technique has had a marked influence
on the original therapeutic schema of children with reti-
noblastoma. A two-year study conducted by Abramson et
al. determined an 83% probability of preservation for eyes
with seeding treated by OAC for eyes without any previous
treatment, and a 76% probability of preservation for eyes in
which treatment by a conventional method had failed [16].
The first attempts to administer an intra-arterial injection in
the therapy of Rb were described by Reese et al.in 1958, and
subsequently by Kiribuchi, with administration of a triethy-
lenmelamine infusion into the arteria (a) carotis and 5-fluo-
rouracil into the a. frontalis and a. supraorbitalis [17]. Selecti-
ve intra-arterial therapy has been used in Japan since 1988,
and despite several years of experience with a number of

Figure 3. Classification of vitreous seeds: clouds

patients exceeding 400, was not expanded to other centers
[18,19]. The modern era of OAC began after the introdu-
ction of the new technique in 2006 at the Memorial Sloan-
-Kettering Cancer Center by Abramson and Gobin [20], who
described a modified method of super-selective intra-arte-
rial application directly into the arteria ophthalmica (OA), in
contrast with the selective intra-arterial application of their
Japanese colleagues, in which the infusion of the cytostatic
was applied into the a. carotis interna with temporary ballo-
on occlusion of the a. carotis interna (ICA) distally from the
OA. The modification according to the American authors
is used in retinoblastoma centers to this day. The limit for
performance of the procedure is a minimum weight of the
child of 6 kg, and a minimum age of 3 months [16]. The
procedure is performed under general anesthesia. Cannu-
lation of the a. femoralis is performed, and anticoagulation
therapy is administered with Heparin 75IU/kg [21]. A special
microcatheter with a diameter of 450 um is fed through the
femoral artery into the ipsilateral ICA and OA, the cytostatic
is then applied directly into the OA by infusion for a period
of 30 minutes. If a number of chemotherapeutics are admi-
nistered, a Melphalan infusion is always applied first of all. A
limitation of this method may be represented by vascular
anomaly, anomaly of spacing of the OA, upon which it is
not possible to complete OAC successfully. In rare cases it is
not possible to cannulate the OA via the ICA, which may be
caused by previous injury to the ostia of the OA, or by small
size or anatomical abnormalities; for these cases authors
have published the method of cannulation of the a. carotis
externa [16].

The chemotherapeutics (CHT) used are melphalan, to-
potecan and carboplatin, used either in monotherapy or
in combination [22]. The most commonly applied is the
alkylating cytostatic melphalan, the use of which in pedia-



tric oncology is limited by its severe toxic effects, primarily
bone marrow suppression [23]. Munier et al. state a do-
sage of melphalan of 0.35 mg/kg, not exceeding a dose of
7.5 mg, on average 3 injections at 3-weekly intervals [17].
Another cytostatic, which is administered rather in com-
bination with melphalan, is topotecan, which is ranked
among topoisomerase | inhibitors. A clinical trial on intra-
-arterial therapy in patients with Rb using combined tre-
atment of melphalan 0.5 mg/kg and topotecan 0.5-1 mg
demonstrated a good synergic effect without an increase
of hematological toxicity in comparison with monothera-
py by melphalan [24]. Carboplatin is classed among platin
derivates, and its use in the form of OAC has been connec-
ted with an observation of thinning of the retinal vessels,
since pharmaceuticals on a platin base have a sclerotizing
effect [21]. Abramson et al. stipulated the following initial
doses of cytostatic agents for their patients: melphalan 0.4
mg/kg, topotecan 0.2-4 mg and 50 mg of carboplatin [25].

After the procedure we may observe transient eyelid ede-
ma [26], hyperemia and chemosis of the conjunctivae [20],
or forehead hyperemia, and madarosis [25,26]. Temporary
changesin the region of the orbit and ocular adnexa, such as
eyelids edema, ptosis, congested orbit with temporary dys-
function of the extraocular muscles, have been described by
Shields et al. These complications subsided within the range
of 2 to 6 months, in which the longest persisting condition
was blepharoptosis, for 4 to 6 months [21]. Several cases
of stenosis of the OA, occlusion of the central retinal arte-
ry or occlusion of a branch of the retinal artery have been
published; however, this depends on the experience of the
attending team [17,21,25]. Several authors have described
atrophy of the choroid, diffuse or sectoral [17,21]. Abramson
et al. also recorded the following in their patients: vitreous
hemorrhage, optic nerve swelling, suprachoroidal hemorr-
hage and in a number of cases also phthisis of the eyeball
[25]. Hypotension, bradycardia and bronchospasm were re-
corded during the procedure in certain cases [25,27], in very
rare cases central strokes have been published [28]. In some
patients transient cytopenia (neutropenia/thrombocyto-
penia) has developed, in the majority of cases without the
necessity of hospitalization or the administration of transfu-
sion preparations [20,21,25,26].

Intravitreal chemotherapy

Intravitreal chemotherapy (IViC) represents a fundamen-
tal breakthrough in the treatment of eyes with vitreous see-
ding. The first mentions of the use of intravitreal therapy for
Rb appeared in 1960, when Ericson and Rosengren used the
alkylating cytostatic thiotepa. However, the pioneer of the
concept not only of intravitreal but also intra-arterial chemo-
therapy with the use of melphalan was the Japanese ophthal-
mologist Akihiro Kaneko [29]. In 2012 a study on the intravit-
real application of melphalan was published by Munier et al.,
supporting the IViC method as a promising therapeutic tech-
nique in which preservation of the eyeball was attained in
87% of eyes with active recurrent or persistent seeding, and
in 81% of eyes with active vitreous seeding primarily planned
for enucleation in order to control the tumor [30]. Munier et

al. defined the method of safe application of an intravitreal
injection for Rb, in which procedures are used for preventing
the extraocular spreading of tumor cells along the channel
of injection [31]. This method was subsequently established
also in further specialized retinoblastoma centers. It is impor-
tant to ensure strict adherence to the indication criteria, in-
cluding examination of the pars plana region by ultrasound
biomicroscopy: 1. transparent optic media, 2. absence of in-
vasion of the tumor into the anterior or posterior chamber,
3. absence of a tumor in the place of injection, 4. absence of
vitreous seeding in the place of injection, 5. absence of retinal
detachment in the place of application. The procedure is al-
ways performed under general anesthesia, in mydriasis and
under a surgical microscope. In order to prevent reflux, transi-
ent hypotonia of the eyeball is performed by paracentesis of
the anterior chamber with a 25G incision on the corneal lim-
bus, without perforation of the Descemet’s membrane. A 32G
needle on a tuberculin syringe is subsequently guided tan-
gentially to the periphery of the anterior chamber in parallel
with the iris, and a sample of intraocular fluid with a volume of
0.1-0.15 ml is aspirated (depending on the planned quantity
of applied chemotherapeutic), which we then send for cyto-
pathological examination. We subsequently apply an intravi-
treal injection in the place of planned application 2.5-3.5 mm
from the limbus, depending on the age of the patient using
a 32G needle on a tuberculin syringe, perpendicular through
the conjunctiva and sclera until with reach the vitreous cavi-
ty. We inject the contents of the syringe as a bolus within 5's,
with visualization of the end of the needle by microscope. In
order to prevent the spread of tumor cells along the injection
channel we use the method of triple freezing without inden-
tation (6 sec. each cycle) during the course of extraction of the
needle. Following the application, we delicately take hold of
the eyeball with conjunctival forceps approximately T mm
from the limbus, and carefully move it around in all directions,
thereby ensuring an even distribution of the pharmaceutical
within the vitreous cavity [31].

The most commonly used chemotherapeutics for IViC are
melphalan and topotecan, frequently in combination [32-
35]. From a practical perspective it is important not to over-
look spontaneous hydrolysis of the cytostatic, since in the
case of melphalan a progressive decrease of activity takes
place one hour after the dilution of the pharmaceutical [36].
All the remainder of the diluted solution must be liquidated.
In order to alleviate the financial costs pharmacists therefore
recommend the storage of an already pre-filled syringe at a
temperature of -20 °C; the stability of a cytostatic thus stored
is as long as 6 months [37]. Intravitreally administered mel-
phalan manifests retinal toxicity, and may commonly lead
to a deterioration or loss of function of the retina [30,32,35].
Melphalan binds well to melanin, and as a result in dark
eyes there is a greater disposition to retinal toxicity and
therefore also a worse ERG (electroretinography) recording,
as well as the finding on the ocular fundus [32,35,38]. In a
study conducted by the authors Francis et al., each injecti-
on of melphalan was associated with a significant decrease
of ERG response, by approximately 5.3-5.8 uV, increased
toxicity was recorded in more pigmented eyes, and upon



administration of intra-arterial chemotherapy at an inter-
val shorter than 1 week from IViC. Retinal toxicity following
IViC with melphalan appears fairly promptly, approximately
within 1 week, after which it is generally stable and there is
no further decrease of ERG amplitude, which also explains
the fact that the interval between individual IViCs does not
play such a role in increasing the toxicity of the retina [35]. A
common side effect is salt and pepper localized retinopathy
in the place of injection (sometimes referred to as melpha-
lan pigment epitheliopathy) [35,39,40]. Here there was also
an assumption that the repeated application of injections
in the same place could lead to an increase of retinal toxici-
ty [35], but this was not confirmed in a study conducted in
2017 [32]. Francis et al. described the toxic effects of intra-
vitreally administered melphalan on the anterior segment
in the form of recess of the iris, cataract, depigmentation
or thinning of the iris and scleromalacia [41]. Reflux of the
vitreous, retinopathy, hemorrhage into the vitreous, endo-
phthalmitis and retinal detachment have also been descri-
bed in connection with the treatment of retinoblastoma by
intravitreal injection [10,42]. Determining the optimal do-
sage of melphalan has been the subject of several publica-
tions. Ghassemi and Shields initially used a melphalan dose
of 8 ug/0.1 ml, in which they documented a rapid regression
of vitreous seeding with minimal side effects; however, re-
currence of seeding occurred. 50 pg of melphalan demon-
strated a fast and long-term effect, but in such a high dose
pronounced complications were recorded, such as cataract,
vitreous hemorrhage, subretinal hemorrhage, severe hypo-
tonia and phtbhisis of the eyeball leading to enucleation. A
dose of 20-30 ug/0.1 ml had a good therapeutic response,
without serious side effects [43]. Shields et al. stipulated as
standard a dose of 20-30 ug/0.1 ml with an average number
of 6 injections [44], which in a further publication they revi-
sed to an average of 4 injections of melphalan and 3 injecti-
ons of topotecan [34]. Munier et al. also inclined towards a
dose of melphalan of 20-30 pg. [30].

In contrast with melphalan, topotecan (TPT) has a longer
intraocular half-life. In vivo experiments on a rabbit model
excluded retinal toxicity following the use of topotecan
[45], even upon the use of higher doses (as high as 50 pg
per week) [46]. Retinal toxicity of TPT was also not confir-
med by the authors of the retrospective study by Nadel-
mann et al., who used a dose of 20-30 pg for patients with
retinoblastoma [47]. Ghassemi et al. examined the effect
of a combination of topotecan and melphalan, and deter-
mined very good effectiveness of this combination upon a
dosage of TPT 20 pg/0.1 ml and 40 pg of melphalan [33].
The German authors Schluter et al. used a dose of 25 pg of
melphalan in combination with 20 ug of TPT, in this case
eye treatment was combined with brachytherapy [40].
Limited data are available about the effect and toxicity of
intravitreally administered carboplatin [48].

The authors of the article recorded a different response
to IViC treatment according to the morphological type of
seeding. A different regression time of the tumor was ob-
served, as well as the number of applied injections, and
the cumulative and average dose of melphalan necessary

for controlling seeding. The dust type manifested a more
rapid regression upon a smaller number of injections and
lower dose of melphalan, while the opposite applied in
the case of the clouds type [8,40]. Classification of see-
ding may therefore help predict the time, number of in-
jections and dose of melphalan leading to total regressi-
on of seeding [11]. Yousef et al. classified the therapeutic
response within 3 types: type 0 (complete suppression),
type | (calcific seeds) and type Il (@amorphous seeds) [49].

Periocular therapy

Several authors have assessed the effects of periocular
application of CHT on an animal model, with the aim of
attaining higher intravitreal concentrations with negligible
systemic absorption and zero systemic side effects [50]. In
contrast with systemic administration of carboplatin, 10 ti-
mes higher concentrations were attained in patients with
Rb through periocular application, with negligible levels of
the cytostatic in the blood [50,51]. A number of scientific
groups have attempted local periocular application of CHT
(carboplatin, topotecan) in various forms, specifically admi-
nistration of CHT in depot gel [52], solid polymer [53-55], a
system of iontophoresis [56], or a miniature catheter placed
on the sclera [51]. However, complete regression of seeding
was attained only rarely, and despite the fact that minimal
systemic toxicity was attained local adverse effects were
frequently recorded, including orbital pseudocellulitis in as
many as 50% of cases, optic atrophy and scarring in the pe-
riorbital region [57]. In our in vivo experiments with topote-
can delivered by episcleral bi-layered hydrogel implant in a
rabbit eye model, these local side effects were not recorded
[54,55]. At the moment of writing, the first phase of a clinical
trial of a new episcleral carrier with topotecan entitled “Che-
moplaque” is under way in Canada [58].

Gene therapy and oncolytic virus therapy

Intravitreal application of a suicide gene - the gene her-
pes thymidine kinase — on an adenovirus carrier, followed
by intravenous ganciclovir therapy, was observed in the
first phase of a clinical trial on patients with bilateral reti-
noblastoma and vitreous seeding not responding to stan-
dard treatment; control of the tumor was achieved in one
out of eight patients [59]. Within the framework of precli-
nical trials, a conditionally replicating oncolytic adenovirus
has been examined by other scientific groups. One of the-
se oncolytic adenoviruses, VCN-01, replicates itself selecti-
vely in tumor cells with a high incidence of free E2F-1 (E2F
Transcription Factor 1), as a consequence of a dysfunctio-
nal Rb1 pathway [60]. The authors assumed that VCN-01
may provide targeted therapeutic activity also in the case
of chemo-resistant Rb. Retinoblastoma cells have been su-
ccessfully destroyed in in vitro experiments. In xenograft
retinoblastoma models in mice, necrosis of the tumor and
a higher number of preserved eyeballs were achieved fo-
llowing intravitreal administration of VCN-01 in comparis-
on with standard chemotherapy, as well as prevention of
metastases into the CNS. On a rabbit immunocompetent
model, VCN-01 was not replicated in the retina, and mini-



mal local side effects were recorded, with a minimal short-
-term transition of the virus into the blood circulation. The
initial first phase of the clinical trial demonstrated the feasi-
bility of intravitreal application, the appearance of markers
of viral replication in tumor cells, and led to a suppression
of vitreous seeding without systemic complications with a
local inflammatory reaction in the vitreous body [60].

Immunotherapy

Retinoblastoma cells exprimate the ganglioside GD2
[61,62], monoclonal antibodies anti-GD2 are approved in
the treatment of neuroblastoma [63], though as yet there
is not sufficient clinical experience for their use in the tre-
atment of Rb. GD2 together with the adhesive neural cell
glycoprotein CD171, which is also highly exprimated on
the surface of Rb cells, are the target for modern therapy
using CART (chimeric antigen receptor T) cells. The appli-
cation of these two types of cells had a cytotoxic effect on
the cellular lines of retinoblastoma [64]. Further scientific
groups subsequently developed local immunotherapy
founded upon GD2 CART cells. In order to increase sta-
bility, the cells were applied intravitreally in hydrogel. In
orthoptic xenograft animal models a complete regressi-
on of the tumor was recorded, without signs of recurren-
ce or toxicity for the eye [65].
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SUMMARY

This article presents a summary of recent advances in the development and use of complex systems using artificial intelligence (Al) in neuro-
ophthalmology. The aim of the following article is to present the principles of Al and algorithms that are currently being used or are still in the stage
of evaluation or validation within the neuro-ophthalmology environment. For the purpose of this text, a literature search was conducted using
specific keywords in available scientific databases, cumulatively up to April 2023. The Al systems developed across neuro-ophthalmology mostly
achieve high sensitivity, specificity and accuracy. Individual Al systems and algorithms are subsequently selected, simply described and compared
in the article. The results of the individual studies differ significantly, depending on the chosen methodology, the set goals, the size of the test,
evaluated set, and the evaluated parameters. It has been demonstrated that the evaluation of various diseases will be greatly speeded up with
the help of Al and make the diagnosis more efficient in the future, thus showing a high potential to be a useful tool in clinical practice even with

a significant increase in the number of patients.
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INTRODUCTION

Artificial Intelligence (Al) is defined as critical thinking
and intellectual performance extended by the technology
of synthetic intelligence, which is used today in practically
all spheres of human activity. Since its introduction, Al has
progressively spread from areas such as travel and trans-
port, finance, purchasing and healthcare technology, up to
medicine. In order to understand the application of Al, not
only within the field of ophthalmology, it is necessary to be
aware of the mechanisms upon which it is built. Through
the sequence of data processing, Al is capable of evaluating
its previous operations, and by doing so improves its predic-
tive skills and accuracy. The capacity for performing millions
of calculations and tasks without the need for pauses repre-
sents an insurmountable advantage of Al over its human
counterparts [1]. Within the framework of Al we operate in 2
subsets: machine learning and deep learning. Machine lear-
ning requires manually created functions on the part of the
programmer, which use this model to optimize the process
of learning and to automate the prediction of results with

a limited set of data. By contrast, deep learning is capable of
automating extractions, but in order to attain virtually per-
fect accuracy it requires an immense quantity of data. The
deep learning system (DLS) improves upon previous appro-
aches based on machine learning by incorporating multi-
level mechanisms of learning for the purpose of extracting
diverse models in order to attain a better result. This mo-
dule is composed of several small and large receptive fields
which are interconnected and superimposed on each other,
similarly to the connection between neurons in the human
brain. An understanding and harnessing of the power of Al
and neural networks represents an attractive prospect for
several fields of activity with respect to the fact that it has
the potential to make substantial advances within a rela-
tively short time. Al has already made inroads into several
fragmentary disciplines within the framework of ophthal-
mology, which we shall present a brief review of below [2].
In ophthalmology Al algorithms already exist for the de-
tection of diabetic retinopathy [3], glaucoma [4], age related
macular degeneration [5] and retinopathy of prematurity
[6]. The sub-specialization focusing on glaucoma is one of



the most rapidly developing areas. The first implementation
of Al within the area of glaucoma is an analysis of measure-
ment of intraocular pressure (IOP), in which the level of IOP
is one of the most significant risk factors in the progression
of changes on the optic nerve papilla. For continuous mo-
nitoring of IOP, a contact lens has been developed thanks
to which we can identify even minor fluctuations of I0P
during the course of the day, which would otherwise have
eluded us [4]. In addition, several deep learning algorithms
have been developed in order to record the size and shape
of the disc, the size and shape of excavation, the cup/disc
ratio, and the thickness of the neuroretinal rim. It is impor-
tant to state that one DLS was able to outperform 5 out of
6 ophthalmologists in identifying glaucoma with the aid
of these criteria. Al has also found application in imaging
methods such as optical coherence tomography (OCT) and
testing of the visual field, attaining 93% sensitivity in detec-
ting glaucoma in both of these methods [7].

The three main themes of Al in retinal specialization inc-
lude diabetic retinopathy (DR), retinopathy of prematurity
(ROP) and age-related macular degeneration (ARMD).

In the case of DR, Al was trained to search, among other
conditions, for clinically significant macular edema, which
enables timely diagnosis and treatment. More practical is
the impact of Al on screening for the initial stages of diabe-
tic retinopathy, when patients do not yet perceive any com-
plaints but pathological changes are already manifested.

ROP, or abnormal changes on the retina, and in advan-
ced stages growth of a neovascular retina as a consequen-
ce of hypoxia upon a background of premature birth, has
also been influenced by advances in the field of Al. Com-
puter algorithms and systems of machine learning have
recently been developed which enable the development
of scores for quantifying the onset and progression of ROP.

OCT and ocular fundus photography are regularly used
technologies in the detection of ARMD, which is the main
cause of loss of sight in developed countries. Both techno-
logies of detection are the main target of Al. Studies have
demonstrated that diagnosis of ARMD with the aid of OCT
scans and ocular fundus photographs with the aid of Al
is comparable with that conducted by clinical evaluators,
while some studies have in fact demonstrated better per-
formance on the part of Al.

It was recently published that a deep learning model
was able to differentiate between macular edema upon
a background of ARMD, diabetic macular edema, optic
disc drusen and choroidal neovascularization with 99.8%
and 100% accuracy [8].

Other applications of Al in ophthalmology include detecti-
on of ocular malignancies. Machine learning algorithms have
been developed for the detection of basal cell and squamous
cell carcinomas, and for assisting in the preoperative demar-
cation of edges and planning of resection of these formati-
ons [9]. Furthermore, studies demonstrate that Al has been
successful in detecting cataracts, as well as comparison and
above all calculation of the power of intraocular lenses (IOL)
[10]. The newly emerging technology in Al referred to as
a generative adversarial network has demonstrated an ability

to convert scans between 2 different imaging methods with
high precision. For example, recent studies have shown that
it is possible to use this method to synthesize scans of fluo-
rescence angiography from ocular fundus photographs [11].
It is clear that Al has penetrated into several sub-disciplines
within the field of ophthalmology, and in the near future we
can therefore expect incredible advances. The aim of this ar-
ticleis to present the currently used systems of artificial intelli-
gence in the field of neuro-ophthalmology.

METHOD

For the purposes of this article, literary research was condu-
cted focusing on an assessment and if applicable comparison
of the evaluations of individual indications within the field
of neuro-ophthalmology. The scientific databases PubMed,
Scopus, and Medline were used in the research, as well as the
website ClinicalTrials.gov, in order to search for target articles
using the key terms “artificial intelligence”, “deep learning”,
“optic nerve head”, “papilledema”, “retinal”, “optic disc”, and
“neuro-ophthalmology”. Of the articles found, we used only
those that described a comparison of evaluations with ex-
perts, demonstrated qualitative sensitivity and other parame-
ters above 80%, and in which an impact on clinical practice
could be expected. For the same reason we excluded articles
dealing with an evaluation of the function of the optic nerve.
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RESULTS

Current imaging methods in neuro-ophthalmology
Before describing the options for the application of Al
in neuro-ophthalmology, it is important to mention the
current imaging methods that are already available within
this area. The basis of imaging methods in neuro-ophthal-
mology are constituted by computer tomography (CT), and
magnetic resonance (MR), each of which has its own charac-
teristics. CT angiography (CTA) and MR angiography (MRA)
offer a fundamental benefit in highlighting vascular abnor-
malities potentially contributing to the diagnosis of neuro-
-ophthalmological disorders. Another important diagnostic
tool is examination of the visual field with the aid of perime-
try, e.g. Humphrey visual field (HVF). As in other sub-discipli-
nes, in neuro-ophthalmology also fundus photography and
optical coherence tomography (OCT) of the optic nerve are
commonly used to detect changes of the optic nerve [12].

Use of artificial intelligence in neuro-ophthalmology
Evaluation of the optic nerve

Nerve signals generated upon phototransduction of light
by the retina are transmitted to the central nervous system by
means of the optic nerve. The appearance of the papilla, the
proximal end of the optic nerve, depends on its structural in-
tegrity. Deformities of axons may cause discoloration (or even
atrophy), or swelling in different neuropathies [13]. There are
several neurological conditions, e.g. intracranial hypertensi-
on, which require quick diagnosis and intervention. Digital
fundus cameras provide high quality photographs of the pa-
pilla and retina, and offer an alternative to ophthalmoscopy



[12]. As an alternative to trained neuro-ophthalmologists, Al
algorithms may offer a solution for a fast, automated and ac-
curate interpretation of the papilla, as well as determination
of the basic diagnosis. A review of studies using Al to detect
papilla abnormalities is presented in Table 1.

Although glaucoma, retinal pathologies and neuro-o-
phthalmology overlap considerably, there are certain con-
ditions which have a special status within the framework
of neuro-ophthalmology. This concerns papilledema, an-
terior ischemic optic neuropathy (AION) and nonarteritic
anterior ischemic optic neuropathy (NAION), as well as
their differentiation from glaucomatous optic neuropathy
(GON). Liu et al. developed a DLS which in this respect
attained 98.8% accuracy, thereby competing with a far
greater set of data from other authors, and demonstrating
that a DLS can be accurate also in a small data set [14].

In a groundbreaking retrospective study from 2020
using 14 341 photographs of the ocular fundus, Milea et al.
described how deep learning systems using retinal came-
ras were able to differentiate a normal ocular fundus from
scans with edema of the optic nerve papilla, or with other
abnormalities which were not connected with papillede-
ma [15,16]. Following a cross-comparison with 4 experien-
ced neuro-ophthalmologists, it was determined that the
DLS had 96.4% sensitivity and 84.7% specificity for detec-
tion of papilledema, and produced results that were at mi-
nimum comparable with those of the experts. The DLS was
also tested against 2 experienced neuro-ophthalmologists
in an evaluation of 800 fundus photographs. The classifi-
cation was divided into normal optic fundus, papillede-
ma or other abnormalities. In this study the DLS correctly
classified 678 out of 800 scans (84.7%), whereas expert 1
correctly classified 675 out of 800 (84.4%) and expert 2 co-
rrectly classified 641 out of 800 (80.1%) [17]. Another study
assessed a significant factor influencing the accuracy of
evaluation of the optic nerve, namely the quality of scans.
The validated DLS evaluated an international, multicentric,
multiethnic data set of 5 015 scans of the ocular fundus
from 31 centers in 20 countries, with an overall accuracy of
90.6%, including poor quality scans, in an evaluation seve-
ral times faster than those of 3 independent experts [18].

Another study described how the performance of a deep
learning system in classifying abnormalities of the optic disc
was at least as good as that of 2 independent neuro-ophthal-
mologists [19]. Akbar et al. developed an automated system
for detecting the severity of papilledema from 160 fundus
photographs with the aid of Al. This system attained 92.9%
and 97.9% accuracy in the detection and classification of ede-
ma [20]. Other studies using various different combinations
of extraction of algorithm features have also demonstrated
good accordance for classification of papilledema in com-
parison with a neuro-ophthalmologist (Kappa score = 0.71),
and comparison in evaluation by OCT (Pearson correlation
coefficient, r =0.77) [21]. Ahn et al. used a DLS to differentia-
te normal papilla scans from abnormalities caused by other
neuropathies and edema. With the aid of data expansion and
a classical convolutional neural network (CNN) with Tensor-
flow and transfer learning, they differentiated actual edema

from pseudo-edema with high precision (95%). Unfortuna-
tely, the study suffered from a number of methodological
limitations such as insufficiently stringent clinical inclusion
criteria and external testing of the data file [22].

The results of these studies thus emphasize the possibility
of faster and more accurate determination of papilledema for
timely commencement of treatment. However, the funda-
mental question as to whether Al may provide a more accu-
rate classification in comparison with experts still remains. In
a study which addressed this question, the overall accuracy of
classification of the BONSAI-DLS system (84.7%) was at least
as good as that of 2 neuro-ophthalmologists with more than
25 years of clinical practice behind them (80.1% and 84.4%),
who similarly to the DLS diagnosed the appearance of the
ocular fundus based on digital fundus photographs without
other clinical information [19]. The robustness of a DLS for
detecting papilledema and other abnormalities was also con-
firmed by 2 further studies, even if with smaller groups of va-
lidation and evaluation datasets [14,23].

Glaucomatous and non-glaucomatous optic
neuropathy

AION and NAION are sight-threatening conditions, in
which timely diagnosis is of vital importance. A retrospec-
tive study in comparison with experienced clinicians de-
monstrated that their neural network was able to detect
AION in 94.7% of cases [24]. It is very important to diffe-
rentiate glaucomatous optic neuropathy from non-glau-
comatous optic neuropathy (NGON), such as AION or NAI-
ON. Jang et al. applied the neural network ResNet-50, DLS
MATLAB, to 3 815 color fundus scans, and demonstrated
93.4% sensitivity and 81.8% specificity in differentiating
between NGON and GON [24]. It therefore has the poten-
tial to provide a clear diagnostic differentiation between
these 2 pathologies, which could enable greater effecti-
veness and better utilization of time and resources.

A study by Feldon et al. from 2006 describes the ability of
a computer classification system to characterize the severity
of NAION on the basis of evaluation of HVF. However, the
study was not clinically usable and was focused rather for
research purposes [25]. Glaucoma is typically manifested in
the excavation of the optic nerve papilla. It is nevertheless
very important to correctly identify compressive neuro-
pathy, which may imitate glaucoma. Yang et al. used DL in
order to differentiate GON from non-glaucomatous optic
neuropathy (NGON) caused by compression, hereditary di-
sorder, chronic ischemia, inflammation, trauma or toxicity
with the aid of an analysis of fundus photographs using the
CNN architecture ResNet-50. The diagnosis of the cause of
neuropathy was evaluated by 2 specialists, who supported
it with evidence from an evaluation of the visual field and
OCT. The overall accuracy of the DLS reached 99.1%. The
diagnostic precision of the DLS for specific differentiation
of GON from images of NGON demonstrated sensitivity of
93.4% and specificity of 81.8% [26].

A further study on a DLS in relation to HVF was condu-
cted in relation to glaucomatous changes. With the use of
32 443 HVF, Wen et al. demonstrated that their algorithm



Table 1. Summary of studies evaluating classical machine and deep learning to detect structural and functional abnormalities of the

optic nerve and papilla

Assessment specifications Al characteristics Source

Al Assessment Model Aim Dataset Sensitivity |Specificity|Accuracy
Colour Image processing and Detection of 160 images, 50 90.09 96.49 92.99 | Akbar
picture of | extraction of vasculature | papilledema. normal and 40 with etal,
the fundus | features, blurring and Classification of | papilledema from the 2017

ML disc colour. Extraction of | the severity of STARE database and

textural features using papilledemainto | 40 normal and 30 with
GLCM. Classification mild (MFS 1and | papilledema from the
using SVM with RBF. 2) and severe local database.
(MFS 3to5).
Colour Analysed parameters | Assessment of 230 images, 107 with 95.3 96.7 96.1 Yang

ML picture of | of optical disc pallor. optic disc pallor. | disc pallorand 123 etal,

the fundus normal from the local 2019
database.

Colour NA. Differentiate Training dataset: 14341 83.17 94.39 91.59 |Biousse
picture of papilledema images (2148 with etal,
the fundus from a normal papilledema, 3037 with 2020

finding or other | other abnormalities,

abnormalities. 9156 with normal fin-

ML To compare the | dings). 800 images were

performance of | evaluated (201 with

DLS against 2 papilledema, 199 with

neuro-ophthal- | otherabnormalities, 400

mologists. with normal findings).
Colour CNN using Google's Detection of 1396 images (295 with 95.99 Ahn
picture of | Tensorflow frame- papilla swelling | neuropathy, 295 with et al,

DL the fundus | work, Inception V3, on | accuracy. pseudopapilledema, 2019

ResNet and VGG. 779 normal) from a
local database. Training
dataset: 876 images.

DL Colour BONSAIDLS: Den- Distinguishing Test dataset: 14341 im- 96.49 84.78 87.58 | Milea
picture of | seNet-121 classificati- | papilledema ages (2148 with papille- etal
the fundus | on network. from normal im- | dema, 3037 with other (2020)

ages and other | abnormalities, 9156

abnormalities. with normal findings).
1505 images evaluated
(360 with papillede-
ma, 532 with other
abnormalities, 613 with
normal findings).

DL Colour U-net segmentation Classification of | Training dataset: 2103 91.8 82.6 87.9 | Va-
picture of | network, VGGNet the severity of images (1052 with mild/ ssene-
the fundus | classification network. | papilledema into | moderate oedema, 1051 ixetal,

mild (MFS 1 and | with severe papillede- 2021
2) and severe ma). Test dataset: 214
(MFS 3 to 5). images (92 with mild/

moderate oedema, 122

with severe oedema).

DL Colour Classification using Differentiating Training dataset: 944 94.01 96.05 Liu
picture of | ResNet-152. between normal | images (364 abnor- etal,
the fundus and abnormal mal, 580 normal) from 2021

smartphone the local database.

images. Test dataset: 151 im-
ages (71 abnormal, 80
normal) from a local
database.

CNN - convolutional neural network, DL — deep learning, GLCM — co-occurrence matrix, MFS — modified Frisén grade scheme, ML — machine
learning; NA - not Applicable, RBF - radial basis function, SVM - support vector method




Table 2. Summary of studies evaluating classical machine and deep learning on eye movement disorders

Assessment specifications Al characteristics Source

Aim | Dataset Sensitivity Aim Dataset Sensitivity | Aim | Dataset

ML | Face photo. | Classification Eye misalignment | 103 subjects. 97.2 73.1 94.2 | Khum-

using the detecti- | detection in dat et al
on and calculati- | primary gaze facial (2013)
on of the corneal | photographs using
light reflex ratio. | the corneal light

reflex.

ML | Digital video | Classification Identification 15 patients with exot- 80.0 100.0 93.3 | Valente et
recordings of | using automatic | of strabismus in ropia. al, 2017
eye move- eye deviation. The | digital video re-
ments with model was not cordings using the
cover test. further specified. | cover test.

DL | Retinal Classification Detection of eye Validation: 10 eyesin 5 98.5 100 Gramati-
birefringence | using the Neural | disorders using subjects with different kov et al,
scan. Network toolbox | retinal birefringen- | fixations. Test: 39 sub- 2017

for MATLAB. ce sensing. jects (19 with strabis-
mus, 20 controls).

DL | Photographs | Segmentation Strabismus Validation: 3409 images 933 96.2 93.9 |Luetal,
of eyes taken | using ResNet-101. | detection using (701 strabismus, 2708 2018
by patients. | Classification autoscreening. controls). Test: 2276

using CNN. images (470 strabismus,
1 806 controls).
DL | Face photo. | Area localizati- Screening for hori- | Validation: 7026 images 94.0 99.3 95 Zheng et
on using faster zontal strabismus | (3829 strabismus, 3197 al, 2021
R-CNN. Classi- in primary gaze controls). Test: 277
fication using using facial photo- | frames.
Inception-V3 graphs.
pretrained on
ImageNet.

CNN - convolutional neural network, DL — deep learning, GLCM — co-occurrence matrix, MFS — modified Frisén grade scheme, ML — machine

learning; RBF — radial basis function, SVM - support vector method

was capable of providing predictions of development of
the visual field in glaucoma on the basis of a single initial
HVF. The accuracy of prediction was within the range of
0.5 to 5 years, which provided clinical doctors with a tool
for creating more precise plans for treatment [27].

Detection of eye movement disorders

The deviation in childhood and acquired strabismus may
be connected with muscle restriction, convergent or diver-
gent insufficiency or refractive errors. It can be clinically de-
termined among other matters by a Hirschberg and Krimsky
test, in which the gold standard is a prism cover test (PCT).
Al systems have been developed which model data on the
motor activity of the eye in order to predict signs in connec-
tion with infantile nystagmus and to detect strabismus. In
future these systems could be extended also to other cau-
ses of ocular asymmetry, such as cranial nerve palsy [28,29].

Strabismus and similar abnormalities
The detection of squinting or strabismus with the aid of
Al has been described predominantly in technical studies

using photographs of patients, video recordings of eye mo-
vements, cover tests, retinal birefringence scanning or mea-
surement by PCT. These studies are summarized in Table 2.

Facial photographs have been used to detect strabis-
mus with the aid of various different Al methods. Sousa et
al. designed a system on the basis of the Hirschberg reflex
from photographs of 40 adult patients in 5 positions (prima-
ry gaze, upward gaze, downward gaze, left gaze and right
gaze). The authors used 5 steps: segmentation of the face,
detection of the ocular region, localization of the eyes, lim-
bus and glare, and finally diagnosis based on the distance of
the center of the cornea from the detected light reflex. The
accuracy of identification of ocular asymmetry was 100%
in exotropia, 88% in esotropia, 80% in hypertropia and
83% in hypotropia. A similar study, which used analysis of
corneal light reflex, but only in children, attained accuracy
of 94.2%, sensitivity of 97.2% and specificity of 73.1% [30].
Zheng et al. also developed a DL approach for screening of
referable horizontal strabismus in children based on photo-
graphs in primary gaze. A total of 7026 images were used
to train the model, 277 of which were tested. The algorithm



attained accuracy of 95%, which was superior to the result
of the resident ophthalmologists (accuracy within the range
of 81-85%). However, before confirmation of usefulness it
is necessary to conduct more extensive clinical validation
trials, ideally performed prospectively [31].

Some studies have analyzed video recordings of eye
movements from different gazes. Chen et al. developed
Al which used various different CNN models and achieved
accuracy of 95%, sensitivity of 94% and specificity of 96%
in testing on a small sample of 17 adult patients with stra-
bismus and a control group of 25 individuals [32]. In the
study by Yang et al., an infrared camera with a special oc-
clusor that blocked the subject’s gaze and selectively let in
infrared light was used. This program achieved strong co-
rrection with manual measurement by PCT, performed by
2 independent ophthalmologists. Valent et al. attempted to
dispense with the need for a special camera or filters in the
analysis of video recordings of a cover test with the aid of
a different program which incorporated identification of
the limbus, observation of the eye and detection of the oc-
clusor. This method attained 93.3% accuracy, 80.0% sensiti-
vity and 100% specificity for the detection of exotropia [26].

In order to overcome a number of methodical errors,
Gramatikov et al. embarked upon retinal birefringence
scanning for the purpose of determining central fixation
according to changes of polarization of light refracted
from the eye. In combination with an analysis with the aid
of a specially designed ANN, in testing on 39 subjects the
system attained 98.5% sensitivity and 100% specificity for
the detection of ocular shift [33]. The use of Al for the de-
tection and diagnosis of ocular asymmetry or other disor-
ders is promising, both for its use in pediatric ophthalmo-
logy and in neuro-ophthalmology [34].

DISCUSSION AND LIMITS OF ARTIFICIAL
INTELLIGENCE

The visual pathway begins with photoreceptors, and after
switching to various different levels ends in the occipital lobe
of the brain. As a consequence of this, intracranial patholo-
gies may lead among other factors to disorders of the visual
apparatus. Neuro-ophthalmology is an integrating medical
discipline that incorporates the study of pathologies along
the entire visual pathway. The most commonly occurring
disorders affect the afferent visual system and the efferent
pathway, which leads to central motor disorders, cranial neu-
ropathies, instability of gaze and disorders of the pupils. The-
se changes may have their origin in a broad range of patho-
logies, from autoimmune, infectious, inflammatory, ischemic,
traumatic, compressive, congenital or degenerative disorde-
rs. It frequently occurs that neuro-ophthalmic dysfunction
may be the first manifestation of a neurological disorder (e.g.
multiple sclerosis). Similarly, optic nerve hypoplasia (ONH)
may represent the sole manifestation of increased intracra-
nial pressure [35]. Up to now neuro-ophthalmology has not
benefitted substantially from advances in the field of artifici-
al intelligence. The probable reasons are: (1) low prevalence
and heterogeneity of disorders, which means that there is

insufficient available data necessary for effective practice and
training of systems; (2) relatively small community of specia-
lists in comparison with other specializations; and (3) lack of
uniformity in determination of final diagnosis between indi-
vidual centers, especially when neurologists may enter the
process. This may then lead to a loss of basic data and a decre-
ase in the reliability of sufficient training before validation of
the artificial intelligence algorithms. Despite this, the article
has attempted to summarize and discuss the knowledge we
have so far relating to systems of machine and deep learning
for the purpose of detecting abnormalities within the neuro-
-ophthalmological environment [36].

One of the most limiting factors in the introduction of
artificial intelligence (Al) is costs. In the literature there is
only a negligible quantity of studies that address the im-
pact of costs on the practical usability of Al. There are even
fewer of those that deal with specific conditions, while the
largest amount of literature focuses on the implementa-
tion of screening for diabetic retinopathy. With reference
to this situation, Ruamviboonsuk et al. found 5 studies
that addressed the cost-effectiveness of Al. The authors
reached the conclusion that Al is more cost-effective than
manual screening of diabetic retinopathy [37], though the
studies nevertheless lack generalization in other indicati-
ons. With regard to this insufficiency, it is difficult to de-
termine the overall impact which Al is capable of having.

From this there ensures a further problem faced by Al, na-
mely the methodology of clinical trials. With reference to the
time and finances required for the creation of the technolo-
gy, it is a particularly laborious process to obtain approval
from the American FDA for testing of a research hypothesis.
However, this approval is essential within the framework of
the payment process. Without financial coverage, the costs
are otherwise too high to justify the use of Al [24]. Another
limitation of Al consists in the collection of extensive and
complete data files for the creation and validation of al-
gorithms. The “garbage in, garbage out” rule clearly states
that if Al receives incomplete or insufficient data, the result
will be incomplete and insufficient predictions. The supply
of such data files requires either a large private practice or
a hospital environment with patients who are willing to par-
ticipate [38]. Large data files containing clearly categorized
images with pronounced clinical features on color fundus
photographs are not common. As a consequence, greater
endeavors on the part of developers are required in order to
develop Al solutions capable of detecting multiple papilla
conditions in clinical practice.

It appears that the majority of research up to now has fo-
cused on fundus scans in the detection of neuro-ophthalmo-
logical disorders. However, in order for Al to have a greater
impact in this field, it must penetrate far deeper into these
imaging methods. Similar studies have already been condu-
cted in other fields of medicine, including cardiology, pneu-
mology and neurology [16,24]. Most studies in this article use
a retrospective design [8,9,11,39,40]; nevertheless, a prospec-
tive evaluation would manifest far greater clinical validity. We
can only hope that the advance of Al in medicine will contri-
bute to a greater availability of literature and other sources



which demonstrate the cost-effectiveness of Al, thereby lea-
ding to easier use of the technology in practice.

CONCLUSION

Thanks to technological advances, artificial intelligence
(Al) can now boast the ability to process large sets of data
quickly and consistently, which may help doctors deter-
mine a more accurate diagnosis within a shorter time. It
is necessary to note that within the current configuration,
Al rather plays the role of a “seconder” than an equal part-
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SUMMARY

Purpose: To draw attention to the higher proportion of Fuchs heterochromic iridocyclitis (FHI) cases in patients with multiple sclerosis (MS).
Materials and Methods: Retrospective study of data collected at the Center for the Diagnosis and Treatment of Uveitis.

Results: An analysis of the medical records of 3016 patients with uveitis (in the years 2003-2020) was performed with a focus on MS. MS-as-
sociated uveitis was diagnosed in 90 patients (3%): anterior uveitis (n = 7), intermediate uveitis (n = 23), retinal vasculitis (n = 24), and panu-
veitis (n = 36). A clinical examination revealed signs of FHI in the anterior segment in 11 out of 90 cases (12%). Atypical manifestations of
FHI included a higher incidence of bilateral involvement (45%), retinal vasculitis (27%), and vitreous snowballs (18%). The diagnosis of FHI
preceded the diagnosis of MS in 4 cases. The median latency was 10.5 (range 8-15) years. In 4 patients, the diagnosis of demyelinating disease
was established within one year of the diagnosis of FHI. We recommended a neurological examination for optic neuritis (n = 1), paresthesia
(n = 3), relapse of motor deficit (n = 1), and screening of etiology in cases with involvement of the posterior segment (n = 3). In the other 3
cases, the diagnosis of MS preceded the diagnosis of FHI, with a median latency of 13 (range 8-19) years.

Conclusion: We detected clinical symptoms of FHI in 12% of uveitis cases associated with MS, more often in bilateral manifestations of intra-
ocular inflammation. Based on our experience, we recommend an investigation of the medical history of patients with FHI for manifestations
of sensitive, sensory and motor deficits, especially in bilateral cases.

Key words: Fuchs heterochromic iridocyclitis, Fuchs heterochromic syndrome, multiple sclerosis
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INTRODUCTION

of the extraocular muscles or nystagmus. The preva-
lence of uveitis in patients with MS is within the range

Uveitis, a general term for inflammation of the
uveal structures (iris, ciliary body, choroid or retina),
covers a highly heterogeneous group of diseases
with immune-mediated or infectious causes. Tradi-
tionally uveitis is classified according to the primary
anatomical localization of the inflammation, as an-
terior uveitis, intermediate uveitis, posterior uveitis
and panuveitis.

Multiple sclerosis (MS) is an autoimmune disorder of
the central nervous system (CNS) characterized by in-
flammation, demyelination and damage to the axons
in the CNS [1]. The most common ocular manifestati-
on of MS is optic neuritis, followed by further ocular
findings such as internuclear ophthalmoplegia, paresis

of 1-3%, and is therefore approximately 10 times
more common than in the regular population [2,3].
The cause of uveitis in patients with MS is unknown.
Nevertheless, certain concordances in risk factors and
pathophysiology have triggered a debate concerning
whether the presence of both disorders in a single pa-
tient is rather a matter of chance or whether it is nece-
ssary to consider uveitis a manifestation of MS [3].

Published studies state a significant contribution
of MS to the etiology of uveitis affecting the posterior
segment: intermediate uveitis, retinal vasculitis, and
panuveitis [2-9]. An understanding of the relationship
between MS and uveitis is important for patient thera-
py, both for ophthalmologists and for neurologists.



Fuchs Heterochromic Iridocyclitis (FHI) is a chro-
nic, non-granulomatous anterior uveitis [10-13]. The
disorder was first described by Ernest Fuchs in 1906
[10]. FHI constitutes up to 20% of all cases of ante-
rior uveitis, and is the second most common form
of non-infectious anterior uveitis [11,12]. FHI is cha-
racterized by a mild course of inflammation, with
the presence of small to medium-sized star-shaped
precipitates scattered throughout the entire corneal
endothelium, heterochromia of the iris, small Koep-
pe’s nodules of the iris and a mild degree of vitritis.
Posterior synechiae and cystoid macular edema are
absent in FHI [13,14]. A common manifestation is
formation of posterior subcapsular cataract (70% of
patients), whereas the development of secondary
glaucoma is less common (25% of patients). Cataract
and glaucoma represent sight-threatening compli-
cations [15,16]. In the typical form the inflammation
appears unilaterally. In 10% of patients uveitis may
be bilateral, in which case one of the fundamental
characteristics is absent, namely heterochromia of
the iris [17]. Most cases of FHI are idiopathic. Some
studies have published a possible correlation of FHI
with infections (toxoplasmosis, toxocariasis, herpes
simplex virus), as well as retinitis pigmentosa or ocu-
lar trauma [18-23]. Since 2004 a number of studies
have documented an association of FHI with rubella
or cytomegalovirus infection [24-26]. The variability
of the presumed or confirmed etiology of FHI led to
a proposal to rename this uveitis Fuchs Heterochro-
mic Syndrome [27,28].

This study investigated the incidence of FHI in pati-
ents with MS.

MATERIAL AND METHODS

This is a retrospective study of data collected at the
Center for the Diagnosis and Treatment of Uveitis at the
Department of Ophthalmology of the General Universi-
ty Hospital in the years 2003-2020.

Classification of the type of uveitis was performed
by an uveitis specialist, and governed by the stan-

Table 1. Types of uveitis in Uveitis + MS cohort and in Uveitis no MS cohort

_ Uveitis + MS cohort |Uveitis no MS cohort

All uveitis (n) % (90) 3% (2926) 97%
Uveitis by type
Anterior (7) 8 % (1730) 60 %
Intermediate (23) 25 % (244) 8 %
Posterior (24) 27 % (553) 19 %
Panuveitis (36) 40 % (399) 13 %
FHI (n) % (11)12% (234) 7 %

FHI - Fuchs heterochromic iridocyclitis, MS — multiple sclerosis

dardization of uveitis nomenclature (SUN) [29]. Dia-
gnosis of FHI was based on the recommendations of
the International Uveitis Study Group [30]. Clinical
and demographic data were obtained by means of
an overview focusing on the laterality of the clinical
picture, intraocular manifestation, age at the time of
diagnosis of FHI and diagnosis of MS, and the reason
for recommendation of a neurological examination.

RESULTS

A total of 3016 patients with uveitis were analyzed. In
3% (90 cases) intraocular inflammation was associated
with multiple sclerosis. The median observation period
was 167 (range 6-388) months. In our cohort of pati-
ents with uveitis in combination with MS, the following
types of uveitis were present: anterior uveitis (n = 7),
intermediate uveitis (n = 23), posterior uveitis (n = 24)
and panuveitis (n = 36). In this cohort a finding of FHI
corresponded in 12% of patients (Table 1). An analysis of
the clinical manifestations of FHI (Table 2) detected that
an isolated manifestation of intraocular inflammation
was present in the anterior segment (Fig. 1) in 6 cases.
FHI was associated with retinal vasculitis in 3 patients,
and intermediate uveitis in 2 patients (Fig. 2). Unilateral
involvement with typical heterochromia was present in
6 patients (Fig. 3 A, B), while in 5 patients (45% of the
cohort) the inflammation was bilateral.

The total number of patients with FHI in our cohort
of 3016 was 245 (8%). Bilateral manifestation was re-
corded in 27 (11%) of these. Diagnosis of MS was pre-
sent in 18% of patients with bilateral FHI and in 2% of
patients with unilateral FHI.

Diagnosis of MS preceded diagnosis FHI in 3 cases
(8, 13 or 19 years), and four cases of MS were diagno-
sed within one year of determination of the diagnosis
of FHI. Diagnosis of FHI preceded diagnosis of MS in 4
cases, with a latency of 8-15 years.

A neurological examination was indicated for op-
tic neuritis (n = 1), paresthesia (n = 3), an episode of

Figure 1. Star-shaped small keratic precipitates



motor deficits (n = 1) and within the framework of in-
vestigation of the etiology in cases with affliction of
the posterior segment involvement (n = 3).

Figure 2. Snowballs and white sheathing of vessel

DISCUSSION

Uveitis affects 1-3% of patients with MS. The preva-
lence of MS in large cohorts of patients with uveitis is
stated at 0.9-1.7% [2,3]. Our cohort of 3016 patients
with uveitis contains a higher proportion of cases of
uveitis together with MS (3%), which we attribute to
the decades of existence of specialized clinics for uveitis
and MS within the same academic institution. The pro-
portion of types of uveitis (based on the SUN classificati-
on) in our cohort of uveitis and MS is in accordance with
the published data. Panuveitis, as the most common
clinical manifestation of uveitis in patients with MS, was
present in 40% of cases, followed by posterior uveitis
(27%), intermediate uveitis (25%) and anterior uveitis
(8%). Biousse et al. published similar results: panuveitis
was found in 39.3% of patients, followed by intermedia-
te uveitis in 35.7% of cases [7]. However, in further stu-
dies intermediate uveitis was the most common mani-
festation in association with MS, observed in 61%, 80%
and 86% of cases respectively [3,5,8].

FHI is one of the most common forms of anterior

Figure 3. Iris atrophy in left eye (A), unaffected right eye (B)

Table 2. Characteristics of uveitis

mm Dg. of FHI (age) | Dg. of MS (age) Atypical features of FHI
1 M 22 22 oD

2 F 20 21 oDS
3 F 35 43 0S
4 F 41 42 0S
5 M 18 33 oDS
6 F 28 28 oD
7 F 47 39 oD
8 F 36 23 oD
9 M 37 48 oDS
10 F 31 41 oDS
1 F 44 25 oDS

Indikace neurologického vysetreni

none optic neuritis
none paraesthesia
none motor deficits
vasculitis screening of etiology of retinal vasculitis
vasculitis paraesthesia
snowballs screening of etiology of intermediate uveitis
none Dg. of MS preceded Dg. of FHI
none Dg. of MS preceded Dg. of FHI
vasculitis screening of etiology of retinal vasculitis
snowballs paraesthesia
none Dg. of MS preceded Dg. of FHI

FHI - Fuchs heterochromic iridocyclitis, MS — multiple sclerosis, M — male, F — female, OD - right eye, OS - left eye, Dg — diagnosis



uveitis, constituting as many as 8% of cases of uveitis in
reference centers [17,19,20]. The results of our analysis
and the predominant unilateral involvement (88% of
245 cases of FHI) correspond with the published data
in the references [17,19,20].

FHI was represented in our cohort of patients with
uveitis and MS in a greater number than expected.
We found symptoms of FHI in 16 eyes of 11 patients.
The most significant result of our analysis is on one
hand the high identification of bilateral manifesta-
tions of FHI with MS (45%), and conversely the sig-
nificantly more frequent incidence of MS in patients
with bilateral manifestation of FHI (18% of 27 cases)
in comparison with unilateral FHI (2% of 218 cases).
Findings on FHI and its clinical manifestation, such as
bilateral involvement of the eyes, are rare and only
occasionally analyze the data of the Central European
population [13-17].

A higher incidence of MS in patients with FHI has
not been described in the literature, and represents
a challenge to examine common risk factors between
these two diseases [32]. The pathogenic relationship
between uveitis and MS is unknown. However, autoim-
mune responses in the eye and in the central nervous
system take place by means of a failure of immune re-
gulation mechanisms, which in susceptible individuals
may trigger infectious disease. Genetic factors consti-
tute only part of the risk of development of multiple
sclerosis or uveitis, nonetheless both diagnoses share
the risk factors HLA-DR-15 and HLA-DR-51. Similarities
can also be deduced in the case of viral pathogens asso-
ciated with FHI and MS. In addition to other factors, FHI

is associated with infections by toxoplasmosis, toxoca-
riasis, rubella, cytomegalovirus, herpes simplex virus
and chikungunya virus [18-26,33,34]. In many cases
of FHI, viral etiology was demonstrated by PCR exami-
nation of anterior chamber aqueous humour samples
[22,25,35-37]. The intrathecal IgG response in patients
with MS incorporates antibodies against the neurot-
ropic virus panel. A finding of an antibody against the
measles virus (M), rubella virus (R) and varicella-zoster
virus (Z) in the cerebrospinal fluid is termed the MRZ
reaction, which is highly specific to MS [24-26,36-38].
The rubella virus may hypothetically be a connecting
risk between FHI and MS. Another shared factor in the
pathogenesis of autoimmune disorders may be the role
of gut microbiota. Dysbiosis may contribute to immu-
ne mediated diseases, including uveitis and MS, or may
trigger them [39,40].

CONCLUSION

The prevalence of MS in patients with uveitis is low,
and as a result patients with uveitis are not routinely
referred to a neurologist, or do not undergo MR of the
brain. We detected clinical symptoms of FHI in 12% of
cases of uveitis associated with MS. The above findings
indicate that a stronger correlation could exist between
FHI and MS, specifically in the case of FHI with bilateral
involvement. Based on our experiences, we recommend
an investigation of the medical history of patients with
FHI for manifestations of sensitive, sensory and motor
deficits. Our observation could provide a stimulus for
further research in this area.
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SUMMARY

Aim: To determine the effect of repeated intravitreal injections of aflibercept on the corneal endothelium in patients with diabetic macular
edema (DME) and macular edema due to retinal vein occlusion (RVO).

Methods: In a prospective study conducted between January 2021 and November 2023, a total of 87 treatment-naive eyes with DME and RVO
were evaluated. The exclusion criteria were surgery or laser intervention during the follow-up period, contact lens wear, cataract surgery in
the last 6 months, dystrophy, or other corneal condition that may cause endothelial damage. In addition to routine examinations on the day
of application, we also measured the corneal endothelium using specular microscopy on the 1%, 4" and 8" day of injection. We evaluated 4
parameters: endothelial cell density (CD), hexagonality (HEX), coefficient of variability (CV) and central corneal thickness (CCT). First of all, we
evaluated the entire cohort of eyes, and then divided it according to 2 criteria; the diagnosis into DME/RVO and according to the lens status
into phakic/pseudophakic eyes.

Results: A total of 87 eyes of 68 patients were evaluated. The average age of the patients at the time of diagnosis was 66.8 £9.3 years. Within
the cohort 51 (59%) eyes were phakic and 36 (41%) pseudophakic. A total of 61 (70%) eyes with a diagnosis of DME were treated, and 26 (30%)
with RVO. During the follow-up, there were no significant changes in the average values of CD, HEX, CV, CCT due to aflibercept treatment,
either in the whole group or in subgroups according to diagnosis or lens condition.

Conclusions: The results of this study suggest that intravitreal administration of aflibercept in patients with DME and RVO did not have an
impact on corneal endothelial parameters, including CCT, HEX, CD and CV. These parameters were measured using endothelial microscopy
during an 8-injection observation period.

Key words: aflibercept, corneal endothelium, endothelial cells, antiVEGF, specular microscope
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INTRODUCTION

The endothelium is one of 6 layers of the cornea,
and is formed by one layer of hexagonal shape cells
[1,2]. It ensures the active transport of water out of
the cornea, and is thereby responsible for the trans-
parency, constant hydration and stable optical power
of the cornea [3]. The density of the endothelial cells
decreases with age by approximately 0.6% per year,
from a number of 3400 cells/mm? at the age of 15 ye-
ars to approx. 2300 cells/mm? at the age of 85. The
physiological density of endothelial cells is stated as
the number of 2000-3000 cells/mm? [4]. The principle
of non-contact specular microscopy is to display the
corneal endothelium with the use of a mirror reflec-

tion on the interface between the endothelium and
the anterior chamber fluid. This is achieved by white
light and a microscope with powerful enlargement.
The specular microscope measures corneal thickne-
ss, and automatically segments and counts the en-
dothelial cells. The instrument generates various in-
dexes, which assist in the diagnosis and treatment of
the cornea, for example cell density (CD), coefficient
of variability (CV), hexagonality (HEX) and central
corneal thickness (CCT) [5]. Studies have confirmed
the presence of vascular endothelial growth factors
(VEGF) and its receptors on the epithelium, stroma
and corneal endothelium [6-10].

Intravitreally applied pharmaceuticals are elimina-
ted from the eye by two paths: posteriorly via the blo-



od-retinal barrier, and anteriorly by means of drainage
of the chamber fluid. However, several experimental
studies have demonstrated that antiVEGF molecu-
les are practically completely eliminated by the an-
terior pathway [11-13]. Aflibercept (Eylea®, Bayer) is
a fusion protein which contains fragments of doma-
ins of human VEGF receptors 1 and 2, bind-ing to the
Fc fragment of human IgG1. It functions as a soluble
substitute receptor, which binds VEGF-A and placental
growth factor (PIGF), and thereby inhibits their bin-
ding to the receptor [14]. The pharmacokinetic profile
of intravitreal application of 2.0 mg/0.05 ml aflibercept
in humans has not yet been definitively clarified, but
Do et al. have confirmed that the half-life of afliber-
ceptin the chamber fluid following a single intravitreal
application was 11 days in patients with age-related
macular degeneration (AMD) [15]. Bevacizumab was
detected in the anterior chamber even as long as one
month after intravitreal application [12]. Our objective
was to examine whether repeated intravitreal applica-
tions of aflibercept may adversely affect the endothe-
lium and corneal thickness in patients with diabetic
macular edema (DME) and macular edema upon a bac-
kground of retinal vein occlusion (RVO).

MATERIAL AND METHOD

The prospective study conducted between Janu-
ary 2021 and November 2023 included a total of 87
eyes (68 patients) with a diagnosis of DME and RVO.
All the patients were treatment-naive, and had been
indicated for intravitreal treatment with aflibercept.
The exclusion criteria were other ocular surgical or

laser procedure during the follow-up period, contact
lens wear, dystrophy or other corneal condition that
may cause changes to the endothelium. The included
pseudophakic eyes were more than 6 months after ca-
taract surgery. On the day of application, we measu-
red as standard best corrected distance visual acuity
(BCVA) with the ETDRS optotype, intraocular pressure
using a non-contact tonometer, anterior and posteri-
or segment in mydriasis and central retinal thickness
(CRT) on the optical coherence tomography (OCT).
In addition to these routine examinations, on the day
of the 1%, 4" and 8" injection we also ex-amined the
corneal endothelium (Fig. 1, 2). We performed endo-
thelial microscopy with Nidek CEM-530 (Tokyo, Ja-
pan). We scanned the central cornea a size of 0.55 x
0.25 mm with the instrument configured in an auto-
matic mode with auto-tracking. We conducted 5 me-
asure-ments and evaluated the best quality scan. We
evaluated 4 parameters: CD, HEX, CV and CCT. We then
injected 0.05 ml of aflibercept intravitreally into the
patient under sterile asep-tic conditions under topical
anesthesia. The results were statistically analysed with
the use of descriptive statistics, a Chi-squared test and
a t-test, the level of significance was set at p = 0.05.

RESULTS

Table 1 presents the basic demographic data.
A total of 87 treatment-naive eyes of 68 patients were
included in the evaluation. The average age of the
patients at the time of diagnosis was 66.8 £9.3 (33—
87) years. The ratio of men to women was 52 (60%):
35 (40%). Of the total number of 87 eyes, 51 (59%)
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Figure 1. Corneal specular microscopy of 68-year-old pseudophakic patient with macular edema due to retinal
vein occlusion on left eye on day of 1%, 4t and 8™ application



were phakic and 36 (41%) pseudophakic. A total of
61 (70%) were treated with a diagnosis of DME, and
26 (30%) with a diagnosis of RVO; of the latter group
15 (17%) patients had branch RVO and 11 (13%) cen-
tral RVO. The mean value of glycated hemoglobin in
patients with diabetes mellitus (DM) was 7.6 £0.7%
(5.9-9.9) DCCT, and 54 eyes (89%) had DME upon
a background of type 2 DM.

Mean BCVA of all the patients on the day of the 1% in-
jection was 53 +12 letters of ETDRS. A significant impro-
vement to 60 +12 took place on the day of the 4t applica-
tion, and again on the day of the 8" application to 62 +12
letters of ETDRS, (p < 0.001 for both in comparison with
the 1% injection). Identically significant improvements
also took place upon the division of the eyes according to
diagnosis, in the group with DME (55 £11;60 £11; 62+13)
and RVO (49 +13; 58 +13; 61 +12) letters of ETDRS.

Mean CRT measured on spectral OCT on the day of
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the 1stinjection of aflibercept was 565 £15Tum. On the
day of the 4" application there was a significant redu-
ction to 347 £92 um and on the day of the 8" applica-
tion to 322 £95 um, (p < 0.001 for both in comparison
with the 1tinjection). Significantly significant impro-
vements were achieved also upon the division of the
eyes according to diagnosis, in the group with DME
(538 £127; 367 +£83; 324 +90) and RVO (629 £185; 300
+95; 319 +107) um.

We evaluated 4 parameters of the corneal endothelium
measured with the aid of endothelial microscopy: CD, CV,
CCT and HEX. First of all we evaluated the entire cohort of
eyes and subsequently divided it according to 2 criteria;
according to diagnosis into DME/RVO and according to
the condition of the lens into phakic/pseudophakic eyes
(Table 2).

Mean CD in all eyes on the day of the 1% application
was 2669 +£346 bb/mm?2. On the day of the 4™ (2642 +369

<L>

NIDEK CEM-530

Figure 2. Corneal specular microscopy of 68-year-old phakic patient with diabetic macular edema due on right

eye on day of 1%, 4" and 8" application

Table 1. Demographic and clinical characteristics of study eyes

All eyes

With RVO

Age in years

Male / female
Phakic / Pseudophakic

Right / left

DME - diabetic macular edema, RVO - retinal vein occlusion

n=2387

n=61(70%)

n =26 (30%)
66.8 +9.3 (33-87)
52 (60%) / 35 (40%)
51 (59%) / 36 (41%)

40 (46%) / 47 (54%)



bb/mm?2) and 8" application (2671 +364 bb/mm?) we did
not record a statistically significant difference in compa-
rison with the values of the 1t injection. However, we re-
corded a difference (p = 0.009) in the mean value of CD

on the 1t and 8" day of application between the groups
with RVO (2541 +257; 2541 +238) and DME (2724 +365;
2732 +£399) bb/mm? An expected significant difference
was confirmed also in mean CD between the group of

Table 2. Morphometric analysis of parameters measured by specular endothelial microscopy on day of 15,4 and 8" aflibercept application

8" application

All eyes

2642 +369 (p = 0.279) 2671 £364 (p =0.159)

31 +4 (p = 0.444) 31 4 (p = 0.876)
68 +4 (p = 0.672) 66 +7 (p = 0.058)
564 +33 (p = 0.155) 562 +28 (p = 0.329)

n =384 n=>59

Phakic eyes

2730 +343 (p = 0.368) 2696 £363 (p = 0.820)

30 +4 (p = 0.658) 30 +5 (p = 0.595)
68 +4 (p = 0.120) 66 +6 (p = 0.063)
567 +32 (p = 0.630) 565 +27 (p = 0.652)

n =49 n=35

Pseudophakic eyes

Cell density (cells/mm?) 2669 +346
Coefficient of variability (%) 30 %5
Hexagonality (%) 68 +4
Central corneal density (um) 564 +32
Eyes n=_87
Cell density (cells/mm?) 2731 £334
Coefficient of variability (%) 3045
Hexagonality (%) 68 +4
Central corneal thickness (um) 567 +33
Eyes n=>51
Cell density (cells/mm?) 2583 +£348
Coefficient of variability (%) 314
Hexagonality (%) 67 £5
Central corneal thickness (um) 559 +£31
Eyes n=36

2520 +372 (p =0.071) 2634 £371 (p = 0.089)

31 4 (p = 0.490) 314 (p=0.772)
68 £4 (p = 0.326) 65 +7 (p = 0.395)
560 £34 (p = 0.085) 558 £29 (p = 0.186)

n=35 n=24

DME eyes

2684 £391 (p =0.174) 2732 £399 (p = 0.068)

30 +4 (p = 0.522) 30 +4 (p = 0.821)
68 +4 (p = 0.731) 65 +8 (p = 0.091)
565 +31 (p = 0.104) 561 27 (p = 0.042)

n=>58 n =40

RVO eyes

Cell density (cells/mm?) 2724 £365
Coefficient of variability (%) 305
Hexagonality (%) 68 5
Central corneal thickness (um) 564 +29
Eyes n=61
Cell density (cells/mm?) 2541 +£257
Coefficient of variability (%) 314
Hexagonality (%) 68 +4
Central corneal thickness (um) 562 +39
Eyes n=26

2549 £297 (p = 0.704) 2541 £238 (p = 0.767)

31 4 (p = 0.669) 32 +5 (p =0.343)
68 +4 (p = 0.784) 67%3 (p =0.222)
562 +37 (p =0.977) 564 +30 (p =0.671)

n=26 n=19

p-value indicated the statistical significance of the difference between the 1st application values, DME - diabetic macular edema, RVO - retinal vein occlusion



phakic (2731 £334; 2730 +343; 2696 +363) and pseudo-
phakic eyes (2583 +348; 2520 +372; 2634 £371) bb/mm?,
but no changes of endothelial cell density took place
at the time due to the influence of the injections in the
subgroups.

During the course of the follow-up period we did not
record any significant change of the mean value of CV in
all eyes (30 +5; 31 +4; 31 £4)%, or a change of HEX of the
endothelial cells (68 +4; 68 +4; 66 +7)% or a change of
mean CCT (564 +32; 564 +33; 562 +28) um. We also did
not confirm any mutual differences in HEX and CV betwe-
en the subgroups according to diagnosis or state of the
lens. The only significant change in CCT was recorded in
the group with DME, in terms of comparison of CCT on
the day of the 8™ application in comparison with the 1%
application (from 564 to 561 um, p = 0.042).

Complete follow-up to 8" injection finish 59 (68%) of
the original 87 eyes; of which 19 (73%) RVO and 40 (66%)
DME eyes. Termination or suspension of treatment be-
fore the 8" injection took place due to improvement of
the finding (3), exit (1), high level of glycated hemoglobin
(10), non-responder with need to switch (9), necessity of
pars plana vitrectomy due to epiretinal membrane (2),
and for unknown reasons (3).

DISCUSSION

AntiVEGF treatment usually requires repeated intra-
vitreal applications. Studies have demonstrated that
VEGF and its receptors are exprimated on the corneal
endothelium [6-10]. Experimental animal models have
confirmed a certain concentration of antiVEGF molecu-
les in the anterior chamber following their intravitreal
application [16], and have also detected a reduction of
CD following intracameral application of ranibizumab
in rabbits [17]. Based on these facts also, the potential
cytotoxic effect of antiVEGF molecules on the corneal
epithelium is under investigation.

Papadakou observed the influence of DM alone on
the parameters of the corneal endothelium, coming
to the conclusion that CD was lower in patients with
DM in comparison with a healthy control group [18].
In our cohort we did not record a decrease of CD in
patients with DME (2724 +£365; 2684 £391; 2732 +399)
in comparison with RVO (2541 £257; 2499 +297; 2541
+238) bb/mm?2.
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Urban observed the effect of antiVEGF molecules
(ranibizumab and aflibercept) on the corneal epithe-
lium in 110 eyes of patients with ARMD. At the end
of the six-month observation period, a statistically
significant reduction of CD was demonstrated in the
group treated with aflibercept. The percentage of
hexagonal cells was lower in both groups, and this
study also demonstrated a slight increase of polyme-
gathism [19]. It was also demonstrated that ranibizu-
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SUMMARY

Aims: To investigate the concordance between the corneal power determined by various approaches with two tomographers (MS-39° and Galilei G6°)
and the clinical history method (CHM) in patients undergoing photorefractive surgery with excimer laser for myopic errors.

Material and Methods: Prospective cohort study. Patients undergoing keratorefractive surgery, and having pre- and postoperative keratometries, and
tomographies, were included.

Results: In 90 eyes, the differences in the power estimated by the CHM and the one determined by four approaches with the corneal tomographers,
which included measurements of the posterior cornea, did not show statistically significant differences in their averages. However, the 95% limits of
agreement were very wide. After obtaining regression formulas to adjust the values of these four variables, the results of the agreement analysis were
similar.

Conclusion: Although certain values either directly determined or derived from measurements with the Galilei® and MS-39°corneal tomographers,
approximated the estimated value of postoperative corneal power according to the CHM, due to the amplitude of their limits of agreement, these
calculations must be taken with care, because they may not be accurate in a given eye.

Key words: corneal power; corneal tomography; clinical history method; refractive surgery

Ces. a slov. Oftal., 80, 2024, No. x, p.

INTRODUCTION imprecise, due, in part, to the difficulty of determining
the true corneal power after photorefractive surgery.

Excimer laser refractive surgery is used to correct This stems from changes generated in the anterior sur-
refractive errors by modifying the corneal curvature. face of the cornea, rendering the keratometric index un-
A disadvantage of this procedure is that, many years suitable [1-3]. To address this issue, numerous methods
later, when these patients require cataract surgery, the have been proposed, with the clinical history method
calculation of the power of the intraocular lens can be (CHM), introduced by Holladay in 1989, standing as the
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earliest among them [4]. The CHM boasts a robust the-
oretical foundation, leading it to still be considered the
gold standard for determining real corneal power after
refractive surgery (Holladay JT. Personal communica-
tion. July 4/2023) [4,5]. However, this method has a crit-
ical drawback, as it heavily relies on the availability and
accuracy of preoperative data prior to corneal refractive
surgery. In addition, it requires a postoperative refrac-
tion that must have been obtained before cataract de-
velopment, but not too long before its appearance. This
precaution is necessary to avoid potential changes in
the cornea, such as epithelium remodeling leading to
regression, or, on the other hand, progression of refrac-
tive error, possibly caused by axial length elongation.
In real-life scenarios, obtaining all this information be-
comes challenging, as there is often a timespan of sev-
eral decades between photorefractive surgery and cat-
aract surgery in these patients. Consequently, this lack
of information significantly limits the clinical usefulness
of CHM [4,5].

New alternatives that do not require preoperative data
have been explored to determine the true corneal pow-
er after refractive surgery, some of them based on direct
measurements performed by corneal tomographers.
These devices have an optical light slit (in the visible or
infrared spectrum) and many are combined with a Placi-
do disk, which allows them to measure the radius of cur-
vature of both the anterior and posterior corneal surfaces
[2,6-10].

The objective of this study was to investigate, in pa-
tients undergoing photorefractive surgery with exci-
mer laser, the concordance between the corneal pow-
er determined by various approaches, by the corneal
tomographers MS-39° (CSO, Florence, Italy) and Galilei
G6° (Ziemer, Port, Switzerland) with respect to that de-
termined by the traditional CHM [4]. Values derived from
these direct measurements, including some using for-
mulas obtained by linear regression, were also analyzed.
A variant of the CHM, the modified CHM (mCHM) used
by the Amaris Schwind® laser program (Schwind, Kleinos-
theim, Germany) was also studied.

MATERIAL AND METHODS

In 178 eyes (90 patients), a correlation was found be-
tween both eyes with the outcome variables, so only one
eye of each patient was randomly selected for the anal-
ysis, and thus the final sample in this prospective study
was 90 eyes of 90 patients. The mean age of the patients
was 31.0 £12.2 years. 28 patients (31.1%) were male. 39
eyes (43.3%) were right.

All the subjects underwent excimer laser photore-
fractive surgery to correct myopia or myopic astigma-
tism (LASIK, PRK, TransPRK) from November 2020 to
February 2022. The patients included were older than
18 years, without any signs of corneal ectasia, accord-
ing to the corneal tomographic findings with both MS-

39 and Galilei G6° [11,12]. Those who presented some
complication during surgery, in whom some retinal
comorbidity was identified, or who for some reason
did not return for a postoperative visit, were exclud-
ed. The study was approved by the institutional Ethics
Committee and adhered to the principles of the Decla-
ration of Helsinki.

Surgical technique

53 patients underwent LASIK surgery, 19 PRK, and 18
TransPRK. All procedures were performed by 4 surgeons
trained in refractive surgery, using the excimer laser Am-
aris Schwind® with a repetition rate of 1050 Hz. The opti-
mized ablation option (Aberration Free®) was used in all
cases. The diameter of the optic zone was between 6.2
and 7.0 mm for LASIK, between 6.5 and 7.0 mm for PRK,
and between 6.9 and 7.2 mm for single-step transepithe-
lial photorefractive keratectomy (TransPRK) [13]. Topical
anesthesia was administered for the procedure, after
which, in PRK, the corneal epithelium was manually re-
moved with a spatula and photoablation was performed
on Bowman’s membrane and the anterior stroma. In the
case of TransPRK, the epithelium, Bowman’s membrane
and stroma were ablated in a single step, with the exci-
mer laser. In LASIK patients, a flap approximately 110 um
thick was created with a microkeratome (Hansatome®,
Bausch & Lomb Surgical Inc., Bridgewater, NJ, USA),
which was then lifted to perform photoablation directly
on the stroma.

Pre- and postoperative exams

Preoperatively and postoperatively (at least 1 month
and up to 12 months after surgery for LASIK patients, and
at least 3 months and up to 12 months later for PRK and
TransPRK patients), uncorrected distance visual acuity,
corrected distance visual acuity, slit lamp biomicroscopy,
subjective refraction, manual keratometry (OM-4°, Top-
con, Tokyo, Japan) and corneal tomographies with Galilei
G6° and MS-39° devices, were performed.

Determination of postoperative corneal power
Corneal power was determined using the CHM (con-
sidered the gold standard) and compared with the cor-
neal power obtained in various approaches, including
one always determined in clinical routine examination
(manual keratometry) and several alternatives with the
Galilei-G6° and MS-39° tomographers. Additional values
derived from the direct measurements with these devic-
es, including some using formulas obtained by linear re-
gression, were also analyzed. Similar comparisons were
also made for the mCHM, as incorporated within the
Schwind CAM program of the Amaris® excimer laser.
Each method is briefly explained below.

® Clinical History Method (CHM)

This method, applied to eyes operated on for myopic
errors, consists of subtracting from the preoperative
keratometric power, the change induced in the refrac-
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tion (that is, postoperative minus preoperative spherical
equivalent, both already adjusted to the corneal ver-
tex), to thus determine the real flattening generated to
the cornea by the surgical procedure. [4] The method is
summed up in the following formula:

Kc = Kpre - RC,

where Kc = postoperative corrected keratometry by the
CHM, Kpre = preoperative keratometry, RC = spherical
equivalent refractive change, adjusted to the corneal
vertex.

To correct the refraction for vertex distance, the follow-
ing formula was used:
Rc=Rg/I[1-(gxRqg)l,
where Rc = refraction corrected to the plane of the cor-
nea, Rg = refraction measured in the plane of the glasses,
g = distance to the corneal vertex, corresponding to the
measurement between the cornea and the back surface
of a corrective lens (generally 12 mm =0.012 m).

® Clinical History Method modified by Schwind
CAM (mCHM)

This modification of the original method is based on
the principles proposed by Holladay and Mandell, among
others, taking into account that the modification of pho-
torefractive surgery occurs almost exclusively on the an-
terior surface of the cornea, and not on its posterior sur-
face [14-16]. The modifications included in the Schwind
mCHM not only took into account the exclusive refractive
change of the anterior surface of the cornea, but also the
amount of ablated tissue, and this calculation base was
later refined considering the lensmaker equation [17-19].

@ Galilei® Tomographer
The parameters obtained from the Galilei® tomogra-
pher to determine the corneal power were the following

[12]:

- Average Simulated Keratometry (SimK): Average of ker-
atometry corneal curvature over central area of diame-
ter around 3 mm, using the keratometric index (1.3375).
The considered zone has a variable amplitude depend-
ing on the curvature of the measured cornea (it is slight-
ly larger in flatter corneas).

« Total Corneal Power (TCP): total corneal power, consid-
ering both anterior and posterior corneal surfaces, cal-
culated by ray tracing.

« Mean TCP: average total corneal power over an annulus
of central and peripheral radii of 0.5 mm and 2.0 mm,
respectively.

« Central TCP: average total corneal power over a central
area of a radius of 2.0 mm.

« Mid TCP: average total corneal power over an annulus
of central and peripheral radii of 2.0 mm and 3.5 mm,
respectively.

In addition, a parameter called Postoperative Galilei av-

erage was analyzed, calculated by obtaining the mean of
average SimK and Mid TCP.
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Finally, linear regression formulas were calculated
to predict the value estimated by the CHM, from those
measurements that included information from both the
anterior and posterior surfaces of the cornea, and which
initially did not show a statistically significant difference
when comparing their average to the estimated value
with the CHM, as well as the regression formula to predict
the value estimated by the CHM from the Postoperative
Galilei average. [4]

® MS-39° Tomographer

The parameters obtained from the MS-39° tomographer
to determine the corneal power were the following [11]:

+ Average SimK: SimK represents the simulation of the
readings that would be obtained with a keratometer,
(i.e. the mean sagittal curvature from the 4™ to the 8®
Placido ring) using the keratometric index. The consid-
ered zone has a variable amplitude depending on the
curvature of the measured cornea (it is slightly larger in
flatter corneas).

« Meridian 3 mm (3 mm K): Mean curvature for the main
meridians in the 3 mm zone of the anterior surface of
the cornea.

+ Mean Pupil Power 3 mm (MPP 3 mm): The equivalent
corneal power calculated from the corneal wavefront
related to an entrance pupil located in the position of
the patient’s pupil, for a diameter of 3 mm. Both the
measured anterior and posterior corneal surfaces are
taken into account and ray tracing is performed.

« MPP 5.5 mm: MPP determined for a diameter of 5.5 mm.

In addition, a parameter called Postoperative MS-39
average was analyzed, calculated by obtaining the mean
of average SimK and MPP 3 mm.

Finally, linear regression formulas were calculated
to predict the value estimated by the CHM, from those
measurements that included information from both the
anterior and posterior sides of the cornea, and which did
not initially show a statistically significant difference from
their average with regard to the estimated value with the
CHM, as well as the regression formula to predict the val-
ue estimated by the CHM from the Postoperative MS-39
average [4].

Statistical analysis

The correlation between the two eyes of each patient
was evaluated, using the Pearson correlation coefficient,
obtaining a value greater than 0.70, for which it was
decided to randomly select one eye per patient for this
study.

The data were analyzed with the software R version
4.1.1. A descriptive analysis was performed on the qual-
itative variables with relative and absolute frequencies,
and for the quantitative variables, measures of central
tendency and dispersion were used. For quantitative
variables, the Shapiro Francia Wilk normality test was
performed.

To determine the difference in means between the
various methods for determining corneal power, a re-



peated measures ANOVA was used, and the Bonferroni
test was applied as a post hoc test (multiple compari-
son test). The Bland-Altman graphical method was used
to establish the agreement between the methods, and
the absolute intraclass correlation coefficient (ICC) was
applied to determine the agreement between formulas.
It is considered that an ICC > 0.90 implies excellent rel-

ative reliability; an ICC between 0.75 and 0.90 implies
good reliability; an ICC between 0.50 and 0.75, implies
moderate reliability; and an ICC < 0.50, implies poor re-
liability [20,21].

After estimating postoperative corneal power with
the CHM, the difference from the actually measured
postoperative keratometry was quantified and a cor-

Table 1. Comparison of other methods versus the Clinical History Method

Mean £SD AMean £SD (D) P -value * 95% LoA (Lower; ICC
()] (versus CHM) Upper) versus CHM (D) | (vs. CHM )**

403 +2.3
mCHM (Schwind CAM) 40.8 +2.1 -0.46 +0.36 <0.001 -1.17;0.25 0.96
Pop. Mean Keratometry 40.6 £2.1 -0.29 £0.62 0.001 -1.51;0.93 0.95
Pop. Ave. SimK (Galilei) 40.5 +2.2 -0.16 £0.61 > 0.999 -1.36; 1.04 0.96
Pop. Mean TCP (Galilei) 38.9+23 1.44 +0.69 <0.001 0.07; 2.80 0.80
Pop. Central TCP (Galilei) 38.8+2.4 1.48 +0.68 <0.001 0.14; 2.81 0.79
Pop. Mid TCP (Galilei) 40.1 £2.1 0.18 +£0.88 > 0.999 -1.53;1.91 0.91
Pop. Ave. SimK (MS39) 40.8 £2.0 -0.46 +0.65 <0.001 -1.74;0.82 0.99
Pop. 3mm K average (MS39) 40.7 £2.2 -0.36 £0.58 <0.001 -1.51;0.77 0.95
Pop. MPP 3.0mm (MS39) 39.6 +2.4 0.74 £0.58 <0.001 -0.40; 1.88 0.92
Pop. MPP 5.5mm (MS39) 40.4 +2.2 -0.06 +0.68 > 0.999 -1.39;1.26 0.95
Pop. Galilei average 40.3 £2.1 0.01 £0.71 > 0.999 -1.38;1.41 0.94
Pop. MS39 average 40.2 +2.2 0.13 £0.57 > 0.999 -0.98; 1.26 0.96

D - Diopters; * P-values calculated using repeated measures ANOVA for the difference against CHM. Statistically significant values are indicated in bold; **It is
considered that an ICC > 0.90 implies excellent relative reliability; an ICC between 0.75 and 0.90 implies good reliability; an ICC between 0.50 and 0.75, implies
moderate reliability; and an ICC < 0.50, implies poor reliability [18,19]; LoA — limit of agreement, ICC - intraclass correlation coefficient, Pop. — postoperative,
CHM - Clinical History Method, mCHM — Modlified Clinical History Method. SimK — Average Simulated Keratometry, TCP -Total Corneal Power, MPP — Mean
Pupil Power, K — Keratometry

Table 2. Comparison of other methods versus the modified Clinical History Method (Schwind CAM)

Mean £SD A Mean =SD (versus P -value * 95% LoA (Lower; Upper)| ICC (versus
(»)] Modified mCHM ) (D) versus mCHM (D) mCHM )**

mCHM (Schwind CAM) 40.8 +2.1

CHM 403 +2.3 0.46 £0.36 <0.001 -0.25;1.17 0.96
Pop. Mean Keratometry 40.6 +2.1 0.16 £0.59 > 0.999 -0.99; 1.32 0.94
Pop. Ave. SimK (Galilei) 40.5 +2.2 0.29 £0.61 <0.001 -0.90; 1.50 0.95
Pop. Mean TCP (Galilei) 38.9+2.3 1.90 +0.70 <0.001 0.40;3.39 0.69
Pop. Central TCP (Galilei) 38.8+24 1.94 +£0.74 <0.001 0.47;3.40 0.68
Pop. Mid TCP (Galilei) 40.1 £2.1 0.64 +0.85 < 0.001 -1.01; 2.31 0.87
Pop. Ave. SimK (MS39) 40.8 +2.0 -0.001 £0.61 > 0.999 -1.19; 1.19 0.95
Pop. 3mm K average (MS39) 40.7 £2.2 0.09 £0.59 > 0.999 -1.08; 1.26 0.86
Pop. MPP 3.0mm (MS39) 39.6 £2.4 1.20 £0.65 <0.001 -0.09; 2.49 0.83
Pop. MPP 5.5mm (MS39) 404 +2.2 0.3 9+0.70 <0.001 -0.98;1.77 0.93
Pop. Galilei average 40.3 +2.1 0.47 +0.69 < 0.001 -0.88; 1.83 0.92
Pop. MS39 average 40.2 2.2 0.59 £0.58 < 0.001 -0.55; 1.75 0.92

D - Diopters; * P-values calculated using repeated measures ANOVA for the difference against mCHM. Statistically significant values are indicated in bold;
**|t is considered that an ICC > 0.90 implies excellent relative reliability; an ICC between 0.75 and 0.90 implies good reliability; an ICC between 0.50 and 0.75,
implies moderate reliability; and an ICC < 0.50, implies poor reliability [18,19]; LoA — limit of agreement, ICC — intraclass correlation coefficient, Pop. — po-
stoperative, CHM — Clinical History Method, mCHM - Modified Clinical History Method. SimK — Average Simulated Keratometry, TCP —Total Corneal Power,
MPP — Mean Pupil Power, K — Keratometry
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relation was plotted against the preoperative spherical
equivalent. A linear regression was also used to pre-
dict CHM estimated postoperative keratometry from
the postoperatively determined corneal data from
the tomographers. The entire data set was randomly
shuffled and divided (computer-assisted process) into
2 subsets: a training subset with 80% of the full data
set (72 eyes), and a validation subset with 20% of the
data set (18 eyes). During the fitting of the model, 69
eyes were included to calculate the regression formula
from the MPP MS-39 5.5 mm. The training dataset was
used to derive the formulas of the above-mentioned
linear regression, which were then tested on the val-
idation dataset (18 eyes). In the frame of validation,
a paired t - Student test was performed to determine
the mean difference between the expected value of
the CHM and its prediction obtained from the linear
regression, as well as an analysis of the agreement
with the Bland-Altman plot. For this study, we estab-
lished in advance, according to the judgment of the
two participating researchers, experts in refractive sur-

gery (AT and VG), that the limits of maximum clinically
acceptable differences of a given method compared to
CHM would be +/-0.50 D (i.e. a 95% limit of agreement
on the Bland Altman plot of maximum 1.00 D of am-
plitude). An alpha of 0.05 was considered as statistical
significance.

Since one of the most commonly used methods, at
least in our country, to determine corneal power in
a clinical setting is still manual keratometry, the cor-
relation between the difference of the mean manual
keratometry measured postoperatively minus the
corneal power determined by the CHM, and the mag-
nitude of the preoperative spherical equivalent, was
analyzed.

RESULTS

The differences between the CHM-derived postop-
erative corneal power and all the other approaches did
not show a statistically significant difference among the
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Graph 1. Bland-Altman plots comparing the estimated postoperative corneal power by CHM versus mCHM (top left), CHM versus Postoperative (Pop.)
mean keratometry (top right), CHM versus Pop. Average SimK (Galilei) (bottom left), and CHM versus Pop. Average SimK (MS-39) (bottom right). The
solid central horizontal black lines indicate the average bias, i.e. the average of the differences between the two methods. The mean differences in all
the comparisons were negative, i.e. CHM method estimated values were lower in average than all the other three approaches, but the difference did
not reach statistical significance with the SimK Galilei. The red dashed lines indicate the 95% limits of agreement of the differences (all of them with
arange wider than 1.00 D). The blue dashed lines denote the trend of the differences between the compared methods, and the gray areas indicate the

confidence intervals of the trends

CHM - clinical history method, mCHM - modified clinical history method (Schwind), SimK — Simulated keratometry, D - Diopters, Pop — postoperative
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three surgical techniques (LASIK, PRK and TransPRK).
Therefore, the analysis was performed by combining all
the eyes undergoing keratorefractive surgery with exci-
mer laser.

Table 1 shows the results of the comparison of corneal
power determination with CHM, versus all the other ap-
proaches. The CHM-calculated corneal power was on av-
erage flatter, with statistically significant difference, than
the mean manual keratometry and SimK from Galilei, but
it was on average steeper, with statistically significant dif-
ference, than some of the ray-traced measurements for
total corneal power with the two corneal tomographers
(Mean TCP and Central TCP from Galilei, and Postopera-
tive MPP 3.0 mm from MS-39). Only 5 of the methods did
not show statistically significant difference against CHM,
namely: Postoperative average value SimK (Galilei); Post-
operative Mid TCP (Galilei); Postoperative MPP 5.5 mm
(MS-39); Postoperative Galilei average; and Postopera-
tive MS-39 average.

Graph 1 shows the Bland-Altman plots of the com-
parison between CHM and mCHM, and also between
CHM and the most frequently used measurement for

determining central corneal power in our country, i.e.
mean manual keratometry, and SimK from both Galilei
and MS-39 tomographers. In Graph 2 comparison with
4 of the other 8 alternatives for determining postop-
erative corneal power is shown. Those with non-sta-
tistically significant differences in their average were
included.

Table 2 shows the results of the comparison of the de-
termination of corneal power with mCHM, versus all the
other approaches. The corneal power calculated with
mCHM was on average higher than that calculated with
CHM, than that measured with the manual keratometer,
although without reaching statistical significance with
the latter. mCHM calculated postoperative corneal pow-
er was also steeper, with statistically significant differ-
ence, than those obtained with the measurements made
with the two corneal tomographers, with the exception
of the SimK and 3 mm K average from MS-39. The differ-
ences between mCHM and the other methods did not
show statistical significance, except with three of them:
with postoperative mean manual keratometry; with Aver.
SimK (MS-39), and with the Postoperative 3 mm K aver-
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Graph 2. Bland-Altman plots comparing the estimated postoperative corneal power by CHM versus Postoperative (Pop.) Mid TCP Galilei (top left), ver-
sus Pop. MPP 5.5 mm MS-39 (top right), versus Pop. Galilei average (bottom left) and versus Pop. MS-39 average (bottom right).

The solid central horizontal black lines indicate the average bias, i.e. the average of the differences between the two methods. The mean differences in
all the comparisons were smaller than 0.18 D, and they did not reach statistical significance. The red dashed lines indicate the 95% limits of agreement of
the differences (all of them with a range wider than 1.00 D). The blue dashed lines denote the trend of the differences between the compared methods,

and the gray areas indicate the confidence intervals of the trends

CHM - clinical history method, TCP - Total Corneal Power, MPP — Mean Pupil Power, D — Diopters, Pop. — postoperative
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Graph 3. Bland-Altman plot comparing the estimated postoperative
corneal power by mCHM versus postoperative mean keratometry. The
mean difference was positive, i.e. nCHM method estimated values were
higher in average than postoperative mean keratometry.

The solid central horizontal black line indicates the average bias, i.e.
the average of the differences between the two methods. The mean
differences in this comparison was small (0.16 D), and it did not reach
statistical significance. The red dashed lines indicate the 95% limits of
agreement of the differences (with a range wider than 1.00 D). The blue
dashed line denotes the trend of the difference between the compa-
red methods, and the gray area indicates the confidence intervals of the
trend

mCHM — modified clinical history method (Schwind). D — Diopters, Pop. —
postoperative

age (MS-39). Graphs 3 and 4 show the Bland-Altman plots
of the comparison between mCHM with these three al-
ternatives.

Although the mean difference between CHM and post-
operative mean manual keratometry was -0.29 +0.62 D,
the manual keratometry being then, on average, high-
er than that determined by the CHM, in 26 eyes (28.9%)
the postoperative manual keratometry was lower than
that determined by the CHM, with differences of up to
+1.42 D (Graph 1, top right plot).

The correlation between the difference of the mean
manual keratometry measured postoperatively minus
the corneal power determined by the CHM, and the
magnitude of the preoperative spherical equivalent, is
shown in Graph 5. A moderate, negative correlation was
found, with a Pearson correlation coefficient (r) of -0.45
(p < 0.001). The correlation between these two param-
eters was analyzed, and not between CHM and others,
because manual keratometry is nearly universally con-
ducted during routine clinical examinations, at least in
our country.

Using data from 80% of the total eyes (n = 72), except
for the calculation involving MPP MS-39 5.5 mm, which
utilized data from 69 eyes due to model fitting con-
straints, we developed linear regression formulas. These
formulas aimed to predict values derived from the CHM

based on postoperative tomographic approaches,
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Graph 4. Bland-Altman plots comparing the estimated postoperative corneal power by mCHM versus Postoperative (Pop.) SimK MS-39 (left), and

versus Pop. 3 mm MS-39 (right).

The solid central horizontal black lines indicate the average bias, i.e. the average of the differences between the two methods. The mean differences in
these comparisons were small (-0.001 and 0.09 D), and they did not reach statistical significance. The red dashed lines indicate the 95% limits of agre-
ement of the differences (with a range wider than 1.00 D). The blue dashed lines denote the trend of the differences between the compared methods,

and the gray areas indicate the confidence intervals of the trends

mCHM - modified clinical history method (Schwind), SimK - Simulated keratometry, D — Diopters, Pop. — postoperative
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Graph 5. A scatterplot showing the relationship between the differen-
ce mean postoperative manual keratometry/ estimated corneal power
by CHM, and the preoperative spherical equivalent. The r was -0.45
(p < 0.001) and the blue line shows the trend of the correlation

CHM - clinical history method, Pop. Mean Keratometry — mean postopera-
tive manual keratometry, D — Diopters
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meeting two criteria: they included measurements of
the cornea’s posterior surface, using either of the two
tomographers, and they exhibited no statistically sig-
nificant differences in average powers compared to
the CHM-derived power. Subsequently, a validation of
them was carried out with the remaining 20% of the
eyes (n = 18). The results can be seen in Graphs 6 and 7,
and are described below:

Prediction of CHM versus that based on postoperative
mid TCP Galilei adjusted with the regression formula
(Adj. Postoperative Mid TCP Galilei) (Graph 6, top plots):
The results of the validation in the 18 eyes showed an
average value of 40.10 D with 95% Cl [39.20; 41.00],
against an expected mean with the CHM of 40.52 D with
95% Cl1[39.42;41.61], presenting a non-significant mean
difference (-0.42, p = 0.09).

Prediction of CHM versus that based on postoper-
ative MPP 5.5 MS-39 mm adjusted with the regres-
sion formula (Adj. Postoperative MPP 5.5 mm MS-39)
(Graph 6, bottom plots): The results of the validation
in the 18 eyes showed an average value of 39.86 D
with 95% Cl [38.84; 40.88], against an expected mean
with the CHM of 40.00 D with 95% Cl [39.03; 40.97],
presenting a non-significant mean difference (-0.14,
p =0.43).

CHM prediction versus that based on postoperative
Galilei average adjusted with the regression formula
(Adj. Postoperative Galilei average) (Graph 7, top plots):
The results of the validation in the 18 eyes showed an
average value of 40.07 D with 95% Cl [39.09; 41.04],
against an expected mean with the CHM of 40.52 D with

Validation model

r=0.95 (P <0.001)
35.0-, ® . : :
35.0 375 40.0 425
Adj. Pop. Mid TCP (Galilei) (D)
Validation model
45.0 =

r=0.93 (P <0.001)

35.0 375 40.0 425 45.0
Adi. Popn. MPP 5.5 mm (MS-39) (D)

Graph 6. Scatter diagram, regression line and regression equation relating estimations done by CHM versus postoperative (Pop.) Mid TCP Galilei, in the
training model (top left), which showed an R2 = 0.86 and r = 0.93, and in the validation model using the regression formula (Adj. Pop. Mid TCP Galilei)
(top right), r = 0.95; and estimations done by CHM versus postoperative MMP 5.5 mm MS-39, in the training model (bottom left), which showed an
R2 =0.95 and r = 0.97, and in the validation model using the regression formula (Adj. Pop. MMP 5.5 mm MS-39) (bottom right), r = 0.93

CHM - clinical history method, Pop. — postoperative, D - Diopters
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95% Cl [39.42; 41.61], presenting a significant mean dif-
ference (-0.45, p = 0.02).

CHM prediction versus that based on postoperative
MS-39 average adjusted with the regression formula
(Adj. Postoperative MS-39 average) (Graph 7, bottom
plots): The validation results in the 18 eyes showed
a mean value of 40.11 D with 95% Cl [39.06; 41.15],
against an expected mean with the CHM of 40.52 D with
95% Cl [39.42; 41.61], presenting a significant mean dif-
ference. (-0.41, p = 0.02).

The agreement was also analyzed, with the Bland-Al-
tman plot, between the values obtained with these
four approaches with the corneal tomographers, al-
ready adjusted with the respective regression formula
(Graph 8).

DISCUSSION

There are three sources of error in calculating intra-
ocular lens power after refractive surgery. The first is
related to the inaccurate measurement of the radius of
central curvature determined by keratometers or the
SimK determined by corneal topographers [1,2]. These
devices perform a paracentral measurement in a zone
approximately 3.0 mm in diameter, assuming that each
meridian within this zone is nearly spherical. However,
they do not contemplate changes in asphericity gen-
erated by laser ablation, so they tend to overestimate
power in corneas operated on for myopia, where the
central area is flatter than the paracentral one, and un-

Training Model

CHM = 1.01 (Pop. Galilei Average) - 0.59
R2=0.91
r=0.95 (P <0.001)

35.0 375 40.0 425
Pop. Galilei Average (D)

Training Model

450~

CHM = 1.00 (Pop. MS-39 Average) + 0.01
405- R2=094
r=0.97 (P <0.001)

35.0- i ; ;
35.0 375 40.0 425
Pop. MS-39 Averaae (D)

35.0-

derestimate it in corneas operated on for hyperopia,
where the central area is steeper than the paracentral
one. Another error factor is determined by the use of
the keratometric index (1.3375), which does not work
well in these patients because, by modifying the ante-
rior corneal surface but not the posterior, the closeness
with a standard relationship between both surfaces is
lost, invalidating its use. And finally, the last source of
error corresponds to the inaccurate prediction of the
effective position of the lens due to the weight that
keratometry has in this process within the third-gener-
ation biometric formulas (Hoffer Q, Holladay 1, SRK/T),
which leads to an underestimation, in cases of myopic
ablation, and an overestimation, in cases of hyperopic
ablation, of the position where the intraocular lens will
be located after cataract surgery [1,2].

In the present study, when comparing Holladay’s CHM
versus the mCHM with the Bland-Altman plot, a nega-
tive bias was found in general, indicating that the value
estimated by the CHM was lower than that calculated
by the modified method. However, in addition, a posi-
tive trend of the differences was observed as the mag-
nitude of the estimated corneal power increased, that
is, in the flatter corneas a greater difference was noted
between the two approaches (Graph 1). Comparing the
CHM with the average postoperative keratometry in the
Bland-Altman plot, a negative bias of -0.29 D was found,
as expected, but with very wide 95% limits of agree-
ment (-1.51 to +0.93 D), which are outside the maximum
determined by the authors as clinically non-significant.
In addition, the regression of the differences showed

Validation model

r=0.94 (P <0.001)

35.0 375 40.0 425
Adj. Pop. Galilei Average (D)

Validation model

r=0.95 (P <0.001)

35.0 375 40.0 425
Adi. Pop. MS-39 Averace (D)

Graph 7. Scatter diagram, regression line and regression equation relating estimations done by CHM and Postoperative (Pop.) Galilei average, in the
training model (top left), which showed an R2 = 0.91 and r = 0.95, and in the validation model using the regression formula (Adj. Pop. Galilei average)
(top right), r = 0.94; and relating estimations done by CHM and postoperative MS-39 average, in the training model (bottom left), which showed an
R2=0.94 and r=0.97, and in the validation model using the regression formula (Adj. Pop. MS-39 average), r = 0.95 (bottom right)

CHM - clinical history method, Pop. — postoperative, Adj. — Adjusted with the regression formula, D - Diopters
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a positive trend that crossed zero, i.e. in the flatter cor- try, it was observed that the small bias, with a positive

neas, the postoperative keratometry measurement value of 0.16 D, did not reach statistical significance
overestimated corneal power more than in the steeper (Graph 3 and Table 2). This finding (a positive differ-
corneas (Graph 1). In addition, the differences between ence) diverges from theoretical expectations, which
postoperative manual keratometry and CHM estimation suggests that measured postoperative mean keratom-
did not consistently show an overestimation of corneal etry would overestimate the actual postoperative cor-
power by the first approach, since in almost one-third neal power following a myopic excimer laser ablation.
of the eyes (28.9%), postoperative manual keratometry Consequently, the average difference between mCHM
after myopic ablation was flatter than that estimated by (assumed to reflect the true corneal power) and the
the CHM. This might imply that manual keratometry af- mean postoperative corneal power should theoreti-
ter refractive surgery could be less reliable. Additional cally be negative.
studies are required in this regard. The correlation be- The agreement between the power estimated by the
tween the difference of the mean manual keratometry CHM and four other methods that included measure-
measured postoperatively minus the corneal power de- ments of both the anterior and posterior surfaces of
termined by the CHM, and the magnitude of the preop- the cornea, performed by a tomographer, and that did
erative spherical equivalent, showed only a moderate, not show statistically significant differences in their av-
negative correlation (Pearson’s correlation coefficient erage with respect to the estimated value by the CHM,
[r] of -0.45), with an evident dispersion of values along was analyzed. In addition, similarly to what was done
the spectrum of preoperative magnitude of the spheri- by Jaramillo et al. with the Sirius® device (CSO, Flor-
cal equivalent (Graph 5). ence, Italy) [2], and, as we also observed in the present
On the other hand, upon examining the agreement study with the MS-39® and the Galilei®, a tendency of
between mCHM and postoperative mean keratome- SimK measurements to overestimate corneal pow-
O . SO 5” ___________
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Graph 8. Bland-Altman plots comparing the estimated postoperative corneal power by CHM versus Adj. Pop. Mid TCP Galilei (top left), versus Adj. Pop.
MPP 5.5. mm MS-39 (top right), versus Adj. Pop. Galilei average (bottom left), and versus Adj. Pop. MS-39 average (bottom right). The solid central ho-
rizontal black lines indicate the average bias, i.e. the average of the differences between the two methods. The mean differences were 0.42 and 0.14 D
for the comparisons of CHM with Adj. Pop. Mid TCP Galilei and Adj. Pop. MPP 5.5. mm MS-39, which did not reach statistical significance. The mean
differences were 0.44 and 0.41 D for the comparisons of CHM with Adj. Pop. Galilei average and Adj. Pop. MS-39 average, which reached statistical signi-
ficance. The red dashed lines indicate the 95% limits of agreement of the differences (all of them with a range wider than 1.00 D). The blue dashed lines
denote the trend of the differences between the compared methods, and the gray areas indicate the confidence intervals of the trends

CHM - clinical history method, Pop. — postoperative, Adj. — Adjusted with the regression formula, D - Diopters
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er, and an opposite tendency of total corneal power
measurements, we coined a variable averaging these
measurements for each of the devices (Postoperative
Galilei average and Postoperative MS-39 average). For
all these mentioned approaches, in the Bland-Altman
plots the mean differences with respect to the CHM es-
timate were low (less than 0.18 D), and clinically insig-
nificant, but they had very wide limits of agreement,
almost all in both directions greater than 1.0 D, which
limits its clinical utility, since they cannot really be con-
sidered equivalent to CHM when analyzing a given eye
(Graph 2).

The construction of linear regression formulas was
carried out, in order to explore the ability to predict the
value estimated by the CHM by modifying with these
formulas some of the parameters measured by the cor-
neal tomographers (which included the evaluation of
the anterior and posterior sides of the cornea) or the av-
erages of two of these measurements from each device
(Postoperative Galilei average and Postoperative MS-39
average). Although the values of R, which determines the
strength of the relationship between the model and the
dependent variables, were very high, 0.93 t0 0.98, and the
averages of the differences in the model validated with
a group of eyes, were low and could considered clinical-
ly acceptable (0.14 to 0.45 D), again in the Bland-Altman
plots the 95% limits of agreement were too wide, almost
all exceeding 1.0 D in both directions, exceeding the tol-
erance established by the authors to be considered clini-
cally non-significant.

Lekhanont et al., in their study where they compared
postoperative measurements obtained after photo-
refractive surgery with the Orbscan 11z°® and the Pen-
tacam®, found statistically significant differences be-
tween almost all of them with respect to the CHM, and
in which no significant difference was detected (Pen-
tacam® EKR at 3.0 mm) the 95% limits of agreement on
the Bland-Altman plot were excessively wide (greater
than 2.0 D in each direction) [8]. Although our results
were less disparate, and the differences we found
were smaller, we agree with those researchers that,
due to the dispersion of the data and excessive limits
of agreement, which exceed the clinically acceptable
range of agreement, any direct measurement of corne-
al power after photorefractive surgery should be taken
with great caution.

This does not mean that it is not possible to use
some of these measurements or their modifications as
additional data for the determination of corneal power
when required (particularly with the Galilei®: the mid
TCP and the mid TCP adjusted with the regression for-
mula, and of the MS-39® the MPP MS-39 5.5 mm and
the MPP MS-39 5.5 mm adjusted with the regression
formula, as well as the Galilei average and the MS-39
average). For example, when a patient with a history
of photorefractive surgery is going to undergo cata-
ract surgery, the corneal power determined by one of
these approaches could be entered in a newer gener-
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ation biometric formula (Barrett Universal Il, Hill- RBF-
3.0, Kane, Pearl DGS, etc.) to calculate the power of the
intraocular lens to be implanted. However, these re-
sults must be correlated with other methods that have
been described to determine this power after refrac-
tive surgery. It should also be kept in mind, however,
that in these cases after photorefractive surgery, there
will always be a greater chance of clinically significant
residual error after cataract surgery (in two recent
studies almost 30% of eyes ultimately had residual er-
rors > 0.50 D) and this should be advised to patients
[22-24].

One of the limitations of this study is that the sample
size was relatively small. In addition, all the eyes were
operated on to correct myopia or myopic astigmatism,
with the Amaris Schwind® excimer laser, with the Aber-
ration Free® profile, and therefore their results may not
be directly extrapolated to eyes operated on with oth-
er platforms, or for hyperopic refractive errors or mixed
astigmatism.

CONCLUSION

While some measurements from the Galilei® corneal to-
mographers (mid TCP) and MS-39° (MPP MS-39 5.5 mm),
along with averages derived from various measurements
using these devices, including those adjusted by linear
regression formulas, closely approached the anticipated
postoperative corneal power value based on the CHM,
caution is warranted. This is attributed to the wide lim-
its of agreement, suggesting that these calculations may
lack precision for a specific eye.

Future studies, with larger samples and patients oper-
ated on with different equipment, are needed to com-
pare several more methods of estimating corneal power
after excimer laser surgery, to try to define the best ap-
proach to measuring or estimating it.
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SOUHRN

Cil: Porovnat funk¢ni a anatomické vysledky mezi technikou invertovaného laloku a konven¢nim odstranénim interni limitujici membrany (ILM) pfi
operacnim feseni idiopatickych makularnich dér (IMD).

Metodika: Retrospektivné jsme hodnotili anatomické a funkcni vysledky u 67 oci 65 pacientd operovanych pro IMD. Pacienti byli operovéni bud' tech-
nikou konven¢niho peelingu ILM (prvni skupina), nebo technikou invertovaného laloku ILM (druhd skupina). Do prvni skupiny bylo zafazeno 43 oci 41
pacientl, do druhé skupiny 24 oci 24 pacient(. K operaci jsme indikovali pouze pacienty s IMD stadia 2-4 dle Gasseho klasifikace. Pfed a dva mésice po
operaci byla vzdy stanovena nejlépe korigovana zrakova ostrost (ZO). Déle bylo provedené srovnani obou technik podle prdmérného zisku pismen po
operaci a efekt operace byl zhodnocen pomoci OCT, zda doslo k uzavieni IMD. U obou technik byla provedena 25G PPV s tamponadou SF6.
Vysledky: U konvencniho odstranéni ILM doslo k uzavieni diry u 41 oci. U jednoho oka nedoslo k uzavieni diry ani po reoperaci stejnou technikou.
Median zisku pismen ETDRS byl 7,0. ZO zUstala stejna u 2 oci (4,7 %), v 7 ptipadech (16,2 %) se ZO zhorsila a ve viech ostatnich pfipadech doslo k jejimu
zlepseni (79,0 %). U 16 o¢i (37,2 %) se ZO zlepsila o 2 a vice fadkd ETDRS optotypt. U invertovaného flapu doslo k uzavieni diry u viech 24 sledovanych
oci. Median zisku pismen ETDRS byl 9,5. ZO zUstala stejna u 2 o¢i (8,3 %), ve 2 pFipadech (8,3 %) se ZO zhorsila a ve viech ostatnich ptipadech doslo k je-
jimu zlepseni (83,3 %). U 12 oci (50,0 %) se ZO zlepsila o 2 a vice fadk ETDRS optotypu. Peropera¢né a pooperacné nebyly Zadné zavazné komplikace.
Zaveér: Nase studie prokazala bezpecnost a ucinnost obou metod. Pfestoze vysledky nebyly statisticky signifikantni, technika invertovaného laloku
méla oproti konvencni technice peelingu ILM v nasem souboru o¢i vétsi zisk pismen ETDRS (9,5 vs. 7,0) a pocet uzavienych dér (100 % vs. 95,3 %).
Klicova slova: makularni dira, 25gauge vitrektomie, MLI peeling, invertovany lalok, trypanova modf, plynové tamponada

SUMMARY
COMPARISON OF TECHNIQUES: INVERTED FLAP AND CONVENTIONAL INTERNAL
LIMITING MEMBRANE REMOVAL IN IDIOPATHIC MACULAR HOLE SURGERY

Aim: To compare functional and anatomical outcomes between the inverted flap technique and conventional removal of the internal limiting mem-
brane (ILM) in the surgical management of idiopathic macular hole (IMH).

Material and methods: We retrospectively evaluated the anatomical and functional results in 67 eyes of 65 patients operated on for IMH. The patients
were operated on either using the conventional ILM peeling technique (first group) or with the inverted ILM flap technique (second group). 43 eyes
of 41 patients were included in the first group, 24 eyes of 24 patients in the second group. We indicated for surgery only patients with IMH stage 2-4
according to the Gasse classification. Best corrected visual acuity (VA) was always determined before and two months after surgery. Furthermore,
a comparison of both techniques was made according to the average letter gain after surgery, and the effect of surgery was evaluated using OCT with
regard to whether IMH closure succeeded. For both techniques, 25G PPV with SF6 tamponade was performed.

Results: Hole closure took place in 41 eyes with conventional ILM removal. In one eye, the hole did not close even after reoperation with the same
technique. Median ETDRS letter gain was 7.0. VA remained the same in 2 eyes (4.7%), worsened in 7 cases (16.2%), and improved in all other cases
(79.0%). In 16 eyes (37.2%), VA improved by 2 or more lines of ETDRS charts. Using the inverted flap technique, the hole was closed in all 24 monitored
eyes. Median ETDRS letter gain was 9.5. VA remained the same in 2 eyes (8.3%), worsened in 2 cases (8.3%), and improved in all other cases (83.3%). In
12 eyes (50.0%), VA improved by 2 or more lines of ETDRS charts. There were no serious complications intraoperatively or postoperatively.
Conclusion: Our study demonstrated the safety and efficacy of both methods. Although the results were not statistically significant, the inverted flap
technique recorded a greater ETDRS letter gain (9.5 vs. 7.0) and proportion of closed holes (100% vs. 95.3%) compared to the conventional ILM peeling
technique in our set of eyes.

Key words: macular hole, 25-gauge vitrectomy, MLI peeling, inverted flap technique, trypan blue, gas tamponade
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Idiopatickd makuldrni dira (IMD) je pojem definujici
foveolarni sitnicovy defekt v pIné tloustce od membra-
na limitans interna (ILM) az po zevni segmenty fotore-
ceptorq, ktery vede k centralnimu skotomu (Obrazky
1 a 2). Onemocnéni je podminéno vékem, nejcastéji
jej diagnostikujeme mezi 60. az 70. rokem Zivota. Zeny
jsou postizeny trikrat ¢astéji nez muzi [1]. V 11,7 % pfi-
padl se mlze vyskytovat bilaterdlné [1]. Riziko rozvoje
IMD na druhém oku je kolem 9,1 % v pribéhu 6 let [2]
a je signifikantné vy3si pfi pretrvavajici vitreomakularni
trakci (VMT) [3]. Incidence IMD je pfiblizné 7,8 pfipadu
na 100 000 obyvatel za rok [1]. Gassova klasifikace roz-
déluje IMD na 4 stadia. V 1. stadiu je defekt neuplny, vét-
sinou je pacient asymptomaticky, v ostatnich stadiich
defekt dosahuje pIné tloustky fovey. Ve 2. stadiu je IMD
pod 400 um, ve 3. stadiu nad 400 um. V prvnich tfech
stadiich pretrvava VMT.

Ve 4. stadiu je IMD jakékoliv velikosti, u které doslo ke
kompletni separaci zadni sklivcové membrany. K ope-
ra¢nimu fedeni jsou indikovany IMD v 1. stadiu, které
jsou symptomatické a vsechny IMD od 2. stadia. Zlatym
standardem operace IMD je bezstehova 25G pars plana
vitrektomie (PPV) s peelingem ILM. Anatomickd Uspés-
nost operace IMD je 93-98 % [4-6]. Nicméné u dér nad
400 pm Uspésnost dosahuje pouze 40-80 % [7].

Vroce 2010 Michalewska a kol. poprvé popsali techniku
invertovaného laloku ILM pro 1é¢bu velkych makularnich
dér (MD). Zjistili, ze jejich technika dosahla lepsich ana-
tomickych a vizualnich vysledk( ve srovnani s konvenc-
nim peelingem ILM [8]. V poslednich letech nékolik studii
naznacilo, ze technika invertovaného laloku ILM muze
byt ucinnéjsi pro lé¢bu velkych makularnich dér nez kon-
vencni peeling ILM [9-11]. V pfipadé dér pod 400 um jsou
vysledky obou technik srovnatelné [12,13].

Cilem nasi prace je porovnani funkcnich a anatomic-
kych vysledkd mezi technikou invertovaného laloku ILM
a konven¢nim odstranénim ILM u idiopatickych makular-
nich dér na nasem pracovisti.

Obrazek 1. Fotografie makuldrni diry (Zeiss Clarus 700)

MATERIAL A METODIKA

Design studie a charakteristika souboru

Retrospektivné jsme vyhodnotili anatomické a funkéni
vysledky u pacientd, ktefi byli v obdobi od prosince 2019
do ledna 2024 operovani na Oc¢ni klinice Lékarské fakul-
ty Univerzity Palackého a Fakultni nemocnice Olomouc
pro IMD. Od prosince 2019 do ledna 2023 byli vSichni
pacienti operovani technikou konvencniho peelingu
ILM (prvni skupina) a nasledné az do konce sledované-
ho obdobi jenom technikou invertovaného laloku ILM
(druhd skupina). Celkem se jednalo o 67 oci 65 pacientd.
Do prvni skupiny bylo zafazeno 43 oci 41 pacientl pra-
mérného véku 71,1 let (43-85), do druhé skupiny 24 oci
24 pacientt pramérného véku 70,1 let (59-88). K operaci
jsme indikovali pouze pacienty s IMD stadia 2-4 dle Ga-
sseho klasifikace. U kazdého pacienta jsme pred operaci
vysetfili nejlepsi korigovanou zrakovou ostrost (ZO) na
ETDRS optotypech. Na Stérbinové lampé jsme vysetfili
predni segment, biomikroskopicky jsme zhodnotili ndlez
na zadnim segmentu oka. Standardni soucasti vysetieni
kazdého pacienta bylo rovnéz provedeni OCT (Heidel-
berg Spectralis) a méfeni nitroo¢ni tenze bezkontaktnim
tonometrem (TX-20P Full Auto Tonometer). Stejné spek-
trum vysetfeni jako pfed operaci bylo provedeno také na
pooperacni kontrole, kterou jsme provedli za dva mési-
ce. Za anatomicky Uspéch jsme povazovali stav, kdy do-
$lo k uzavreni okrajl MD. Funkéni uspéch byl stanoven
ziskem pismem ETDRS. Vylouceni byli vsichni pacienti
se sekundarnimi typy MD, s 1. stadiem IMD, pokrocilou
glaukomovou neuropatii, maturni kataraktou, keratopa-
tii snizujici ZO a stfedné pokrocilou a pokrocilou vékem
podminénou makularni degeneraci.

Operacni technika

Pacienti byli operovani jednim chirurgem (MH) pomo-
ci bezstehové 25G PPV. Po zavedeni trokard transkon-
junktivalné pres pars plana byla provedena jadrova vit-
rektomie nasledovand ablacizadni sklivcové membrany.
Peeling ILM (pfip. také pfitomné epiretinalni membra-

Obrazek 2. OCT snimek makularni diry 4. stadia (Heidelberg
Spectralis OCT)
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ny) byl proveden pomoci mikropinzety. Ke snazsi identi-
fikaci membran byla pouzita trypanova modr, kterd byla
aplikovana do sklivcového prostoru. Rozsah peelingu
ILM byl 2-3 PD (papila diameter) v priméru. U techniky
konven¢niho peelingu ILM poté néasledovala sukce ob-
sahu MD. V pfipadé techniky invertovaného laloku ILM
byl ponechan lalok z ILM na okraji MD, ktery se nezkra-
coval a dale se s nim nemanipulovalo, sukce obsahu MD
poté nebyla provedena. Pfed ukoncenim vykonu byla
zkontrolovana periferie sitnice za Ucelem detekce trh-
lin pomoci skleralni indentace. Ve vsech pfipadech byla
pouzita tamponada SF6. Vsechny vykony byly provede-
né v retrobulbarni anestézii. Po operaci bylo doporuce-
no udrzovat hlavu v pronacni poloze 3 dny, s nejvétsim
dlrazem na dodrzeni této polohy prvnich 24 hodin po
operaci.

Statisticka analyza

K analyze dat byl pouzit software IBM SPSS Statistics for
Windows, Version 23 (Armonk, NY: IBM Corp.). Pro porov-
nani skupin podle typu operace v kvantitativnich para-
metrech byl pouzit Mann-Whitney U test. V kvalitativnich
parametrech byly skupiny porovnany pomoci Fisherova
pfesného testu (Fisher’s exact test). Normalita dat byla
testovana Shapiro-Wilk testem. VSechny testy byly pro-
vedeny na hladiné signifikance 0,05.

Tabulka 1. Porovnani skupin pacientd podle véku a velikosti makularni diry

- Invertovany lalok ILM Konvenc¢ni peeling ILM

69,0
352

70,1
370

Vék v dobé operace

Velikost diry v um
ILM — membrana limitans interna

59-88
128-688

VYSLEDKY

Nebyl prokdzan signifikantni rozdil mezi skupinami pa-
cientl podle véku v dobé operace,

podle velikosti diry (Tabulky 1 a 2), podle pohlavi, late-
rality oka a stavu ¢ocky (Tabulka 3).

Obé skupiny jsou ve zminénych parametrech rovno-
cenné.

Anatomického uUspéchu, tedy plného uzavéru MD,
bylo dosazeno u 41 o¢i (95,3 %) technikou konvenéniho
peelingu ILM a u viech 24 oci (100 %) operovanych me-
todou invertovaného laloku ILM. Nebyl prokazan sig-
nifikantni rozdil mezi skupinami pacientl ve vysledku
operace (Tabulka 4). Posouzeni funk¢niho efektu ope-
race pfi pouziti techniky konvenéniho peelingu ILM je
v Tabulce 5 a pfi pouziti metody invertovaného laloku
v Tabulce 6.

V obou skupinach bylo prokazano signifikantni zvyseni
poctu pismen po operaci

(p < 0,0001). ZO u prvni skupiny z(stala stejna
u 2 oci (4,7 %), v 7 pripadech (16,2 %) se ZO zhorsila
a ve vsech ostatnich pripadech doslo k jejimu zlepSeni
(79,0 %). U 16 oci (37,2 %) se ZO zlepsila o 2 a vice radku
ETDRS optotyp0.

U druhé skupiny ZO zlstala stejna u 2 oci (8,3 %),
ve 2 pripadech (8,3 %) se ZO zhorsila a ve viech ostat-

P-hodnota
73,0 71,1 43-85 0,185
381 377 46-724 0,784

Tabulka 2. Porovnani skupin pacientd rozdélenych do tfi velikostnich kategorii makularnich dér

Invertovany lalok ILM Konvenc¢ni peeling ILM

Velikost
MD

Mala (pod 250 pm)
Stfedni (mezi 250-400 pm)
Velka (nad 400 um)

6
10

ILM — membrana limitans interna, OD — pravé oko, OS - levé oko, MD — makuldrni dira

Tabulka 3. Porovnani skupin podle pohlavi, operovaného oka a stavu ¢ocky

Invertovany lalok ILM Konvenc¢ni peeling ILM
rec Lo pote e

Pohlavi Muzské
Zenské
oD

0S

Cira
Katarakta

Artefakie
ILM — membrana limitans interna, OD — pravé oko, OS - levé oko

Lateralita

Stav cocky
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17
9
15
4
14
6

333 % 32,6 %
25,0 % 11 25,6 % 0,997
41,7 % 18 41,9%

P-hodnota
29,2 % 27,9% 0913
70,8 % 31 72,1 % '
37,5% 24 55,8 % o151
62,5 % 19 44,2 % '
16,7 % 12 27,9 %
58,3 % 12 27,9% 0,050
25,0 % 19 44,2 %



nich pfipadech doslo k jejimu zlepseni (83,3 %). U 12 oci $i pramérny zisk pismen u techniky invertovaného la-

(50,0 %) se ZO zlepsila o 2 a vice fadkl ETDRS optotypd. loku ILM, ale vysledky nebyly statisticky signifikantni

Signifikantni rozdil mezi skupinami nebyl prokazan ve (Tabulka 8).

zméné poctu pismen po operaci (Tabulka 7). Na konci operace viechny sklerotomie tésnily dosta-
Obé skupiny jsme rozdélili do tfech podskupin na teCné a nebylo je tedy nutné zasivat. V pooperac¢nim

zakladé velikosti MD (malé do 250 um, stfedni mezi obdobi jsme hypotonii nezaznamenali. Peroperacni ¢i

250-400 pm a velké nad 400 um) a porovnali rozdil pooperacni komplikace jsme v tomto souboru nezazna-

v zisku pismen ETDRS. Ve v3ech podskupinach byl vét- menali.

Tabulka 4. Porovnani skupin pacientd podle anatomickych vysledkl operace

Invertovany lalok ILM Konvencni peeling ILM
P-hodnota
roi e pe | o

Vysledek Neuzaviena MD 0,0% 4,7 %

operace Uzaviena MD 24 100,0 % 41 95,3 %
ILM — membrana limitans interna, MD — makuldrni dira

0,533

Tabulka 5. Posouzeni funkéniho efektu operace pfi pouziti techniky konvencniho peelingu ILM

NKZO - poéet pismen Konvencni peeling ILM Wilcoxonv parovy test

Pred operaci 47,0 43,7

Po operaci 51,0 52,4 1 75
ILM — membrana limitans interna, ETDRS — Early Treatment Diabetic Retinopathy Study, NKZO — nejlépe korigovand zrakovd ostrost

<0,0001

Tabulka 6. Posouzeni funkéniho efektu operace pfi pouziti techniky invertovaného laloku ILM

NKZO - pocet pismen Invertovany lalok ILM Wilcoxontiv parovy test

Pred operaci 45,0 39,9

Po operaci 5235 51,0 2 77
ILM — membrana limitans interna, ETDRS - Early Treatment Diabetic Retinopathy Study, NKZO - nejlépe korigovand zrakovd ostrost

0,0001

Tabulka 7. Porovnani skupin pacientl podle poctu pismen pred operaci, po operaci a jejich rozdil

Invertovany lalok ILM Konvencni peeling ILM
NEOPOSEIPEMENEIOY [ regign | pramer | Min-max | Wedian | Pramer | Min-max | """

Pred operaci 45,0 39,9 2-60 47,0 43,7 2-69 0,175
Po operaci 53,5 51,0 2-77 51,0 52,4 1-75 0,804
Rozdil po operaci 9,5 11,0 -8az +27 7,0 8,5 -16 az +48 0,127

ILM — membrana limitans interna, ETDRS - Early Treatment Diabetic Retinopathy Study, NKZO - nejlépe korigovand zrakovd ostrost

Tabulka 8. Porovnani podskupin pacientt podle rozdilu NKZO v poctu pismen ETDRS po operaci
Rozdil NKZO v poétu pismen Invertovany lalok ILM Konvencni peeling ILM

s edian | Pramér | Min-max | Wedian | Pramer | Min-max | """

IMD do 250 um

9,0 10,5 -1 az+27 9,5 8,0 -16 az +20 0,811
IMD mezi 250 a 400 um

13,5 11,2 -8az+23 1,0 53 -4az+18 0,226
IMD nad 400 um

9,5 11,4 0-27 4,5 10,8 -7 az +48 0,401

ILM — membrana limitans interna, IMD - idiopatickd makuldrni dira, ETDRS — Early Treatment Diabetic Retinopathy Study, NKZO - nejlépe korigovand zrakovd
ostrost
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DISKUZE

Kelly a kol. prokézal, ze zlep3eni ZO je pfimo zplisobeno
uzdvérem MD [14]. K dosaZeni tohoto cile je nutno zvolit
na zakladé kvalitnich dlkazl nejlepsi moznou dostup-
nou techniku operace MD. Konvenc¢ni peeling ILM, jako
novou metodu sanace MD, poprvé predstavil Park a kol.
v roce 1999 [15]. Odstranéni ILM se stalo nezbytnym chi-
rurgickym krokem pfi vétsiné operaci MD. Umoznilo vy3si
pravdépodobnost uzavieni MD a snizilo vyskyt recidivy
[16-18]. Pro jeho ucinnost se rozsifilo spektrum indikaci
na lécbu daldich makularnich onemocnéni [15,19-20]. Nic-
méné u narocnych piipadd, jako jsou velké MD (> 400 um)
a makuldrni diry spojené s vysokou kratkozrakosti, jsou chi-
rurgické vysledky obvykle horsi. [21]. V téchto pfipadech
je snaha o co nejrozsahlejsi peeling ILM, kterym se mUze
pokryt az celd makula pro zvyseni flexibility tkdné s cilem
uzaviit MD. Fyziologické dopady excesivniho peelingu ne-
byly plné studovény, ale existuji diikazy o anatomickych
nasledcich, jako jsou poskozeni a smrstovani Miillerovych
bunék, asymetrické posunuti makuly (dolt a/nebo nazal-
né), ztenceni temporalni sitnice, snizeni vzdalenosti mezi
foveou a zrakovym nervem, naruseni vrstvy nervovych vla-
ken zrakového nervu, mikroskotomy [8,22-23]. Také bylo
popsano zhorseni funkce sitnice v parafoveolarni oblasti
3 mésice po operaci ve smyslu prodlouzeni doby vedeni
vnéjsimi vrstvami sitnice na ERG [24]. Zhruba o 10 let poz-
déji byla navrzena modifikovand technika peelingu ILM
autort Michalewska a kol. pro 1é¢bu velkych makularnich
dér. Ofiznuty lalok peelované ILM byl ponechan pfipoje-
ny k okrajum diry a preklopen na jeji povrch. Pfedpokla-
danym mechanismem ucinku je indukce gliézy sitnice
zevniti makuldrni diry lalokem ILM (slouZici jako ,leseni”)
k zvyseni pravdépodobnosti uzavieni MD. Tento pfistup,
kromé odstranéni vsech trakcnich sil z povrchu sitnice,
umoznuje vétsi Setfeni ILM a potencialné snizeni nékte-
rych dusledkd rozsédhlého peelingu [8, 25]. Michalewska
a kol. uvadéji 98% miru anatomického Uspéchu u velkych
MD (> 400 pum) [8]. V pfipadé dér pod 400 um jsou vysled-
ky obou technik ve svétové literatufe srovnatelné [12-13].
Zasadni vyznam pro uzavér MD ma nitroo¢ni tampondada
a pooperacni polohovani [6]. Neexistuji zddné presvédci-
vé dlikazy, které by upfednostnovaly pouziti dlouhodobé
pusobiciho plynu pred kratkodobé plsobicim plynem pfi
operaci makularnich dér [26]. Ve studii Modi a kol. autofi
nenasli Zadny statisticky signifikantni rozdil v mife dosa-
zeného anatomického uspéchu, zlepseni pooperacni ZO
a pooperacnich komplikaci (zvy3eni nitroo¢niho tlaku, vy-
skyt glaukomu a tvorba vizualné vyznamného zkaleni ¢o¢-
ky) mezi tamponadou SF6 a C3F8, bez ohledu na stadium,
velikost a dobu existence diry [26].

Nicméné volba dlouhodobé plisobiciho plynu zpozdi
zrakovou rekonvalescenci o 4-6 tydn( po operaci. Na nasi
klinice u operaciIMD vzdy volime kratkodobé pusobici SF6.
Stale nejasnd zlstava potieba trvani tamponady, a tedy
i polohovani, které je pro pacienta obvykle velmi naro¢né
a neprijemné [6]. Nejcastéji se setkdvame s doporucenim
pronacni polohy hlavy, a to po dobu 3-14 dn( [6,27-28].
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Na naSem pracovisti se pacienti standardné polohuji 3 dny
v pronacni poloze. V pfipadé vaznych muskuloskeletalnich
potizi dobu polohovani individualizujeme. MD 1. stadia,
pokud nejsou symptomatické, bézné k operacnimu feseni
neindikujeme. Navic je zde i riziko, Zze pooperacné dojde
k rozvoji plného defektu [6]. V rozsahlé multicentrické stu-
dii sledujici vysledky PPV u MD v 1. stadiu se plnd makular-
ni dira vytvofila u 37 % oci po PPV ve srovnani se 4 % odi,
které byly randomizovany do skupiny k observaci [6,29].
Do ledna 2023 jsme operovali IMD jenom technikou kon-
vencniho peelingu ILM. Na zakladé vysledkd poslednich
studii a mezindrodnich zkuSenosti, u kterych je minimalné
v pripadé velkych dér nad 400 pm technika invertované-
ho laloku ILM 0¢innéjsi [9-11], jsme od Unora 2023 presli
na techniku invertovaného laloku ILM, kterou operujeme
vdechny pacienty s IMD bez ohledu na jeji velikost. V trvani
operace, v bezpecnosti a ani v naro¢nosti provedeni mezi
technikami nenachdzeji nasi chirurgové zadny vyznamny
rozdil. Cilem této studie bylo ovéfit nase rozhodnuti o pre-
ferovani techniky invertovaného laloku ILM. Nami ziskana
data poukazuji na prdmérné vétsi zisk pismen ETDRS ve
vsech velikostnich kategoriich IMD (Tabulka 8) a vétsi miru
uzavieni IMD (Tabulka 4) u techniky invertovaného laloku
ILM, coz podporuje nase rozhodnuti. Vysledky nebyly ale
signifikantni. Silnymi strankami studie je, Ze vSechny ope-
race vykonal pouze jeden chirurg, vysetfeni nejlépe kori-
gované ZO pred a po operaci provadél zkuseny persondl
a na zhodnoceni UspésSnosti operace byl pouzit snimek
OCT. Naopak slabinami nasi studie byla velikost vzorku,
jeji retrospektivni charakter, pacienti nebyli randomizova-
ni a provadélo se manualni méreni velikosti diry na OCT
snimku, u kterého mohlo dochazet ke zkresleni velikosti
na individudlni bazi. V obou skupinach byli i pacienti s ka-
taraktou, ktera po operaci mohla sniZzovat nejlépe korigo-
vanou ZO a interferovat s vysledky. Pro snizeni dopadu
na kvalitu studie jsme porovnali percentudlni zastoupeni
rznych stavl ¢ocky (artefakie, ¢ird cocka a katarakta) mezi
skupinami a rozdil v zastoupeni nebyl signifikantni (Tabul-
ka 3). Zaroven pokrocilé katarakty se operovali jesté pred
samotnou operaci IMD. Pravé velikost vzorku mohla byt
hlavni pficinou nesignifikantnich vysledkd. Dalsi klinicky
vyzkum s rozsifenym souborem pacienti by mohl pfinést
definitivnéjsi odpovéd' na to, kterd technika je Ucinné;si
a v jaké situaci.

ZAVER

Nase studie prokazala, ze obé metody jsou bezpecné
a ucinné. V nasem souboru pacient(l byl vétsi prdmér-
ny zisk pismen ETDRS ve v3ech velikostnich kategoriich
a vétsi mira dosazeného anatomického Uspéchu u tech-
niky invertovaného laloku ILM. Vysledky v3ak nebyly
statisticky signifikantni, pravdépodobné z dlivodu malé
velikosti souboru. Dalsi klinické studie jsou nutné pro zis-
kani definitivni odpovédi na to, kterd technika je vhod-
né&jsi pro operaci IMD. Nase vysledky jsou srovnatelné se
svétovou literaturou.
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SUMMARY

Aim: This research was conducted to determine the normal values of choroidal thickness in healthy individuals and to evaluate the relationship be-
tween this thickness and age, gender, refraction, axial length and average macular thickness using OCT.

Material and Method: In the study, the right eyes of 400 healthy individuals (234 women, 166 men) between the ages of 4 and 70 years, who applied
to the Department of Ophthalmology outpatient clinic for examination, were evaluated.

Results: Macular thickness, macular volume, and foveal thickness were found to be 249.12 £21.32 pm, 9.98 £0.5 um3 and 280 +13.45 pm, respectively.
According to linear regression analysis, a negative correlation was detected between age and subfoveal choroidal thickness (p < 0.05). It was deter-
mined that foveal thickness, retinal volume and average retinal thickness were higher in men, and foveal thickness increased with age (p < 0.05).
Conclusion: As a result of the research, it was determined that age is an important factor affecting choroidal thickness. It is thought that, in future,
improving in vivo imaging of the choroid and measuring choroidal thickness using OCT will facilitate understanding of the pathophysiological basis of
many ophthalmological diseases.

Key words: Cirrus HD-OCT, choroidal thickness, central macular thickness, age
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INTRODUCTION

The choroidal layer, extending from the ora serrata to
the optic nerve head, is a vascularized and pigmented
structure that carries oxygen and metabolites from the
outer segment of the retina and the prelaminar region
of the optic nerve [1]. The choroidal layer absorbs excess
light due to the melanocytes contained in the retinal pig-
ment epithelium and acts as a cooler by absorbing the
heat generated in many physiological events.

A structurally and functionally intact choroidal tissue
is vital for retinal functions. Abnormal choroidal blood
flow can cause photoreceptor dysfunction and death
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in the retina [2]. Studies have reported that the choroi-
dal layer plays important roles in the pathophysiology
of many diseases, such as central serous retinopathy,
age-related macular degeneration, pachychoroid dis-
ease, pathological myopia, and Vogt-Koyanagi Harada
[3-6]. Therefore, a clear and accurate definition of the
changes in this layer is extremely important in the cor-
rect evaluation of many posterior segment diseases.
However, since the structures in the choroidal tissue are
not arranged in layers in a certain order as in the retina
and do not have different reflection properties as in the
retina, it has for a long time not been possible to eval-
uate them in detail like the retina. In addition, it is very



difficult to obtain full-thickness images and therefore
there are many difficulties in obtaining information from
the cross-sectional anatomy of the choroid [7]. Until re-
cent years, a method that provides detailed information
about the actual choroidal thickness and morphology,
which allows obtaining in-vivo cross-sectional images
about the anatomy of the retinal pigment epithelium
and choroidal layer by detecting choroidal vascular ab-
normalities and changes in blood flow, has not been
developed. In previous years, indocyanine green angio-
graphy, Laser Doppler flowmetry and B-scan ultraso-
nography were used to evaluate cross-sectional images
of the choroid [8]. However, the expected benefit could
not be achieved, because the resolution of the images
obtained was not at the desired level, different sections
could not be obtained after each evaluation, and their
poor repeatability [9]. Currently, the Optical Cohe-
rence Tomography (OCT) technique, a non-invasive and
non-contact method that provides high resolution in
cross-sectional imaging of tissues and plays an import-
ant role in the diagnosis and follow-up of many macu-
lar diseases, optic nerve diseases and glaucoma, has
been developed. OCT is a non-invasive retinal imaging
method that enables reliable, fast, reproducible and ob-
jective examinations [10]. With OCT, retina, optic nerve
head, peripapillary retinal nerve fiber layer (RNFL) and
ganglion cell complex (GHC) thicknesses can be evalu-
ated both quantitatively and qualitatively, and are used
in the diagnosis and follow-up of many neuro-ophthal-
mological diseases [11]. The literature review revealed
that choroidal thickness varies according to ethnicity,
but it was determined that there are very limited studies
on this subject. In addition, very few studies have been
found investigating choroidal thickness, central macu-
lar thickness and axial length depending on age among
populations [8-11]. In this regard, this study aims to de-
termine choroidal thickness values with Cirrus HD-OCT
in healthy individuals between the ages of 4 - 70 years
in the Turkish population, to evaluate the relationship
of these measurements with age, gender, refraction and
axial length (AL), and also to evaluate the relationship
between macular thickness and choroidal thickness.

MATERIAL AND METHOD

Research Location

This research was conducted on the right eyes of 400
healthy individuals, (234 females and 166 males), ran-
domly selected, aged 4-70 years, who applied to the
Ophthalmology Polyclinic of xxxx University Faculty of
Medicine between July 2013 and February 2014 (Proto-
col No: 2013/-09).

Research Design

Patients were divided into 6 age groups: 4-20 years,
20-30 years, 30-40 years, 40-50 years, 50-60 years and
60-70 years. After a complete ophthalmological exami-

nation, including fundus examination, axial length mea-
surements [average of 3 measurements were taken] were
made on the right eyes of each individual with Nidek AL-
Scan optical biometry [Nidek CO, LTD.] All measurements
were repeated 3 times at different times by the same
researcher. Finally, the average of 3 measurements for
all parameters was taken. In children aged 4-18 years, 3
drops of 1% cyclopentolate were instilled into the eye at
5-minute intervals and cycloplegic refraction was mea-
sured 20-35 minutes later, while in adults aged 19-70
years, non-cycloplegic refraction was measured with
a TopCon KR-8800 autorefractometer. Choroidal thick-
ness and macular thickness (macular 512x128 A-scan)
were measured with Cirrus HD-OCT (Carl Zeiss Meditec,
Dublin, CA, USA). The average macular volume and thick-
nessand central foveal thickness were measured by macu-
lar scanning performed with OCT. With choroid scan-
ning, central choroidal thickness, 100 pm nasal, 300 um
nasal, 100 um temporal and 300 um temporal choroidal
thickness from the fovea were measured manually by the
same person and on the same day.

In summary, the following measurements were made
in the research:

Axial length (AL), Spherical equivalent (SE) subfo-
veal choroidal thickness (SFCC), 1 mm temporal choroidal
thickness (TA), 1 mm nasal choroidal thickness (N1), 3 mm
temporal choroidal thickness (T3), 3 mm nasal choroidal
thickness (N3), foveal thickness (FT ), retinal volume (RV),
mean retinal thickness (MRT).

Inclusion Criteria

* Best corrected visual acuity 1.0 according to Snellen
chart,

* Absence of ocular pathology other than refractive
error,

* Spherical equivalentin the range of +6 -6 diopters [D],

e Cup/discratio < 0.5,

* Cup/disc asymmetry ratio between both eyes < 0.2,

* Absence of any systemic pathology that may or may
not affect vascular structures.

Exclusion criteria

* High refractive errors [spherical equivalent > +6 D,
astigmatism > 3 D],

* Presence of strabismus and amlyopia,

* Retinal-optic disc anomalies and systemic disease.

Ethics Committee

Approval from the local Ethics Committee was ob-
tained. The Informed Consent form was read and signed
by the adult individuals and the child patients them-
selves or their parents.

Statistical analysis

All measurements were repeated three times at dif-
ferent times by the same researcher. Measurements
with good centralization, no artifacts, and signal quali-
ty of 8 or above were considered valid. Data analysis
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was done with SPSS 21.0 for Windows (SPSS Inc., Chica-
go, IL, USA). Descriptive statistics were shown as mean,
standard deviation, median, minimum, maximum
for continuous variables, and nominal variables were
shown as number of patients and (%). Whether there
was a statistically significant relationship between mac-
ular/choroidal measurements and age, axial length,
spherical equivalent and gender was investigated
using Pearson’s correlation test and simple linear re-
gression analysis. Choroidal thicknesses, foveal thick-
nesses and volumes according to gender were inves-
tigated by independent t- test. The paired t- test was
used to determine the difference between subfoveal,
nasal 1 mm, nasal 3 mm, temporal 1T mm, temporal
3 mm choroidal thicknesses. One-way ANOVA analy-
sis was used to determine the difference in choroidal
thickness between decades. Results for p<0.05 were
considered statistically significant.

RESULTS

Of the 400 healthy individuals included in this study,
234 were female (58.1%) and 166 were male [41.2%];
The average age was determined as 28.85 +£17.05 mm.
AL, foveal thickness, retinal volume and mean retinal
thickness were found to be higher in men than in wom-
en (p < 0.05). Table 1 presents no statistically significant
difference found between men and women in terms of
subfoveal choroidal thickness, temporal 1T mm choroidal
thickness, nasal 1 mm choroidal thickness, temporal 3
mm choroidal thickness, and nasal 3 mm choroidal thick-
ness (p > 0.05). (Table 1).

It was determined that the spherical equivalent
showed a statistically significant difference between de-
cades. There was a shift towards hyperopia from the 2
decade to the 6" decade, and there was a decrease in the

Table 1. Variation of research parameters between genders

(Age 37.85+17.05
E 0.4+139

2349 +1.03
249.12 42132
e 280 +13.45

349.45 +56.32
333+51.81

(v 335.11 +49.96
340.56 +51.07
(N3] 341.21 +46.92

Tests: independent t test and paired t test, P < 0.05

AL value. It was also reported that there was an increase
in foveal thickness with age (p < 0.05).

A statistically significant difference was detected in
terms of choroidal thickness between decades. When
all thickness values are considered, the highest choroi-
dal thickness values were seen in the 1st decade (SFCC
394.87 £8.12,T1395.50+8.80, N1 395.1 3 +8.20,T3 391.06
+7.07, N3 390.63 +£6.82) and the lowest choroidal thick-
ness values were in the 2™ decade (SFCC 313.18 +4.30,
T1 302.43 £4.90, N1 306.51 +4.57, T3 310.79 £4.75, N3
315.08 £4.50). Table 2 presents that the choroidal thick-
ness was observed to decrease from the 3 decade to the
6™ decade (Table 2).

According to linear regression analysis, a negative cor-
relation was detected between age and subfoveal cho-
roidal thickness (r: -0.385, p < 0.05).

DISCUSSION

OCT gives a quantitative and qualitative estimate of
static choroidal structure, rather than full choroidal blood
flow. Interpretation of age-related choroidal changes is
based on the assumption of changes in choroidal thick-
ness secondary to hemodynamic alteration at the micro-
structural level. Imaging the choroid and measuring its
thickness can be done by using SD-OCT, an increased
depth imaging technique, and averaging multiple B-scan
signals at the same position. Our research was conduct-
ed to evaluate age-related changes in the choroidal
layer with OCT in order to assist in the treatment of neuro-
ophthalmological diseases.

Spaide et al., who measured choroidal thickness
with OCT for the first time, found the average subfo-
veal choroidal thickness to be 318 um in the right eye
and 335 um in the left eye [12]. In subsequent studies,
it was reported that the average subfoveal choroidal

L Tl | Female | mae | P

36.66 +1.06 39.33+1.15 227
-0.55+0.12 -0.64 +0.13 .982
23.48 +£0.07 24.07 £0.08 .00
247.78 £1.60 258.26 +1.86 .00

9.91 £0.04 10.11 £0.04 .006
278.04 £1.04 283.67 £1.23 .004
332.11 £3.84 332.17 £5.06 824
331.32 £3.90 335.57 £5.26 .643
33.86 £3.78 336.80 +4.95 922
339.23 £3.95 343.84 £5.13 670
339.69 £3.76 344.39 +4.48 541

AL - Axial length, SE - Spherical equivalent, SFCC - subfoveal choroidal thickness, T1— 1 mm temporal choroidal thickness, N1 - 1 mm nasal choroidal thickness,
T3 - 3 mm temporal choroidal thickness, N3 — 3 mm nasal choroidal thickness, FT — foveal thickness, RV - retinal volume, ORK — mean retinal thickness



thickness varied between 270.82-332 um [13-16]. In
studies conducted on the Turkish population, it has
been stated that this value varies between 287.66-
326.00 um [17-19]. The average subfoveal choroidal
thickness was found to be 349.45 um in all groups
in our study. It was determined that our results were
compatible with the literature, but were higher than
other studies conducted in the Turkish population.
There are many studies stating that the differences in
the results of the studies are due to the different soft-
ware used, differences in the light source of OCT, eth-
nic differences, age, refractive error and axial length
differences in the patient profile. We consider it an
advantage that our study was conducted with a large
number of patients who were completely healthy,
within a wide age range, and whose refractive error
range was kept narrow. Previous studies conducted in
the Turkish population did not include such a wide age
range and number of patients. Previous studies con-
ducted in Turkish society were conducted in the age
range of 20-80 (n = 100-250) and the average AL
varied between 23.41-26.78 [11,17,18].

A topographic change in choroidal thickness occurs.
Itis usually maximum at the fovea or just above/tempo-
ral to the fovea. The thick choroid serves as a metabolic
sink for the highly active foveal area [20]. According to
our research findings, the choroid is thicker in the sub-
foveal region than in the nasal and temporal regions.
While Wakatsyuki et al. stated that the choroid is thick-
estin the subfoveal area and that the thickness decreas-
es towards the nasal region [21], Bhayana et al. reported
that the choroidal thickness in the subfoveal region is
higher than the choroidal thickness in both the tempo-
ral and nasal regions, and that the choroidal thickness in
the nasal region is higher in the temporal and subfoveal
regions. They reported that it was thinner than the cho-

Table 2. Changes in research parameters according to decades

roidal thickness in the region [20]. These results show
us that regional measurement of choroidal thickness is
another useful value for monitoring changes in choroi-
dal thickness.

In this study, in line with the literature, it was determined
that age was the parameter that had the most impact on
SFCC, and that there was a decrease in choroidal thickness
with increasing age, especially after the 3 decade. Studies
have shown that SFCC decreases by 1.2-3.5 um every year,
and this decrease is much more evident after the age of
60 [22-24]. In addition, in our research, the thickest choroi-
dal layer measurement was determined in the 1 decade
and the thinnest choroidal layer measurement was deter-
mined in the 2" decade. A decrease in choroidal thickness
values is observed starting from the 3 decade. We think
that this difference is due to the predominance of hyper-
opic refraction error in the first decade and myopic refrac-
tion error in the second decade.

Refraction error is one of the most effective parameters
on choroidal thickness. As the axial length increases, it
causes myopia, and as it decreases, it causes hyperopia.
Ikuno et al. stated that the choroidal thickness in high-de-
gree myopes is three times thinner than in normal eyes,
and that the choroidal thickness decreases by 9.3 um for
every 1 diopter decrease in refractive error [25]. Shin et al.
also found that there is a correlation between refractive
error and choroidal thickness (13.6 um thinning in cho-
roidal thickness for each diopter) [15]. In our study, al-
though we evaluated all age groups, we could not detect
a statistically significant relationship between refractive
error and SFCC. We think that the reason for this is that
the refractive error range of the eyes we included in the
study was kept narrow [-4 D — +4 D]. The fact that the
lens thickness decreases relatively in eyes with long axial
length, and that the lens thickness increases in eyes with
short axial length, and that the lens grows throughout

| e | ndecade | ndsate | adcade | sdocade | samote | P

10.30 +0.44

24.66 +0.34

34.53 £0.35

44.20 +0.39

53.60 +0.53

64.62 +0.34

.000

34.75 18 17.5 165 9 4.25 457
EXE o0::010  -132:017  090%0.16 045014  031:017  150%031  .000
23094097  2397+012  2375+0.11 2356009  2357+0.14 2322015  .000
242354180 24972+248 253.154274 253434242 253.65+289  25387+633  .000
9934004 996007 10084005  997+007 10074007  9.87+0.15  .246

MRT 27827+133  280.11+167 282324160 27976+1.69 28251+1.80 276314417  .226
B :o:c7:512 313182430 341.01+066 338294603 32008+7.69 319.11+812  .000
39550+8.80 30243+490 34647 +607 342004630 323774794 322294880  .000
I 305 3:820 30651+457 344804570 343584591 32886830  326.18+9.38  .000
391.0647.07 31079+475 356204546 351534693 333534792 32694+10.17 .000
I :o063:682 31508+450 355404555 349234573  331.81+698 33576+10.81 .000

Test: Oneway ANOVA, P < 0.05

AL - Axial length, SE - Spherical equivalent, SFCC - subfoveal choroidal thickness, T1— 1 mm temporal choroidal thickness, N1 - 1 mm nasal choroidal thickness,
T3 - 3mm temporal choroidal thickness, N3 — 3 mm nasal choroidal thickness, FT - foveal thickness, RV — retinal volume, MRT — mean retinal thickness
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life, was also shown in our study, and it was thought that
this situation may be one of the emmetropization me-
chanisms developed by the eye itself.

Gender-related differences in axial length and intra-
ocular pressure have been reported in previous studies
[26,27]. In addition, gender-related changes in retinal
thickness have been reported in studies conducted with
OCT [28,29]. These structural and physiological differen-
ces between males and females have been attributed to
hormonal effects, or the wider eyes of men [16,30]. It is
thought that gender and hormonal exposure may affect
choroidal blood flow, due to estrogen receptors found in
the human choroid [26,28]. In studies including Chinese,
Japanese, Iranian, British, white and black American pop-
ulations, no significant difference in choroidal thickness
was detected between males and females [28-30]. In our
study, a statistically significant difference was observed
between males and females in terms of AU, foveal thick-
ness, retinal volume and average retinal thickness, and
AU was found to be higher in males.

CONCLUSION

As aresult, it seems that the parameter that affects cho-
roidal thickness the most is age. Researchers have just be-
gun to study choroidal thickness, and more information
is needed to understand choroidal abnormalities. The
pathophysiology behind choroidal changes should be
additionally investigated with a flow-based study, rather
than purely structural evaluation. Scan-derived OCT and
OCT angiography, a recent addition to choroidal imag-
ing tools, may provide new information about choroi-
dal changes in hypertensive individuals in future larger
prospective comparative studies. In addition, there is no
consensus on whether the area showing high scattering
behind the choroidal vessels is exactly the chorioscleral
area. Scanning the scleral surface using polarized-sensi-
tive 1-um swept-source OCT may provide more accura-
te results [77]. In the future, improving in vivo imaging
of the choroid and measuring choroidal thickness using
OCT will facilitate the differential diagnosis of many
ophthalmological diseases.
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SOUHRN

Cil: Zhodnotit vysledky lécby implantatem dexamethasonu Ozurdex® (DEX) u pacientt s diabetickym makularnim edémem (DME) v realné klinické
praxi. Zjistit korelaci mezi zndmymi OCT biomarkery a efektem [é¢by.

Material a metodika: Do retrospektivni studie bylo zafazeno 42 o¢i u 33 pacientt (16 Zen, 17 muz() [é¢enych DEX na oc¢ni klinice LF UP a FN Olomouc
v indikaci DME v letech 2020 az 2023. Kontrolni vysetfeni probéhla 1, 3 a 6 mésicli po prvni aplikaci DEX. Hlavni sledované parametry byly: nejlépe
korigovana zrakova ostrost (NKZO), nitroo¢ni tenze (NT), CRT, OCT biomarkery. Vysledky sledovani byly nasledné statisticky vyhodnoceny.

Vysledky: Na prvni kontrole po aplikaci DEX doslo k poklesu CRT v prliméru o 186 £146 pm a zisku pismen v priméru 3 £7 pismen. Pozitivni morfologicka
a funk¢ni responze byla u 39 (92,9 %) a 23 oci (54,8 %). Biomarker DRIL (dezorganizace vnitfnich vrstev sitnice) byl vstupné pfitomny u 41 oci (97,6 %),
k redukci az vymizeni po aplikaci doslo u 13 o¢i (31 %). U oci s EZ disrupci (dezorganizace elipsoidni zény) byla priimérna vstupni NKZO 49,6 pismen, ve
skupiné bez tohoto biomarkeru 57,8 pismen. U naivnich o¢i byl po aplikaci primérny zisk +8,7 pismen, u jiz Ié¢enych o¢i +2,1 pismen. Chronicky DME
byl méné ¢asty u naivnich (n =1, 14,3 %) nez lé¢enych odi (n = 28, 84,8 %). VSechny tyto vysledky byly statisticky vyznamné (p < 0,05). K elevaci NT po
aplikaci DEX doslo u 9 pacientt (21,4 %).

Zavér: Nase vysledky potvrdily DEX jako bezpecnou a uc¢innou moznost |é¢by DME. Naivni pacienti dosahovali lepsich funkénich vysledkd. Potvrdili
jsme dezorganizaci elipsoidni zény (EZ disrupce) jako negativni biomarker. Zarover jsme prokazali schopnost DEX redukovat dezorganizaci vnitinich
vrstev sitnice (DRIL).

Klicova slova: diabeticky makularni edém, OCT biomarkery, dexamethason, Ozurdex

SUMMARY
INTRAVITREAL DEXAMETHASONE IMPLANT IN THE TREATMENT OF DIABETIC
MACULAR EDEMA FOCUSING ON THE ROLE OF OCT BIOMARKERS

Objective: The aim of this study was to evaluate the outcomes of Ozurdex® (DEX) implant in patients with diabetic macular edema (DME) in real-world
clinical practice, and to determine the correlation between known OCT biomarkers and the effect of treatment.

Material and Methods: This retrospective study included 42 eyes of 33 patients (16 women, 17 men) treated with DEX at the Department of
Ophthalmology, Faculty of Medicine and Dentistry of Palacky University and University Hospital Olomouc for DME indication between 2020
and 2023. Follow-up examinations were conducted at 1, 3, and 6 months after the first DEX application. The main assessed parameters were:
best-corrected visual acuity (BCVA), intraocular pressure (IOP), central retinal thickness (CRT), OCT biomarkers. The results were subsequently
statistically evaluated.

Results: At the first follow-up after DEX application, there was an average decrease in CRT of 186 +146um and a gain of 3 +7 letters. Positive morpho-
logical and functional responses were observed in 39 eyes (92.9%) and 23 eyes (54.8%) respectively. The disorganization of retinal inner layers (DRIL)
biomarker was initially present in 41 eyes (97.6%), with reduction or disappearance observed in 13 eyes (31%) post-application. Eyes with ellipsoid
zone disruption (EZ disruption) had an average initial BCVA of 49.6 letters, compared to 57.8 letters in the group without this biomarker. The mean
gain in BCVA was +8.7 letters in treatment-naive eyes and +2.1 letters in previously treated eyes. Chronic DME was less frequent in treatment-naive
(n =1, 14.3%) compared to previously treated eyes (n = 28, 84.8%). All these results were statistically significant (p < 0.05). An increase in IOP post-DEX
application occurred in 9 patients (21.4%).

Conclusion: Our results confirm DEX as a safe and effective treatment option for DME. Treatment-naive patients achieved better functional outcomes.
We confirmed ellipsoid zone disruption (EZ disruption) as a negative biomarker. Additionally, we demonstrated the capacity of DEX to reduce disorga-
nization of the retinal inner layers (DRIL).

Key words: diabetic macular edema, OCT biomarkers, dexamethasone, Ozurdex
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Diabeticky makularni edém (DME) se vyskytuje u zhruba
7 % pacientU s diabetes mellitus (DM). V pribéhu 10 let od
stanoveni diagndzy diabetu se DME rozvine u 20 % pacien-
td s DM 1. typu a 25 % pacientd s DM 2. typu [1]. Neléce-
ny DME vede béhem dvou let u priblizné 50 % pacientt ke
zhorSeni zrakové ostrosti (ZO) o 2 a vice fadka [2]. Vzhledem
k neustéle se zvysujici prevalenci a ndrdstu poctu komplika-
ci se DM stava hlavni pfi¢inou zavazné ztraty zraku u popu-
lace v produktivnim véku [3]. V Ceské republice byl v roce
2017 jeden milién nemocnych s DM a v pfistich letech se
predpoklada nardst o 30 % [4].

Mezi lécebné moznosti DME se mimo jiné fadi farmako-
logicka nitroocni intravitredlni 1é¢ba (kortikoidy, anti-VEGF).
Ze skupiny kortikoid(l jsou aktudlné pouzivané molekuly
triamcinolon acetonid, fluocinolon acetonid a dexametha-
son. Dexamethason je dostupny jako intravitredlni im-
plantat Ozurdex’ (AbbVie Deutschland GmbH & CoKG,
Ludwigshafen, Némecko), dale jen DEX. Jedna se o biodegra-
dabilni 1ék s dlouhodobym uvolhovanim a Uc¢inkem pfiblizné
2-6 mésicl. Implantat obsahuje 0,7 mg dexamethasonu [5].

Za zlaty standard lé¢by DME jsou v soucasné dobé po-
vazovany aplikace anti-VEGF a kortikoidy jsou vétsinou
nasazovany jako lék druhé volby u pacientl s perzistuji-
cim chronickym DME s nedostate¢nou odpovédi na an-
ti-VEGF [6,7]. Cilem recentnich studii je individualizace
Ié¢by DME a snaha selektovat vhodné pacienty, ktefi by
benefitovali z aplikaci DEX [1].

V diagnostice a hodnoceni DME se uplatfuje zejména op-
tickd koheren¢ni tomografie se spektralni doménou (OCT).

HRF IRC

EZ disrupce

Obrazek 1. Schéma OCT biomarker( u diabetického makularniho edému

Pomoci OCT Ize posoudit konkrétni znaky, které Ize vyuzit
jako prediktory odpovédi na l1é¢bu DEX [1]. Spravné vyhod-
noceni a znalost téchto tzv. biomarkerd mize poskytnout
zasadni informaci pro vhodnou volbu lé¢by.

Cilem naseho sledovani bylo zhodnotit Ucinek lécby
intravitredlné podavanym DEX implantatem u pacient(
s DME v redIné klinické praxi a stanovit pfinos OCT biomar-
ker(l jako moznych prognostickych prediktor(.

MATERIAL A METODIKA

Design studie a charakteristika souboru

Retrospektivni studie zahrnuje pacienty s DME, u kte-
rych byla na O¢ni klinice FN Olomouc od zafi 2020 do &er-
vence 2023 zahdjena lé¢ba pomoci DEX, sledovani téchto
pacientl pokracovalo do prosince 2023.

Kritéria pro zafazeni byla: DME, alespon jedna aplikace
DEX a délka sledovani nejméné 3 mésice po prvni apli-
kaci. Vylucujici kritéria byla: makularni edém pfi jiné o¢ni
patologii (vékem podminéna makularni degenerace, reti-
ndaIni vendzni okluze, uveitida, choroidalni neovaskularni
membrana), laserova fotokoagulace (LFK), nitroo¢ni chi-
rurgie a lé¢ba jinym intravitrdInim prepardtem v pribéhu
a 3 mésice pred zahajenim lé¢by DEX, operace katarakty
v pribéhu a 6 mésicl pred zahajenim lécby. Naivni paci-
enti byli definovani jako pacienti, ktefi doposud nepod-
stoupili zadnou 1é¢bu intravitrealnim preparatem. DME
trvajici déle nez 2 roky byl klasifikovan jako chronicky.

Celkem bylo do sledovani zafazeno 42 oci 33 pacien-
th (16 zen, 17 muzd) ve véku 53 az 87 let (median 71,5).

Biomarkery: DRIL — dezorganizace vnitinich vrstev sitnice; HRF — hyperreflexni loZiska; IRC — intraretindlni cysty; EZ disrupce — porucha kontinuity elipsoidni
z06ny; SRF - subretindlni tekutina; VMA/VMT - vitreomakuldrni adheze/vitreomakuldrni trakce

Vrstvy sitnice: PHM — zadnésklivcovd membrdna; ILM — vnitini limitujici membrdna; RNFL — vrstva nervovych vidken; GCL — vrstva gangliovych bunék;
IPL - vnitini plexiformni vrstva; INL — vrstva bipoldrnich bunék; OPL - zevni plexiformni vrstva;, ONL - vnitini segmenty fotoreceptord; ELM — zevni limitujici
membrdna; PL (EZ, 1Z) - zona elipsoid(, zevni segmenty fotoreceptorti a zona interdigitace; RPE - retindIni pigmentovy epitel; CH - choroidea
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Priimérna vstupni hodnota glykovaného hemoglobinu
(HbA1c) byla 62,3 mmol/mol. Zakladni charakteristiky
souboru jsou uvedeny v Tabulce 1.V souboru pfevazova-
li pacienti s DM 2. typu, artefakické oci a chronicky DME.
Vétsina oci (n = 35, 83,3 %) byla dfive l1é¢ena jinym in-
travitrealnim preparatem (triamcinolon acetonid 26 odi,
ranibizumab 10 oc¢i, aflibercept 5 oci).

Metodika
Pfed zahajenim lé¢by byla odebrana podrobna o¢nii cel-
kovd anamnéza a zaznamenana aktualni hodnota HbA1c.

Tabulka 1. Charakteristika souboru

n Procento

Celkem 42 100,0 %
Fakia 12 28,6 %
Naivni 7 16,7 %
Diabetes

1.typ 6 14,3 %
2.typ 36 85,7 %
PDR 7 16,7 %
Chronicky DME 29 74,4 %
Stp. LFK makuly 15 357 %
Stp. PPV 9 21,4%
Elevace NT 9 21,4 %

n — pocet oci; fakia — oci s vlastni cockou; naivni — oci, které doposud
nepodstoupily Zddnou lécbu intravitredlInim prepardtem; PDR - proliferativni
diabetickd retinopatie; DME - diabeticky makuldrni edémy; stp. LFK makuly
— oci, které drive absolvovaly laserovou koagulaci makuly; stp. PPV — oci po
provedené pars plana vitrektomii; NT - nitroocni tlak

Kontroly pacientd probihaly 1, 3 a 6 mésicl po aplikaci.
U 5 pacientt bylo tolerovano vynechani kontroly po 1 mé-
sici a prvni kontrola probéhla do 3 mésicli od zahdjeni [é¢-
by. Kontrola pul roku po aplikaci probéhla u 32 oci (76 %).
U pacientt byla na kontrolach vysetfena nejlepsi korigova-
na zrakova ostrost na ETDRS optotypu (NKZO), provedeno
detailni oftalmologické vy3etteni v arteficialni mydridze na
Stérbinové lampé, méfeni nitroo¢niho tlaku (NT) bezkon-
taktnim tonometrem (Canon TX-20P), vyhodnoceno OCT
(Spectral Domain, Heidelberg Engineering, Némecko).

OCT analyza (Hodnoceni OCT snimkd upraveno dle Vu-
josevic et al. [8])

Vyhodnoceni OCT snimkU provadél jeden oftalmolog.
Centrdlni retinalni tloustka (CRT) byla mérena jako cen-
tralni tloustka sitnice v um pomoci automatické analyzy
softwaru pfistroje. U ostatnich OCT biomarkerG byla of-
talmologem hodnocena pfitomnost a zména manudlné
vzdy pred zahajenim |é¢by a na prvni kontrole po aplikaci
(Obrazky 1 a 2).

Intraretindlni velké cysty (IRC) byly manualné méreny
kaliperem softwaru OCT pfistroje v oblasti 3 mm cen-
trované na foveu, kritérium byl primér cyst > 250 um.
Dezorganizace vnitinich vrstev sitnice (DRIL) byla hod-
nocena jako absence rozlisitelné hranice mezi vrstvou
gangliovych bunék a vnitfni plexiformni vrstvou v oblasti
1 mm centrované na foveu. Pfitomnost hyperreflexnich
lozisek (HRF) byla sledovana v oblasti rozsahu 3 mm cen-
trované na foveu. Jedna se o ostfe ohrani¢ené malé tec-
kovité léze intenzity obdobné retindlnimu pigmentové-
mu epitelu (RPE). Subretinalni tekutina (SRF) hodnocena
jako pfitomnost tekutiny mezi RPE a sitnici v oblasti 1 mm
centrované na foveu. Porucha kontinuity elipsoidni zény

Obrazek 2. Chronicky diabeticky makularni edém (Heidelberg Spectralis OCT)
DRIL - dezorganizace vnitinich vrstev sitnice; HRF — hyperreflexni lozZiska; IRC - intraretindini cysty; EZ disrupce — porucha kontinuity elipsoidni zény;
SRF - subretindlni tekutina; VMA - vitreomakuldrni adheze
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(EZ disrupce) byla hodnocena v oblasti 1 mm centrované
na foveu. Déle byl sledovan stav vitreoretinalniho roz-
hrani: odlouc¢eni sklivce (PVD), vitreomakularni adheze
(VMA) a vitreomakularni trakce (VMT).

Pacienti byli rozdéleni na dva podsoubory — naivni a jiz
[é¢ené. Pozitivni morfologickd responze byla stanovena
jako pokles CRT o = 10 %. Pozitivni funk¢ni responze jako
zlepseni NKZO o > 5 pismen do 3 mésict od prvni apli-
kace. V opacném pripadé byl pacient hodnocen jako tzv.
non-responder.

Intravitredlni aplikace probéhly za aseptickych podmi-
nek dle aktualnich standard(l zdravotni péce pracovisté
(Obrazky 3 a 4). Vsichni pacienti pred aplikaci podepsali
informovany souhlas. Protokol studie dodrzoval zasady
Helsinské deklarace.

Statisticka analyza

K analyze dat byl pouzit statisticky software IBM SPSS
Statistics verze 23 (Armonk, NY: IBM Corp.). K posouzeni
zmény CRT a zmény NKZO 3 mésice po aplikaci byl pou-
Zit Wilcoxonav parovy test. Vyznamnost zmény OCT bio-
marker( byla analyzovdna pomoci McNemarova testu.
Zavislost mezi CRT, NKZO a hladinou HbA1c, resp. vékem
byla posouzena pomoci Spermanovy korela¢ni analy-
zy. K porovnani skupiny s pozitivni a negativni funkéni
responzi v kvalitativnich parametrech byl pouzit Fishe-
rav exaktni test. K porovnani podskupin dle PVD, resp.
EZ disrupce v kvantitativnich parametrech byl pouzit
Mann-Whitney U test. Normalita kvantitativnich para-
metr( byla posouzena pomoci Shapiro-Wilkova testu.
VSechny testy byly délany na hladiné signifikance 0,05.

VYSLEDKY

Morfologicka responze
Anatomicky vysledek Ié¢by ukazuji Tabulka 2 a Graf 1.
Na prvni kontrole po aplikaci DEX doslo k nejvyraznéjsi-

mu poklesu CRT, a to v priméru o 186 um (p < 0,0001).
Nasledné doslo k opétovnému nardstu CRT, ale efekt
[écby pretrvaval i pul roku od aplikace (p < 0,05). Pozi-
tivni morfologicka responze byla zaznamenana u 39 oci
(92,9 %). Byla prokazana negativni slaba az stfedné silna
zavislost mezi zménou CRT po aplikaci a vékem pacien-
th. U mladsich pacientd byl pokles CRT na prvni kontrole
vétsi (r=-0,382).

Funk¢ni responze

Funkéni efekt 1é¢by shrnuji Tabulka 3 a Graf 2. Na prvni
kontrole po aplikaci doslo k signifikantnimu zisku v pramé-
ru +3 pismena (p = 0,001). Pozitivni funk¢ni responze byla
zaznamenana u 23 oci (54,8 %). Ve skupiné s pozitivni od-
povédi na Ié¢bu bylo signifikantné vice naivnich oci (n=7,
30,4 %) nez ve skupiné non-respondert (0 %, p =0,01).

OCT biomarkery

IRC byly vstupné pfitomné u 42 oci (100 %), po aplikaci
doslo ke kompletnimu vymizeni u 11 o¢i (26,2 %), k re-
dukci doslo u 26 oci (62 %). DRIL byl vstupné pFitomny
u 41 oci (97,6 %), po aplikaci doslo ke statisticky vyznam-
né redukci az vymizeni u 12 oci (28,6 %, p = 0,0005). HRF
byly vstupné pfitomné u 42 oci (100 %), po aplikaci doslo
k redukci u 8 oci (19 %). EZ disrupce byla vstupné pii-
tomna u 30 oci (71,4 %), po aplikaci doslo ke komplet-
nimu vymizeni u 1 oka (2,4 %), k redukci doslo u 3 o¢i
(7,1 %). PVD byla vstupné pfitomnd u 29 oci (69 %), VMA
u 9 odi (21,4 %), po aplikaci doslo k PVD a vymizeni VMA
u 2 oci (4,8 %). V jednom pfipadé nebylo mozné PVD
po aplikaci zhodnotit. VMT byla pfed aplikaci pfitomna
u 3 odi (7,1 %), po aplikaci doslo k jejimu rozvoji u 1 oka,
pfitomna byla tedy u 4 oci (9,5 %). SRF byla vstupné pfi-
tomna u 3 odi, k Uplnému vymizeni doslo u 2 o¢i, v jed-
nom pripadé doslo k redukci.

Ve skupiné o¢i s pfitomnym biomarkerem EZ disrup-
ce byla vstupni NKZO signifikantné nizsi v porovnani se
skupinou bez tohoto biomarkeru (Tabulka 4). Kromé vy-

Obrazek 3. Instrumentérium k aplikaci Ozurdex®
Zleva: rozvérac vicek, kaliper, pinzeta, implantdt v aplikdtoru, vatovd stéticka

Obrazek 4. Aplikace Ozurdex® na operacnim sale
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znamné redukce DRIL nebyl zaznamenan signifikantni
rozdil ve vyskytu OCT biomarkerd pred zahajenim lécby
a na prvni kontrole po aplikaci DEX. Nepodafilo se proka-
zat korelaci mezi OCT biomarkery a funkéni ¢i morfologic-
kou odpovédi na lécbu.

Podskupiny

Nasledné byla porovnana podskupina naivnich (n = 7)
a jiz 1é¢enych pacientl (n = 35). Primérné vstupni CRT
bylo vy3si u jiz [é¢enych odi, u téchto oci dochazelo také
k vyraznéjsi zméné CRT po aplikaci. Tyto vysledky nicmé-
né nebyly statisticky signifikantni (Tabulka 5). U naivnich

Graf 1. Centrdlni retindIni tloustka v pribéhu lécby
CRT - centrdlni retindlIni tloustka

Tabulka 2. Morfologicka responze

oci doslo po aplikaci DEX ke statisticky vyznamnéjSimu
zlepseni NKZO (p = 0,025) a vyskytoval se u nich signi-
fikantné méné casto chronicky DME (n = 1, p = 0,002).
V dalSich charakteristikdch se podskupiny statisticky ne-
liSily. Nebyl mezi nimi prokazan signifikantni rozdil ve vy-
skytu OCT biomarker( pred a po [é¢bé.
Bezpecnostni analyza

K elevaci NT v pribéhu lé¢by DEX doslo u 9 pacient(
(21,4 %), ve viech pripadech bylo k dosazeni normalizace
dostacujici prechodné nasazeni lokalnich antiglaukoma-
tik. V pribéhu sledovéni nebyly zaznamenany zadné za-
vazné komplikace [é¢by.

P

B cfedapihas [l 1 rduc e spibse [l 3 rrdue 2o aphie: B reduinl pe apkkac

Graf 2. Nejlépe korigovand zrakova ostrost v priibéhu |é¢by
NKZO - nejlépe korigovand zrakovd ostrost

CRT (pm)

Pred aplikaci 539 184
1 m po aplikaci 353 137
Zménazalm 186 146
3 m po aplikaci 402 139
Zménaza3m 167 237
6 m po aplikaci 502 177
Zménaza6m 48 154

Median Minimum Maximum p-hodnota

498 288 1284

332 193 994

137 15 545 < 0,0001'
369 180 649

97 -128 837 0,012
476 255 919

49 -388 428 0,013

CRT - centrdlni retindlIni tloustka; m — mésic; SD — smérodatnd odchylka; ' - statisticky signifikantni (Wilcoxontv pdrovy test p-value < 0,05)

Tabulka 3. Funk¢ni responze

NKZO (pismena) | Primér | SO | Mediin | Minimum | Maximum | _pvalue
11 54 32 69

Pred aplikaci 52

1 m po aplikaci 55 12
Zménazalm 3 7
3 m po aplikaci 53 11
Zménaza3m 1 6
6 m po aplikaci 53 13
Zménaza 6 m 1 12

57 34 75

5 -26 17 0,006’
54 38 74

3 -18 11 0,53
54 34 80

0 -28 45 1

NKZO - nejlépe korigovand zrakovd ostrost; m — mésic; SD — smérodatnd odchylka; ' —statisticky signifikantni (Wilcoxontv pdrovy test p-value < 0,01)
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DISKUZE

Efekt l1écby DME

Vysledky nasi studie potvrzuji DEX jako Ucinny a bez-
pecny lék DME. Na prvni kontrole po aplikaci doslo ke
statisticky signifikantnimu poklesu CRT a zlepSeni NKZO.
Zisk pismen po aplikaci byl signifikantné vyssi ve skupiné
naivnich pacientd. Tyto vysledky jsou ve shodé s jiz pub-
likovanymi studiemi [9,10]. Studie autort Neves et al. [10]
také potvrzuje rozdilnou funkéni responzi mezi skupinou
naivnich pacient( a jiz Ié¢enych. To naznacuje benefit pfi
vyuziti DEX u naivnich pacientt v ¢asnych fazich DME.

OCT Biomarkery

Mezi nejvyznamnéjsi prognostické OCT biomarkery
u DME se fadi DRIL a integrita zevnich vrstev sitnice. Dis-
rupce EZ negativné ovliviiuje funkcni vysledek 1écby.
Poskozeni vrstvy fotoreceptort je vysledkem chronicity
DME a ischemie makuly [1]. Disrupce EZ byla v nasem
souboru spojena se signifikantné nizsi NKZO pfi zaha-
jeni 1éCby (p = 0,034). U o¢i se zachovanou kontinuitou
EZ byla lepsi vstupni ZO a Ize tedy pfedpokladat i lepsi
funkéni vysledek Iécby. V priibéhu |é¢by DEX mize do-
jit k obnové integrity zevnich vrstev sitnice a pacienti na
anti-VEGF terapii s perzistujici disrupci EZ mohou bene-
fitovat ze zmény |é¢by na DEX [11,12]. V naSem souboru
doslo k ¢astecné reparaci EZ u 4 o¢i (9,5 %), nicméné vy-
sledek nebyl statisticky vyznamny (p = 0,125). Pfitomnost
DRIL je taktéz davana do souvislosti s chronickym pribé-
hem DME a pravdépodobné se jedna o projev dysfunkce
Miillerovych bunék [13]. Zur et al. [14] prokazali negativni

Tabulka 4. Zavislost NKZO a CRT na biomarkeru EZ disrupce

e

Median 481 517
CRT pred Mean 479 563
aplikaci — 0,271
(um) Minimum 288 304
Maximum 699 1284
Median 57,5 49,5
NVKZO L Mean 57,8 49,6
pred aplikaci o 0,034’
(pismena) Minimum 45,0 320
Maximum 69,0 65,0
Median 137 137
. Mean 168 193
CRT zména o 0,813
Minimum 29 15
Maximum 437 545
Medidn 5,0 5,0
Mean 43 2,8
NKZO zména 0,758
Minimum -40 -26,0

Maximum 17,0 15,0

EZ disrupce 0 - oci se zachovanou kontinuitou zény elipsoidu; CRT -
centrdlini retindini tloustka; NKZO - nejlépe korigovand zrakovd ostrost;

Mean - primeér, ' - statisticky signifikantni vysledek < 0,05

vliv pfitomnosti DRIL na vyslednou ZO u pacient(l léce-
nych DEX. Zarover jde o prvni studii, kde doslo k vyznam-
né redukci tohoto biomarkeru po aplikaci DEX. Tento
trend potvrzuje i nase sledovani, kdy doslo ke statisticky
vyznamné redukci DRIL u 12 o¢i (28,6 %, p = 0,0005). Tato
redukce muUze byt spojena s protizanétlivou aktivitou
DEX a jeho pusobenim na Miillerovy buriky [13]. V nasem
sledovani byl biomarker EZ disrupce spojen s vyssi pri-
mérnou vstupni CRT, vyraznéjsim poklesem CRT a men-
$im prdmérnym ziskem pismen ETDRS po aplikaci DEX
nez ve skupiné bez tohoto biomarkeru. Zminéna korela-
ce nicméné nebyla statisticky signifikantni.

Dalsim hodnocenym biomarkerem byly IRC. Cystické
zmény jsou charakteristickym znakem DME a v nasem
souboru byly makrocysty > 250 um vstupné zastoupeny
u vsech oci. Jejich patogeneze a vyznam jsou rozdilné
dle lokalizace jejich vyskytu a dle velikosti. Velké cysty
nad 250 um byvaji ptfitomné v pokrocilejsich stadiich
onemocnéni a jsou asociovany s chronickym pribéhem

Tabulka 5. Subanalyza podskupin naivnich a jiz [é¢enych o¢i

Mann-

Morfologicka responze (um) m Whitney
“n U test p-value

Median 521 443

CRT Mean 554,3 462,6

pred aplikaci  Minimum 288 373 016
Maximum 1284 583
Median 331 333

CRT Mean 3573 3343

1 m poaplikaci  Mminimum 193 224 !
Maximum 994 462
Median 146 82
Mean 197 1283

Erigna Minimum 15 29 0343

Maximum 545 312

Funk¢ni responze (pismena) --_
58

Median 52
NKZO Mean 50,7 58,1
Y . , 0,181
pred aplikaci  Minimum 32 43
Maximum 65 69
Median 54 70
Mean 529 669
NKZO 0. 0,008’
1 mpoaplikaci  Mminimum 34 49
Maximum 70 75
Median 4 8
Mean 2,1 8,7
NKZO zména 0,025’
Minimum -26 5
Maximum 15 17

Naivni 0 - jiz dFive lé¢eni pacienti; CRT — centrdlni retindIni tloustka;
NKZO - nejlépe korigovand zrakovd ostrost; m — mésic; Mean — prameér;
! — statisticky signifikantni vysledek (Mann-Whitney U test, < 0,05)
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DME. Obvykle reaguji Iépe na Ié¢bu DEX nez anti-VEGF
a jejich pritomnost mlze byt vyuzita pfi volbé terapie
[1,15]. Kredukci nebo vymizeni IRC po aplikaci DEX doslo
v nasem souboru u 37 odi (88,1 %). Nicméné statistické
hodnoceni IRC jako prediktoru lé¢by nebylo vzhledem
k 100 % prevalenci mozné.

Obdobné ¢astym znakem u DME je pfitomnosti HRF.
Vyskyt HRF je spojen se zanétlivou aktivitou, pokrocilej-
Sim stupném diabetické retinopatie a ¢astéjsi rekurenci
DME [1]. Dle histopatologické analyzy se pfedpoklada, ze
HRF jsou extravazaty lipoproteind v pocinajicich stadiich
rozvratu hemato-retinalni bariéry. Nicméné role a pavod
HRF nejsou zcela jasné a vysledky doposud publikova-
nych studii jsou rozdilné [1]. Vujosevic et al. [8] povaZuji
vyskyt HRF za pozitivni biomarker spojeny s lepsi |é¢eb-
nou odpovédi na DEX nez anti-VEGF. Naopak Zur et al.
[16] a Chatziralli et al. [9] spojuji pfitomnost HRF s horsim
efektem |écby DEX. Mozné vysvétleni téchto rozdilnych
zavérl je, Zze prognosticky vyznam HRF pravdépodobné
zavisi na velikosti HRF a vyskytu v konkrétni vrstvé sitnice
[17]. V nasem sledovani nebylo provadéno kvantitativni
hodnoceni ani nebyl kladen ddraz na anatomickou lokali-
zaci HRF a vyznam tohoto biomarkeru se nepodafilo pro-
kazat. K ozfejméni vypovédni hodnoty tohoto markeru
bude tfeba detailn&jsi studium.

Se zanétlivymi zménami u DME je spojovana i pfitom-
nost SRF. Dle Huang et al. [13] je SRF asociovana s vy3si
hladinou Interleukinu-6 ve sklivcovém prostoru a s vy-
raznéjSim poklesem CRT po |é¢bé DEX. V multicentric-
ké studii autord Zur et al. [16] byla pfitomnost SRF pred
Ié¢bou prediktorem lepsiho vysledku NKZO 4 mésice po
implantaci DEX. Tento efekt je vysvétlovan protizanétli-
vou aktivitou DEX [13]. V naSem souboru nebylo statistic-
ké vyhodnoceni vzhledem k nizkému vyskytu SRF (n = 3)
mozné.

Poslednim sledovanym OCT biomarkerem byl stav vi-
treomakularniho rozhrani. O vlivu tohoto parametru na
vysledek lé¢by DME pomoci DEX neni dostatek dlkazu
a ani v nasem sledovani se vliv VMT, VMA ¢i PVD na vy-
sledek [é¢by nepodafilo prokazat. VétSina doposud pub-
likovanych studii vénujicich se tomuto tématu byla pro-
vedena u pacientd lécenych anti-VEGF. Predpoklada se
negativni vliv VMA a VMT, naopak PVD ma mit pozitivni
funkéni a morfologicky efekt na vysledek 1écby [1]. Vzhle-
dem k nejednotnym vysledkim studii jsou viak u tohoto
biomarkeru potiebné dalsi dukazy.

V nasi studii byla patrnd korelace mezi vékem pacientu
a morfologickou responzi na aplikaci DEX. U mladsich pa-
cientll byl pokles CRT statisticky vyznamnéjsi (r =-0,382).

Vztah mezi vékem pacientt a efektem [é¢by DEX u DME
popisuje i Chatziralli et al. [9], kde u starSich pacientl byla
findlni NKZO horsi. Vliv véku na funk¢ni efekt 1é¢by v na-
$em souboru prokazan nebyl. To mize byt zplsobeno
vy$Sim zastoupenim chronickych DME, kde vzhledem
k dystrofickym zménam nemusi byt pokles CRT provazen
zlepsenim zraku.

Bezpecnostni analyza DEX je konzistentni s jiz publiko-
vanymi studiemi [7,18]. V pribéhu |écby se doporucuje
monitorovani NT pro mozny vyskyt elevace. Dalsi neza-
douci uc¢inek DEX muze byt rozvoj a progrese katarakty.
Progredujici katarakta zaroven muze zcela jisté ovlivnit
funkéni vysledky 1é¢by, nicméné v nasem souboru pre-
vazovaly artefakické oci (n = 30, 71,4 %) a ze sledovani
byly vylouceni pacienti, ktefi v priibéhu lécby podstoupili
operaci katarakty.

Mezi slabé stranky nasi studie radime zejména jeji ob-
servacni povahu. DEX byl vyuzivan jako 1ék druhé volby,
coz se projevilo vyssim zastoupenim oci s pokrocilym
a chronickym DME pfi zahdjeni 1é¢by (n = 29, 74,4 %)
a malou kohortou naivnich oci (n =7, 16,7 %). Dalsi limi-
taci je fakt, Ze nezanedbatelnd ¢ast oci byla v minulosti
osetfena LFK makuly (n =15, 35,7 %), coz mU(ze vést k ob-
tiznému hodnoceni OCT biomarker(. Statistické hod-
noceni nékterych OCT biomarkerd (HRF, IRC, DRIL) jako
prediktor(i |é¢by nebylo mozné z divodu jejich vysoké
prevalence v souboru.

Naopak mezi silné aspekty studie patfi relativné velka
kohorta pacientt a pfisna kritéria pro zafazeni. Z divodu
nesplnéni téchto kritérii bylo z vysledného hodnoceni vy-
louceno 30 o¢i.

ZAVER

V nasi studii jsme potvrdili, ze DEX je bezpecnou
a uc¢innou moznosti |é¢by DME v realné klinické praxi.
U sledovanych pacient doslo k signifikantni morfo-
logické i funkéni odpovédi. Efekt 1é¢by byl pfitomny
i u pacientt s pokrocilym chronickym edémem a pa-
cientll nereagujicich uspokojivé na predchozi lécbu
jinymi intravitredlnimi preparaty. Pfi volbé vhodné |é¢-
by DME mohou byt napomocné OCT biomarkery. Nase
studie potvrzuje EZ disrupci jako negativni biomarker.
Zaroven prokazujeme schopnost DEX potlacdit zanétlivé
procesy DME a obnovit spravnou segmentaci sitnice re-
dukci DRIL. Naivni pacienti dosahovali lepsich funk¢nich
vysledkll, coz naznacuje mozny benefit pfi vyuziti DEX
v prvni linii é¢by DME.
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Uvod: Iridokorneélni endotelovy (ICE) syndrom je vzacné onemocnéni charakterizované abnormalini proliferaci a strukturalnimi zménami endo-
telu, obliteraci iridokorneélniho Uhlu a anomaliemi duhovky. Dlisledkem téchto zmén je sekundarni glaukom a dekompenzace rohovky. Etiologie
je nejasna a castéji postihuje Zeny stredniho véku.

Kazuistiky: Formou ¢lanku prezentujeme dvé odlisné kazuistiky mladych pacientl s diagn6zou ICE syndromu s rozvinutymi komplikacemi.V 1. ka-
zuistice se jedna o mladou pacientku, u které se pomoci antiglaukomové a rohovkové chirurgie dafi stabilizovat glaukomové onemocnéni a ro-
hovkovy edém. Naproti tomu kazuistika 2. poukazuje na slozity a komplikovany pfipad 29letého pacienta, u kterého ani pfes opakované zdkroky
neni léCba Uspésna.

Zavér: Tento text poukazuje na komplikovanost ICE syndromu, obtiznost jeho terapie a dlilezZitost v¢asné diagnostiky.

Kli¢ova slova: iridokornedlni endotelovy syndrom, sekundarni glaukom, onemocnéni rohovky

SUMMARY
IRIDOCORNEAL ENDOTHEALIAL SYNDROME. CASE REPORTS

Aim: Iridocorneal endothelial (ICE) syndrome is a rare disease characterized by abnormal proliferation and structural changes of the endothelium,
obliteration of the iridocorneal angle, and anomalies of the iris. The consequence of these changes is secondary glaucoma and corneal
decompensation. The etiology is unclear, and the syndrome more commonly affects middle-aged women.

Case reports: In this article we present two different case studies of young patients diagnosed with ICE syndrome with complications. The first case
report is about a young woman in whom surgical treatment of glaucoma and corneal edema was successful. On the other hand, the second report

presents a complicated case of a 29-year-old patient whose treatment was not successful despite repeated interventions.
Conclusion: This text highlights the complexity of ICE syndrome, the difficulty of its therapy and the importance of early diagnosis.
Key words: iridocorneal endothelial syndrome, secondary glaucoma, corneal diseases
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Iridokornealni endotelidlni syndrom (ICE syndrom) je
vzacné ziskané ocni onemocnéni. Je charakterizovano
proliferativnimi a strukturdInimi abnormalitami endo-
telu rohovky, progresivni obstrukci iridokornedlniho
Uhlu a anomaliemi duhovky, jako je atrofie, korektopie
a polykorie [1]. DGsledkem téchto zmén je dekompen-
zace rohovky a sekundarni glaukom s uzavienym dhlem
[1,2]. Pfi progresi onemocnéni a bez potfebné vcéasné
terapie dochazi u pacientt s ICE syndromem ke ztraté
zraku [3].

Etiologie syndromu neni dosud zcela jasnd [4]. Byla
popsana celd fada zvaZovanych spoustécich faktor(.
Nékolik autor(i popisuje nastup uveitidy ¢i iridocyklitidy
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pfed nastupem onemocnéni [5-7]. Dle novéjsich studii
se zvazuje infekce virem Herpes simplex (HSV) ¢i Epstein
- Barové (EBV) [4,5,8,9]. Infekce vede k zanétu endotelu,
k neobvyklé epitelidlni aktivité a toxickému pUsobeni na
okolni zdravou tkan. HSV mlze mit vyznamnou etiologic-
kou roli v rozvoji ICE syndromu. Nemusi v3ak byt jediny
predisponujici faktor. Dikazy o primarni pfic¢iné vzniku
ICE syndromu dosud chybi. Otazka mechanismu jeho
vzniku tedy zUstava i nadale oteviena [5,7].

Ve vétsiné pfipadu je vyskyt syndromu jednostran-
ny, ale ani bilateralni ¢i subklinické postizeni rohov-
kového endotelu druhého oka neni vyjimkou [10-13].
Prvni projevy onemocnéni se vyskytuji v rané az stied-
ni dospélosti, prevazné u zen. Nékolik pripadd vsak
bylo popsano s ¢asnym nastupem i v détské populaci
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[1,14-16]. Pod syndrom spadaji plvodné samostatné
klinické jednotky, a to Chandlerlv syndrom, progresiv-
ni atrofie duhovky a Cogan Reeselv syndrom [10,17-
19]. Obrazek 1.

Spole¢né pro viechny jednotky je pfitomnost abnor-
malnich endotelovych bunék nazyvanych ICE bunky.
Zvétsuji se a ztraci svlj typicky hexagondlni tvar. Na spe-
kuldrnim mikroskopu se jevi jako tmavé se svétlym cen-
tralnim bodem a svétlou periferni zénou. Maji tendenci
migrovat do sousednich struktur a produkovat patolo-
gickou bazalni membranu, kterd se Sifi za Schwalbeho

Obrazek 1. Predni segment u ICE syndromu - atrofizace duhovky,
fenestra a ptitomnost perifernich prednich synechii (PAS)

linii, pfekryva komorovy uhel a predni plochu duhovky
[20-22]. Kontrakce membrany vede ke zménam duhov-
ky, vzniku perifernich pfednich synechii a glaukomu
s uzavienym Uhlem [23]. Glaukomové onemocnéni muze
byt i bez zjevného uzavéru uhlu, protoze postupujici en-
dotel maze Uhel uzaviit i bez kontrakce [17]. Ztrata zraku
spojena s ICE syndromem je obvykle sekundarni odpovi-
dajici dekompenzaci rohovky nebo glaukomové neuro-
patii [4]. Obrazek 2 a 3.

Pacienta nejcastéji k lékafi pfivadi zména postave-
ni zornice, zhorsena zrakova ostrost ¢i bolest, fotofobie
a epifora pfi edému rohovky [24]. BEhem rutinniho o¢ni-
ho vysetfeni na stérbinové lampé, dovoli-li transparent-
nost rohovky, je hodnocen nélez na pfednim i zadnim
segmentu. Pomoci gonioskopie vysetfime komorovy
Uhel na pfitomnost perifernich synechii (PAS). V pfipa-
dech s tézkym edémem rohovky a nemoznou vizualizaci
predni komory muze byt diagnostika obtizna a je tfeba
vyuzit dalSich zobrazovacich metod jako je ultrazvuko-
va biomikroskopie (UBM) ¢i predné-segmentové OCT
(optickad koherentni tomografie). Nutné je vysetieni en-
dotelu, ktery ma pfi mikroskopickém zvétseni vzhled
tepaného stiibra. Zrcadlova mikroskopie je dulezita k od-
haleni typickych ICE bunék, jejichz pfitomnost diagnézu
potvrzuje. In vivo konfokalni mikroskopie je uzite¢nym
diagnostickym nastrojem, pfedevsim u pacientl s edé-
mem rohovky. Vzdy je nutnd pravidelna monitorace nit-
roocniho tlaku, centrdini tloustky rohovky, vysetfeni zor-
ného pole spolu s hodnocenim optického nervu a vrstvy
nervovych vlaken [7].
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Obrazek 2. Endotelova mikroskopie — vzhled ICE bunék

ICE - Iridokornedlni endotelidlni
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Obrazek 3. Endotelova mikroskopie - vzhled fyziologického endotelu

V nasledujicim textu jsou prezentovany kazuistiky 2 pa-
cientll s ICE syndromem z naseho pracovisté. Cilem je po-
ukazat na slozitost diagnostiky a Ié¢by této nozologické
jednotky.

KAZUISTIKA 1

Zdrava 31letd zena byla v roce 2019 odeslana spa-
dovym oftalmologem na nasi kliniku s doporucenim
k transplantaci Descemetovy membrany s endotelem
(DMEK) pro edém rohovky pravého oka jiz se stanove-
nou diagnézou ICE syndromu. Dle anamnestickych udaju
nosi slabou myopickou korekci, nejlépe korigovana zra-
kova ostrost oka pravého (NKZO OP) je 0,05 a levého (OL)
1,0. Dva roky je na pIné lokalni konzervativni antiglauko-
mové terapii pro sekundarni glaukom pravého oka, kdy
hodnoty nitroo¢niho tlaku (NOT) pfi vstupnim vysetreni
jsou 15/15 mmHg pfi rozdilné centrdlni tloustce rohov-
ky (CCT) vpravo 695 pm a vlevo 553um. Rok pozoruje
zhorsené vidéni pravého oka. Pfi vysetieni na stérbinové
lampé je transparence rohovky snizena a v dolni polovi-
né nachdazime navality pruh bulézni keratopatie. Endotel
nelze posoudit, predni komora je nepravidelné hloubky
s patrnymi perifernimi pfednimi synechiemi. Zornice je
zneokrouhlena, nereaguijici na osvit a povytazena nahoru
nasalné, ¢ocka opakni. Zadni segment je omezené vyset-
fitelny s ndlezem atrofické papily zrakového nervu.

Pacientka je indikovédna k vykonu DMEK v celkové
anestezii. Zakrok probéhl bez komplikaci a mésic po
vykonu je NKZO OP 0,4, NOT palpacné v normé na sta-
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Obrazek 4. Pfedni segment po provedeném DMEKu, implantat ExPress
uc. 12
DMEK - Transplantace Descemetovy membrdny s endotelem

vajici antiglaukomové terapii, lokdlné ponechdavame
kortikosteroidy 1xd. Tfi mésice po DMEK zUstava lokdlIni
terapie beze zmény, vylepsuje se zrakova ostrost NKZO
OP 0,7, NOT bezkontaktné 22 mmHg, lamela je pfiloze-
na, funkéni, rohovka transparentni, bez edému s CCT
504 um a mnozstvi endotelidlnich bunék 2203 bb/mm?2.
Doplnujeme analyzu vrstvy nervovych vldken (RNFL)
a perimetrické vysetfeni, OCT prokazuje atrofii zrakové-
ho nervu s RNFL OP 48 um a OL 100 pm. Pfi dalSich kon-
troldch dochazi k postupné elevaci NOT ke 30 mmHg,
pfiddvame celkovou antiglakomovou terapii, ale ani
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Obrazek 5. Optickd koherencni tomografie - atrofie zrakového nervu vpravo

poté neni NOT kompenzovan a pacientka je indikova-
na k antiglaukomové operaci s drendznim implantatem
ExPress. Poopera¢né zcela vysazujeme antiglaukomo-
vou terapii, ponechdvame pouze steroidy v nizké dav-
ce 3 mésice, abychom snizili moznost jizveni spojivky.
Hodnoty NOT se pohybuji v rozmezi 6-17 mmHg, pa-
cientka provadi masaze bulbu 3-5x denné. Pro pokro-
Cilou atrofii zrakového nervu pridavame neuroprotek-
tivni doplnky. Pacientka je v naSem sledovani dodnes,
pfi posledni kontrole je NKZO OP 0,9, NOT bez terapie
s implantatem ExPress 16/15 mmHg, CCT 538/549 pum,
na fundu papila s glaukomovou exkavaci c/d 0,9, vrstva
nervovych vldken v ¢ase bez progrese a nalez zlstava
stabilni. Obrazek 4 a 5.

KAZUISTIKA 2

29lety pacient je roku 2015 odeslan k ultrazvukové bio-
mikroskopii pravého oka pro suspektni nalez na duhov-

ce, k vylouc¢eni tumordzniho procesu. Z anamnestickych
udaji udéava slabou myopickou korekci a 4 roky pozoruje
zménu postaveni zornice pravého oka. Posledni rok do-
chazi k postupnému poklesu zrakové ostrosti a posled-
ni mésice vnima svétloplachost, bolest a fezani. Vstup-
ni NKZO OP je 0,05, OL 1,0, NOT 20/16 mmHg pfi CCT
822/613 pum. Na pfednim segmentu je rohovka s bulézni
keratopatii a edémem, zornice ektopicka, povytazenak €.
10, ¢ocka cira. Je doplnéna zrcadlova mikroskopie, UBM
a gonioskopie, s nalezem PAS, ale pfitomnost solidniho
loziska nepotvrzuji. Pacient je indikovan a podstupuje
vykon DMEK v listopadu 2015 v celkové anestezii s odbé-
rem na histologii a vzorkem komorové tekutiny na PCR
diagnostiku herpetickych vir(i Obrazek 6 a 7.

Histologie potvrzuje diagnézu ICE syndromu, avsak
PCR diagnostika pfitomnost herpetickych vir(i vylucuje.
Prvni pooperacni den je NKZO OP prsty pfed okem, NOT
palpacné v normé, rohovka projasnéna, lamela pfilozena.
Je zahdjena terapie Tobramycin s Dexamethazonem 5xd
po dobu tydne, poté od 2. tydne jen aplikace kortikoste-

Obrazek 6. (A) Zmény predniho segmentu pravého oka pfi ICE syndro-
mu pfi vstupnim vysetfeni, (B) snimek z endotelové mikroskopie
ICE - Iridokornedlni endotelidlni

P

Obrazek 7. (A) Fyziologicky nalez predniho segmentu na zdravém
levém oku s normalnim vzhledem endotelovych bunék, (B) snimek
z endotelové mikroskopie
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roid(i 5xd se sestupnou cetnosti kapani nékolik mésica.
PFi mésicni kontrole je NKZO OP 0,9, NOT palpacné v nor-
mé, ndlez na pfednim segmentu klidny, exkavace ¢/d 0,6.
Doplnhujeme vysSetreni zorného pole, OCT a pro snizené
hodnoty RNFL v dolnim kvadrantu OP nasazujeme lokal-
né betablokator (BB) 2xd. Obrazek 8.

Béhem dalsich kontrol jsou postupné vysazeny korti-
kosteroidy (KS) a nalez je stabilni az do ¢ervence 2016,
kdy NKZO OP je 0,8, NOT 27/17 mmHg, rohovka je trans-
parentni, visus je snizen rozvojem incipientni katarakty,
posilujeme lokalni terapii o inhibitor karboanhydrazy
(ICA), na které dochazi ke stabilizaci NOT az do listopadu
2017, kdy NKZO OP se zhor3uje na 0,4, NOT 23/20 mmHg.
Rohovka je zasedla. Posilujeme lokdlni terapii betablo-
kator + ICA + prostaglandin (PG) a pfidavame KS 2xd.
V lednu 2018 je rohovka zasedla v celém rozsahu, NOT
bezkontaktné neméfitelny, aplanaéné v normé a NKZO
OP 0,05. Pro endotelidlni nedostatecnost a pfitomnou
kataraktu je proveden kombinovany vykon re-DMEK
s operaci komplikované katarakty a goniosynechiolyzou.
Po mésici dosahuje NKZO OP 1,0, NOT v normé na tera-
pii ICA+BB, lamela funk¢ni, ndlez na OCT a perimetru je
bez progrese. Pfi vysetieni za pll roku je NKZO OP 0,2,

Obrazek 8. 1 mésic po DMEK
DMEK - Transplantace Descemetovy membrdny s endotelem

Obrazek 10. Transparentni rohovka s ptiloZzenou funkéni lamelou po 2.
re-DMEKUu, filtrujici ExPress u hodiny 1
DMEK Transplantace Descemetovy membrdny s endotelem
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NOT 22/18 mmHg, CCT 674/609, dochazi k endotelidlni
rejekci, nasazujeme KS 5xd, terapii posilujeme o Brimoni-
din.V unoru roku 2019 je NKZO OP prsty pfed okem, NOT
25/20 mmHg, edém epitelu i stromatu rohovky, endotel
nelze zméfit a pro dekompenzovany glaukom je prove-
den antiglaukomovy vykon s drenaznim implantatem
ExPress a implantaci Ologenu pod spojivku. Obrazek 9.

Po operaci doslo ke stabilizaci tlaku s funkénim implan-
tatem a ponechanou lokalni terapii betablokator 2xd. Pro
dekompenzovanou rohovku s NKZO OP pohyb provadi-
me v listopadu 2019 dalsi re-DMEK. Obrazek 10.

Dalsi rok je nalez stabilni, rohovka transparentni, NKZO
OP 0,7, ale v prosinci 2020 opét dochazi k elevaci NOT
27/17 mmHg, pfiddvame k lokalni terapii betablokator
2xd jesté PG 1xd, pfi dalSich kontrolach stale neni NOT
uspokojivy. Terapii posilujeme na trojkombinaci, opét
dochazi k dekompenzaci rohovky s poklesem visu OP na
0,05 a pro nereagujici tlak na lokalni terapii v ¢ervnu 2021
provadime needling skleralniho flapu, po kterém se dafi
NOT na trojkombinaci stabilizovat. Jde o mladého ak-
tivniho pacienta, ktery je motivovan zlepSenim zrakové
ostrosti vzdy po transplantaci rohovky, a tak je pldnovén
dalsi DMEK jiz 4. v pofadi. Obrazek 11.

Obrazek 11. Nalez pfi posledni kontrole pfed planovanym DMEKem jiz
4. v poradi
DMEK Transplantace Descemetovy membrdny s endotelem
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DISKUZE

ICE syndrom je vzacné onemocnéni, jehoz diagnostika
a naslednd lécba je obtizna. V diferencidlni diagnostice je
nutno zvazovat endotelialni poruchy rohovky jako je zad-
ni polymorfni dystrofie a Fuchsova dystrofie, afekce du-
hovky jako melanom duhovky, aniridie, zanétlivé uzliky ¢i
Axenfeld-Riegerdv syndrom [25]. V¢asna diagnéza ICE je
esencialni pro prevenci rozvoje edému rohovky a sekun-
darniho glaukomu [7,25]. Vyvinuti vy3e uvedenych kom-
plikaci ovliviuje prognézu ICE syndromu.

Terapie je cilena na feSeni glaukomovych komplika-
ci a edému rohovky. Zachovani transparentni rohovky
je nutné pro udrzeni dobrych zrakovych funkci, snize-
ni bolesti pacienta a také pro sledovani zmén na ter-
¢i zrakového nervu a zorného pole pfi pridruzeném
glaukomovém onemocnéni. Primarnim terapeutickym
cilem je tedy kontrola rozvoje sekundarniho glaukomu.
Konzervativni terapie zahrnuje predevsim latky snizu-
jici produkci komorové tekutiny — lokalni betabloka-
tory, inhibitory karboanhydrazy a alfa agonisty. Topic-
ké prostaglandiny jsou spojovany s rizikem reaktivace
HSV, proto je nutné se jejich uziti vyhnout [26,27]. P¥i
nedostate¢né kompenzaci konzervativni terapii je k za-
chovani zraku nevyhnutelny chirurgicky zakrok. Studie
na indické populaci z roku 2017 popisuje 203 pacientl
s ICE syndromem. V této analyze byl ICE syndrom spojen
s glaukomem u vice nez 70 % pacientl a 50 % pacient(
vyzadovalo chirurgicky zakrok pro regulaci o¢niho tla-
ku. Edém rohovky byl pfitomen u 56 % pacientd, z nichz
14 % podstoupilo endotelovou keratoplastiku [24]. Za-
sadnim problémem této diagndzy je, Ze ani chirurgic-

ké pristupy nedosahuji takové uspésnosti jako u jinych
typU glaukomu. Divodem je mlady vék pacientd, kdy
proces jizveni spojivky je daleko aktivnéjsi nez v po-
zdnim véku. Dal$im problémem je také proces endo-
tealizace trubic drendznich implantatd ¢i patologické
prerustani bazalni membrany jejich usti, ¢imz dochazi
k jejich selhani. Pokud selzou klasické chirurgické vy-
kony, pfistupujeme k cyklodestruktivnim metoddm ze-
jména u oci se Spatnou progndézou stran visu. Descemet
stripping automated endothelial keratoplasty (DSA-
EK) a Descemet membrane endothelial keratoplasty
(DMEK) jsou pro lé¢bu edému rohovky pfi ICE upied-
nostriovany pred penetrujici keratoplastikou (PKP) [27].
Studie z roku 2021 hodnotici Gi¢innost DMEK u pacient(
s ICE ukazala 85,7% kumulativni uspésnost Stépu po 1
roce [28]. Je viak nutné zminit problém monitorace nit-
roo¢niho tlaku po DMEK, kdy alespon 2-3 mésice nelze
mérit o¢ni tenzi bezkontaktné, aby nedoslo k odchlipe-
ni lamely, aplanaéné Ize méfit po mésici.

ZAVER

V textu jsou prfedstaveny dvé prototypové original-
ni kazuistiky naseho pracovisté. Prvni kazuistika pred-
stavuje leh¢i formu onemocnéni, kde se dafi nitroo¢ni
tlak dobfe kompenzovat, a naopak u druhé kazuistiky
agresivnéjsi formu, kde dochazi ke ztraté zraku diky po-
krocilému glaukomovému onemocnénia / nebo edému
rohovky. Tento text poukazuje na komplikovanost ICE
syndromu, obtiznost jeho terapie a dllezitost v¢asné
diagnostiky.
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SOUHRN

Cil: Prezentovat vzécny piipad leiomyomu fasnatého télesa nasi pacientky.

Kazuistika: 72letd pacientka pfichdzi na preventivni vysetfeni do nasi ambulance, kde nalézame v periferii sitnice kopulovity $edo-hnédavy utvar. Po
doplnéni gonioskopického a ultrazvukového vysetieni posilame pacientku na pracovisté vy3siho typu. Pro nalez suspektniho maligniho melanomu
dopliujeme vysetfeni magnetické rezonance a doporucujeme enukleaci bulbu. Histopatologické vysetieni prokazuje leiomyom fasnatého télesa.
Zavér: Cilem kazuistiky je demonstrovat obtiznost diagnostiky nitroo¢niho leiomyomu. Az imunohistochemické vysetieni odlisilo tumor od maligniho
melanomu a ukazalo na diagnézu leiomyomu fasnatého télesa. Mozna i pro extrémni vzacnost tohoto typu nddoru na diagnézu leiomyomu malo
pomyslime.

Klicova slova: leiomyom, fasnaté téleso, melanom, nitroo¢ni nador

SUMMARY
LEIOMYOMA - CILIARY BODY TUMOR. A CASE REPORT

Aim: To demonstrate a rare case of ciliary body leiomyoma in our patient

Case report: A 72-year-old female reported to our clinic for a preventive examination, upon which we found a dome-shaped grey-brownish mass on
the retinal periphery. After completing gonioscopic and ultrasound examinations, we referred the patient to a specialist facility. Due to a finding of
suspicious malignant melanoma, we completed the MRI scan and recommended enucleation of the eyeball. A histopathological examination showed
a leiomyoma of the ciliary body.

Conclusion: The aim of this case report is to demonstrate the difficulty of intraocular leiomyoma diagnosis. Only immunohistochemical examination
differentiated the tumor from malignant melanoma and determined the diagnosis of ciliary body leiomyoma. Perhaps because of the extreme rarity of
this type of tumor, we often neglect to consider a diagnosis of leiomyoma.

Key words: leiomyoma, ciliary body, melanoma, intraocular tumor
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Nitroo¢ni leiomyom je extrémné vzacny nador duhov-
ky, fasnatého télesa a cévnatky [1-4]. | presto, Ze se jed-
na o benigni nddor, je lokdlné destruktivni k nitroo¢nim
strukturam [5]. Stejné jako ostatni nadory v této lokalizaci
muze zpUsobovat odchlipeni sitnice, sekundarni kata-
raktu a sekundarni glaukom [2]. Nejcastéji se vyskytuje
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u mladych Zen v reprodukénim véku [1,3,6,7]. Z 80 popsa-
nych pfipadd uvealniho leiomyomu publikovanych Anki-
tem v roce 2019 pfipadalo 51 vyskytl Zenam [1]. Prdmér-
ny vék v dobé zachytu byl 35,8 let, z toho priimérny vék
u leiomyomu duhovky byl 44,6 let, fasnatého télesa 35,5
let a cévnatky 35,4 let [1]. | presto, ze se makroskopicky
nejcastéji jednd o amelanotické ovoidni nadory hladké-
ho povrchu, jsou popisovany i tmavé pigmentované léze



[1,8]. Histopatologicky je nddor slozeny z propletenych
svazk(l vietenobunécnych bunék s ovalnymi jadry, které
od uvedlniho melanomu odlisi imunohistochemické vy-
Setfeni a elektronova mikroskopie [1].

KAZUISTIKA

V rdmci dispenzarizace diabetické retinopatie se do-
stavila v lednu 2023 na pravidelnou kontrolu do nasi
o¢ni ambulance v Mladé Boleslavi 72leta pacientka,
glaukomaticka a diabeticka 2. typu. Pacientka byla v o¢ni
ambulanci sledovana od roku 2005. V unoru 2013 bylo
vysloveno podezieni na primarni glaukom otevieného
uhlu a byly nastavené pravidelné kontroly po pul roce
s kontrolnim perimetrem a kontrolni analyzou vrstvy
nervovych vldken (RNFL analyza). Pacientce byla také
diagnostikovana pocinajici senilni katarakta. V roce 2019
pro ztenceni ve vrstvé nervovych vldaken (RNFL) diagnos-
tikujeme primarni glaukom otevieného uhlu. Dal3imi di-
lezitymi Udaji v osobni anamnéze jsou dobfe kompenzo-
vana arterialni hypertenze, hypofunkce stitné zlazy, stav
po cévni mozkové pfihodé charakteru vertebrobazilarni-
ho povodi a cysty levé ledviny. Z rodinné anamnézy pak
Hodgkinlv lymfom u syna.

Dosud byla pacientka bez subjektivnich o¢nich obtizi,
nejlépe korigovana zrakova ostrost byla na pravém i le-
vém oku do dalky 0,8 a do blizka 0,8 s adici +2,50 Dsf.
Nitroo¢ni tlak naméfeny bezkontaktnim tonometrem
byl vpravo 20 mmHg a vlevo 24 mmHg. Kontrolni RNFL
analyza ukazovala bilaterdlné pokles v RNFL i ve vrstvé
gangliovych bunék. Na stérbinové lampé byla pfitomna
incipientni senilni kortikonuklearni katarakta, na fundu
v mydridze bilaterdlné papila s Sirokou glaukomovou
exkavaci C/D 0,7 a peripapilarnim pigmentovym lemem,
makula bez lozZiskovych zmén, vpravo periferie sitnice
bez loziskovych zmén a vlevo v periferii sitnice kopulovi-
ty Sedo-hnédavy utvar bez sekundarni kolateralni amoce
sitnice a bez hemoragii. Nasledné byla pacientka ode-
slana k podrobnéjsimu vysetfeni na o¢ni kliniku Lexum
v Mladé Boleslavi.

Obrazek 1. Ultrazvuk s prominujicim kulovitym loziskem v hornim
temporalnim kvadrantu

27. 1. 2023 jsme u pacientky doplnili gonioskopické
vysetfeni s nalezem stfedné Sirokého vyrazné pigmen-
tovaného Uhlu bez patologického utvaru, vysetieni
Goldmanovou ¢ockou s nalezem kopulovitého utvaru
v oblasti fasnatého télesa a ultrazvukovym vysetfenim
(Obrazek 1), které nam potvrdilo solidni loZisko tempo-
ralné za duhovkou bez kolateralni amoce sitnice velikosti
8,9 x 4,7 mm. Na pfedné segmentové optické koherenéni
tomografii (AS-OCT) jsme solidni loZisko nezachytili. Pa-
cientku se zavérem suspektni melanom fasnatého télesa
vlevo objedndvame k vysetfeni do Centra o¢ni onkologie
VEN Praha.

8. 2. 2023 pacientka podstoupila konzilarni vysetieni
na tomto pracovisti. Na levém oku zde popisuji nasalné
vyraznéjsi episkleralni cévy, ¢ocku s incipientni kortiko-
nuklerdni kataraktou bez sektorovitého zkaleni a v myd-
riaze v periferii sitnice temporalné mezi ¢. 2-4 prominujici
polokulovité lozisko tmavé hnédé barvy. Pfi provedeni
transiluminace je na levém oku patrny stin nasedajici na
ciliarni téleso v hornim temporalnim kvadrantu. Ultra-
zvuk (UZ) A+B scan prokazuje v hornim temporalnim
kvadrantu vyrazné prominujici solidni loZisko spiSe niz-
$i vnitini reflektivity, Sikmo zachycené pro lokalizaci
pfiblizné 7 mm a plo3néjsi loZisko do 3 mm, ze kterého
vyrlstd jednolalo¢naté lozisko pfiblizné 6 mm. Zavérem
vysetieni bylo vysloveno podezieni na maligni melanom
fasnatého télesa vlevo. Doporucuji co nejcasnéjsi termin
magnetické rezonance (MR) mozku a o¢nic se zaméfenim
na levou o¢nici a proméreni solidniho loZiska levého oka.

MR vysetifeni mozku a orbit probéhlo ve tfech rovinach
v prepared turbo spin echo (TSE), inversion recovery (IR)-
-TSE, diffusion-weighted imaging (DWI), fast or turbo spin
echo FSE/TSE, gradient echo sequences (GRE) nativné.

Nalez: Stfedové struktury mozku bez dislokace. Ko-
morovy systém pfimérené Sife, akveduktus prichodny.

Obrazek 2. MRI s vretenovitym loziskem v hornim temporalnim
kvadrantu levého bulbu

L~ r~11 ARNIS C1L SN IALVW 7SA\DSLITTYLIAL MAASSl N’ \/ YW aln)



T R ‘!,_:l e
:E e an} \ "1"\.‘ i

Obrazek 4. Mikroskopicky snimek tumoru tvofeného vietenitymi
bunkami v kratkych paralelnich svazcich (barveno hematoxylin-eosin)

Obrazek 5. Mikroskopicky snimek dobre ohrani¢eného nddoru cévnatky
a fasnatého télesa
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Subarachnoidalni prostory jsou supratentoridlné prede-
véim frontalné a parietalné vyrazné rozsiteny. Sirsi suba-
rachnoidalni prostory i v okoli mozeckovych hemisfér.
Mozkové struktury obvyklé konfigurace. V bilé hmoté
obou mozkovych hemisfér predevsim subkortikadlné ve
frontalnich a parietalnich lalocich vice¢etnd loZiska gliézy
jednotlivé do 10 mm. Loziskové zmény jiného charakteru
ani loziska inferotemporalné neprokazuji. Prava maxilar-
ni dutina je zmenseng, vyplnéna chronickymi slizni¢nimi
zménami, vlevo drobny polyp, jinak paranazalni dutiny
i mastoidalni sklipky vzdus$né, vnitini zvukovody Stih-
Ié, hypofyza nezvétsend. Orbity normalni konfigurace.
Vpravo pfiméfeny nalez. Vlevo v oblasti corpus cilliare je
v hornim tempordalnim kvadrantu pfitomno vietenovité
lozisko velikosti 11x5x10 mm (Obrazek 2). Lozisko ma
stfednisignal na T2i T1W, vykazuje ¢astecnou restrikci di-
faze. Neprokazuji prorlstani loziska periokularné. Okolni
struktury, glandula lacrimalis i okohybné svaly maji nor-
malni $ifi, prabéh, signdl. Optické nervy, obaly i chiasma
s normalnim nalezem. Zavér: Lozisko — melanom corpus
cilliare v hornim temporalnim kvadrantu vlevo bez infil-
trace okoli. Korova atrofie mozku. Mirnd atrofie mozec¢-
ku. Vicecetna loziska vaskularni gliézy v bilé hmoté obou
hemisfér. Vysetfeni nativni, kontrastni latku pacientka
odmita.

Nalez magnetické rezonance konzultuji s Centrem ocni
onkologie VFN Praha. Pro velikost tumoru je doporucena
enukleace v misté bydlisté pacientky. Pro odmitnuti po-
dani kontrastni latky a radiofarmaka ze strany pacientky
neindikujeme PET/CT.

21. 3. 2023 pacientku pfijima spadové ocni oddéleni
Oblastni nemocnice Mlada Boleslav k enukleaci levé-
ho bulbu v celkové anestezii. 23. 3. 2023 je provedena
enukleace bulbu standardnim postupem s vliozenim orbi-
talniho implantatu o priméru 20 mm a kfizovym zauzle-
nim pfimych svald nad implantatem. Vykon je bez kom-
plikaci. Pooperac¢né pacientka aplikuje do o¢niho dllku
2 tydny 4-5x denné antibiotickou mast s kortikoidem
(bacitracinum zincum, neomycini sulfas, hydrocortisoni
acetas). 27.3. 2023 je pacientka v celkové dobrém stabili-
zovaném stavu propusténa domu. V rdmci predoperacni-
ho vysetieni jsme jesté doplnili rentgen srdce a plic (RTG
S+P), ktery byl bez patologického ndlezu. S celkovym
screeningem zahrnujicim ultrazvukové vysetreni bficha,
mamograf, gynekologické vy3etieni, RTG S+P a odbér
tumor markerd vyckavame do vysledkl patologického
vysetieni.

Patologicky ndlez prokazuje v oblasti corpus cilliare
a predni choroidey temporalné bélavy tumor o primé-
ru 12 mm a tloustky 7 mm (Obrazek 3). Mikroskopicky je
v fasnatém télese vietenobunécny fascikuldrné uspora-
dany tumor bez cytologickych atypii a bez zvysené mi-
totické aktivity (Obrazek 4). Tumor je dobfe ohranic¢eny
a bez zndmek invazivniho rdstu a angioinvaze (Obra-
zek 5). Imunohistochemicky je v nadorovych bunkach
negativni s100, HMB45 a Melan A (Obrazek 6). Imunohis-
tochemicky je v nddorovych burikach silné pozitivni aktin
a h-caldesmon (Obrazek 7). Prolifera¢ni aktivita v barveni
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Obrazek 6. Mikroskopicky snimek nadoru s negativitou marker HMB
i MelanA

Ki67 je nizkd (do 5 %). Zavér patologického vysetfeni je
Leiomyom fasnatého télesa. Protoze je leiomyom benig-
ni nador, neprovadime dalsi celkova vysetieni.

Pooperacné je vyvoj pacientky bez komplikaci, lokal-
né ponechdvame kombinovany preparat ve formé masti
3 tydny a pro pénovitou sekreci pak jesté tyden antibio-
tickou mast s tobramycinem 1xd doplnénou o vyplach
ocniho dllku borovou vodou. Pro klidny nélez je pacient-
ka objednana ke zhotoveni sklenéné protézy.

Pacientka je nyni 5 mésicl po enukleaci sledovana s ka-
taraktou na pravém oku, pro ztenceni ve vrstvé RNFL ji
byla posilena lokalni antiglaukomova medikace na fixni
kombinaci timolol-latanoprost. Nasim aktualnim cilem
je pacientce vhodné nacasovat operaci katarakty vpra-
vo a sledovat stav o¢niho dlilku po operaci, ktery je nyni
klidny, je bez patologické sekrece a ragad.

DISKUZE

Klinicky je tézké odlisit leiomyom od maligniho mela-
nomu [1,2,6-10]. Vedle vysetieni na Stérbinové lampé,
fundu v mydridze a gonioskopii je v diagnostice nitroo¢-
nich nador( stézejni vysetiovaci modalitou UZ vysetreni
[11-13]. A-scan nam dava informaci o vnitini echogenité
|éze, B-scan pouzivame k zméreni posteriorné ulozeného
loziska [12]. Ultrazvukova biomikroskopie (UBM) je zasad-
ni pro diagnostiku |ézi v oblasti fasnatého télesa a duhov-
ky a odlisi tumor fasnatého télesa s duhovkovou kompo-
nentou od tumoru duhovky a periferniho choroidalniho
tumoru [1,11-14]. Pro uvedlni melanom je na A-scanu ty-
picky vysoky prvni peek a nizkd az stfedni reflektivita tu-
moru [13,15]. U leiomyomu byla popsana vysoka, stred-
ni i nizka reflektivita, a proto ultrazvukové vysetieni
nemUze odlisit leiomyom od uvedlniho melanomu [1].
V porovnani s AS-OCT, které je rychlé, nevyzaduje pfi-
my kontakt s okem, je nevyhodou UBM jeho ¢asova na-
ro¢nost, nutnost vysetfeni provadét zkusenym lékafem
a pfimy kontakt s okem [14]. Negativem AS-OCT je zase
nizsi penetrace pigmentovanou tkéani [14]. Transskleralni

Obrazek 7. Mikroskopicky snimek nddoru s pozitivitou markerd smooth
muscle actin (SMA) a h-caldesmon

transiluminace je dalSim neinvazivnim diagnostickym vy-
Setfenim, které nam muze pomoci v charakteristice pred-
niho uvealniho tumoru [1,3].

Aspiracni biopsie tenkou jehlou je indikovana zejména
v nejasnych pfipadech [16]. Provadi se 25-30G jehlou jak
skleralng, tak i transvitredIné, jeji moznou komplikaci je
krvaceni, iatrogenni ocni postizeni a riziko seedingu tu-
moru [1,17,18]. Negativni cytologicky néalez malignity by
nemél byt povazovan za jednozna¢ny dukaz vylucujici
malignitu [18].

MR ma zasadni roli pro detekci nadoru, stanoveni jeho
charakteru, progrese, planovani |é¢by a sledovani efek-
tu lécby [13]. Zakladni MR protokol v diagnostice uve-
alniho melanomu obsahuje T1 a T2 vazené skeny pred
a po podani kontrastni latky (gadolinium) [19]. Typicky
uvealni melanom je v T1 vazeném skenu hyperintenzni,
na T2 vazeném skenu hypointenzni [19]. Leiomyom je
na T1 vazeném skenu izointenzni az hyperintenzni a na
T2 vazeném skenu hypointenzni [5]. Pfi podezieni na
metastaticky proces a v pfipadé, ze nezname primarni
lozisko tumoru, je indikovano biochemické vysetieni,
RTG S+P, UZ bficha, vysetieni hormona stitné zlazy,
kozni vysetfeni, nddorové markery, celotélovd pocita-
¢ova tomografie (CT), fibroskopie Zaludku, kolonosko-
pie, scintigrafie skeletu, u Zen pak gynekologické vyset-
feni a mamografie, u muzl vysetteni prostaty [15]. PFi
negativnim vysledku pak PET nebo SPECT [15]. Uvealni
melanom je nejc¢astéjsim primarnim nitroo¢nim nado-
rem, ktery metastazuje nejcastéji do jater, dale pak do
plic a kosti [13]. Cilem 1é¢by uvedlniho melanomu je za-
chovat bulbus, jeho funkci a zabranit metastatickému
rozsevu [13]. Podle stadia onemocnéni volime lé¢ebny
postup. Pfistup k 1é¢bé by mél byt multioborovy. Mul-
tidisciplinarni tym by mél obsahovat oftalmologa, ra-
diologa a specialistu radiacni onkologie [13,20]. Podle
stadia onemocnéni volime 1é¢bu [20,21]. Soucasnymi
moznostmi lé¢by uvedlniho melanomu je pravidelné
sledovani, transpupildrni termoterapie, brachyterapie
vyuzivajici radionuklidy Ru106 a I-125, teleradioterapie
a chirurgickd lé¢ba od bulbus zachovavajicich vykont
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az po enukleaci a exenteraci orbity u pokrocilych nado-
rd s extrabulbdrnim Sifenim [20,21].

V ramci diferencidlni diagndézy musime jesté brat
v Uvahu metastdzu karcinomu prsu a bronchogenniho
karcinomu, schwannom, neurofibrom, melanocytom,
adenom a adenokarcinom epitelu fasnatého télesa, me-
duloepitelom a choroidaini hemangiom [7,10]. Melanom
a schwannom pak musime brat v Gvahu i v ramci mik-
roskopické diferencidlni diagnostiky [22]. Metastazy jsou
nejcastéjsim nitroocnim nadorem s typickou lokalizaci na
zadnim polu choroidey [23]. Jedna se Casto o viceletné,
ve 20-40 % bilateralni ploché léze Zlutavé, krémovité,
méné Casto pak oranzové barvy asociované s pfitomnos-
ti subretindlni tekutiny [2,23]. Na rozdil od melanomu je
pro nitroo¢ni metastazu na UZ A scan typicka vyssi vnitini
reflektivita [23]. Nejcastéjsim primdrnim loziskem je kar-
cinom prsu, poté pak bronchogenni karcinom [2,23,24].
Nitroo¢ni schwannom je extrémné vzacny benigni tumor
fasnatého télesa a choroidey, méné casto pak duhovky
[25]. V klinické praxi muze byt stejné jako leiomyom za-
ménény s amelanotyckym melanomem a od uvedlniho
melanomu ho odlii az imunohistochemické vysetreni
[25]. Uvealni neurofibromy jsou vysoce asociovany s neu-
rofibromatdzou a jedna se o difuzni Iéze choroidey [2].
Melanocytom je benigni pigmentovana léze nejcastéji
v tésné blizkosti terce zrakového nervu, metodou IéCby
je sledovani [26,27]. Adenomy a adenokarcinomy epitelu
fasnatého télesa jsou velmi vzacné solidni nadory, které
byvaji ¢asto zaménéné za melanom a léceny brachytera-
pii nebo enukleaci [2,28,29]. Meduloepitelom je unilate-
ralni nador détského véku, primérny vék v dobé diagné-
zy je 5 let a terapii je obvykle enukleace [2,30]. Choroidalni

hemangiom je amelanotickd ¢ervenooranzové masa ko-
pulovitého nebo plakoidniho vzhledu, vyskytuje se nej-
¢astéji na zadnim pdlu [14,31]. Na rozdil od melanomu,
se kterym muze byt zaménén, je pro néj typické na UZ

A-scan vyssi vnitini reflektivita, washout fenomén pfi an-
giografii oka indocyaninovou zeleni [14,31,32].

ZAVER

Cilem tohoto kazuistického sdéleni bylo ukazat na
obtiznost diagnostiky nitroo¢niho leiomyomu. Bylo
provedeno nékolik klinickych a zobrazovacich vysetieni
a vSechna ukazovala na diagnézu melanomu fasnaté-
ho télesa. Diagndza nitroo¢ni metastazy byla vyloucena
klinickym a ultrazvukovym vysetfenim. AZ imunohisto-
chemické vysetreni odlisilo tumor od maligniho melano-
mu a potvrdilo diagnézu leiomyomu fasnatého télesa.
| pfesto, ze jsou tyto dva nadory klinicky neodliSitelné,
na diagnézu leiomyomu bychom méli pomyslet v pfipa-
dé, Zze tumor nalezneme u mladsich pacientt a zejména
Zen. Lokalizace nadoru je pro leiomyom castéjsi v oblasti
rasnatého télesa a periferie cévnatky a postihuje supraci-
liarni a suprachoroidalni prostor [9]. Oproti tomu se mela-
nom ¢astéji nachazi centralnéji a postihuje stroma [9]. Pfi
suspekci na maligni nitroo¢ni 1ézi je nutné multimodal-
ni zobrazeni a tésna spoluprace oftalmologa, radiologa
a radia¢niho onkologa.

Podékovani: Dékuji za poskytnuti fotografie enukleo-
vaného bulbu MUDr. Katefiné Zelenkové, FEBO, kterd
byla také operatérem.
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SOUHRN

Cil: Cilem studie je vyhodnotit opakovatelnost méfeni neinvazivniho break-up time (NIBUT) keratografem pfi jeho stanoveni z jednoho, dvou ¢i
trech dilcich méreni a doporucit pro praxi vhodnou metodiku. Dalsim cilem je ovéfit, zda opakovana méfeni neovliviiuji mérenou hodnotu.
Material a metodika: Do studie bylo zafazeno 38 zdravych dobrovolnikd (30 Zen a 8 muz() ve véku od 19 do 50 let, u kazdého bylo méreno vzdy
jen jedno oko. Studie byla koncipovana jako prospektivni. Po 15minutové adaptaci na podminky vysetfovny podstoupil kazdy ucastnik dvé série
méreni NIBUT (test, retest) na keratografu OCULUS 3. Minimalni ¢asovy odstup obou sérii byl 10 minut, kazd4 série obsahovala tfi dil¢i méreni
v odstupu pfiblizné 3 minuty. Vysledny NIBUT byl v kazdé sérii stanoven (A) jako prvni hodnota v dané sérii, (B) jako priimér prvnich dvou nebo (C)
vsech tfi méreni v dané sérii. Opakovatelnost byla hodnocena Bland-Altmanovou analyzou a vyjadiena koeficientem opakovatelnosti. Sledovan
byl vzdy pouze ¢as prvniho roztrzeni slzného filmu.

Vysledky: Statisticka analyza neprokazala statisticky signifikantni rozdily jak mezi dil¢imi méfenimi NIBUT v jednotlivych sérii (p = 0,92, p = 0,81),
tak pfi porovnani vsech Sesti méreni (p = 0,95). Primérné hodnoty dil¢ich méreni se pohybovaly od 13,6 s do 14,4 s. Pro postupy A, B a C byly
zjistény koeficienty opakovatelnosti (po fadé) 15,0 s, 12,1 s a 10,0 s. Dopliujici analyza pro 12 o¢i s nizkym NIBUT (< 10 s) prokazala statisticky
signifikantné lepsi opakovatelnost v této skupiné, a to s koeficienty 7,0 s (metodika A), 6,0 s (B) a 4,6 s (C) .

Zavér: Stanoveni NIBUT ze tfi po sobé jdoucich méfeni (s dostate¢nym, ideadlné nékolikaminutovym odstupem) vyznamné zlep3uje opakovatel-
nost. Pfitom takto opakovana méfeni NIBUT nemaji vyznamny vliv na méfenou hodnotu. Uvedenou metodiku méfeni NIBUT na keratografu lIze
doporucit pro pouziti v praxi.

Klicova slova: break-up time test, BUT, NIBUT, opakovatelnost méfeni, slzny film, syndrom suchého oka

SUMMARY
REPEATABILITY OF NONINVASIVE BREAK-UP TIME MEASUREMENTS USING
KERATOGRAPH OCULUS 3

Aim: The primary aim of this study is to evaluate the repeatability of noninvasive break-up time (NIBUT) measurement by keratograph when it is
determined from one, two or three partial measurements, and to recommend a suitable methodology for practice. Another goal is to verify that
repeated measurements do not affect the measured value.

Material and Methods: Thirty-eight healthy volunteers (30 women and 8 men) aged between 19 and 50 years old were included in the study, in
which only one eye of each volunteer was measured. The study was designed as a prospective one. Each subject adapted to the local conditions
of the laboratory for 15 minutes and subsequently underwent two series of NIBUT measurements (test, retest) on an OCULUS 3 Keratograph. The
minimum time interval between the two series was 10 minutes, in which each series contained three partial measurements approximately 3 three
measurements in the given series. Repeatability was assessed by a Bland-Altman analysis and expressed as a repeatability coefficient. In every case,
only the time of the first break-up of the tear film was monitored.

Results: The statistical analysis did not show statistically significant differences both between partial measurements of NIBUT in the individual
series (p = 0.92, p = 0.81) and when comparing all six measurements (p = 0.95). The mean values of the partial measurements ranged from 13.6 s to
14.4 s. The repeatability coefficients were found to be 15.0's, 12.1 s and 10.0 s for methodologies A, B and C, respectively. A supplementary analysis
for 12 eyes with low NIBUT (< 10 s) showed statistically significantly better repeatability in this group, with coefficients of 7.0 s (methodology A), 6.0 s
(B) and 4.6 s (C).

Conclusion: Determination of NIBUT from three consecutive measurements (with a sufficient interval of ideally a few minutes) significantly
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improves repeatability. Such repeated NIBUT measurements do not have a significant effect on the measured value. The mentioned methodology
for measuring NIBUT on a keratograph can be recommended for use in practice.
Key words: break-up time test, BUT, NIBUT, repeatability of measurement, tear film, dry eye syndrome
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Slzny film predstavuje prvni ochrannou bariéru pred-
niho segmentu oka pred vnéjsim okolim, zaroven sehra-
va podstatnou roli ve vyzivé rohovky a lubrikaci o¢niho
povrchu. Jeho dalsi funkci je zajisténi dokonale hladkého
povrchu, ¢imz vyznamnym zpUsobem pfispiva ke kvalit-
nimu a ostrému vidéni. Snizena kvalita i kvantita slzného
filmu maze vést napf. k tzv. syndromu suchého oka (dry
eye disease, DED), ktery m{ze vyznamné snizovat kvalitu
Zivota [1]. Pfitom prevalence poruch a potizi se slznym fil-
mem v soucasnosti roste napf. v navaznosti na stale ¢as-
t&jsi a delsi pobyt v klimatizovanych prostorach, noseni
kontaktnich ¢oc¢ek nebo podstoupeni rohovkové lasero-
vé refrakéni operace [2,3].

Vyznamnym prvkem diagnostického vysetieni slzného
filmu je méreni doby jeho rozpadu, ozna¢ované jako BUT
(z angl. break-up time) [4]. Standardni metodou stanove-
ni BUT je subjektivni hodnoceni okamziku roztrzeni, kdy
je slzny film zviditelnén aplikaci fluoresceinového barviva
(invazivni BUT, IBUT). Takovyto postup vsak miZe inicio-
vat reflexni slzeni a pfedstavuje pro vySetfovaného zatéz
[5-8]. Uvedenym nezadoucim jeviim lze do zna¢né miry
predejit pouzitim objektivni neinvazivni metody vyset-
feni BUT (tzv. NIBUT) [9,10]. Stanoveni NIBUT probiha na
zakladé vyhodnoceni videozaznamu obrazu Placidovych
prstencll promitanych na predni plochu rohovky. Roztr-
Zeni slzného filmu se projevi narusenim tohoto obrazu,
které ve videu automaticky detekuje pfislusny software.
Prikladem zafizeni, které vyuziva tuto metodu, jsou kera-
tografy OCULUS verze 3 a vyssi.

Nevyhodou méfeni BUT i NIBUT je, ze jedno méfeni
muze byt zatizeno znac¢nou chybou. V pfipadé BUT se pro-
to doporucuje stanovit vyslednou hodnotu jako pramér ze
tfi po sobé jdoucich dil¢ich méfeni [11]. Cilem nasi studie
je ovéfit, zda je tato metoda, popt. jeji jednodussi modifi-
kace, vyhodna i pfi vySetfovani NIBUT na keratografu OCU-
LUS 3. Soucasné bude sledovano, zda potiebné opakovani
dil¢ich méreni NIBUT neovliviiuje stav slzného filmu.

MATERIAL A METODIKA

Soubor probandu

Studie se zucastnilo 38 dobrovolnikl (30 Zen a 8 muzi)
ve véku 19 az 50 let (primérny vék byl 24 £8 let), u kazdé-
ho subjektu bylo testovano pouze jedno oko. Testované
osoby nesmély trpét zadnymi abnormalitami predniho
segmentu oka. Dale nesmély v den méreni uzivat pfiprav-
ky, které by mohly mit na slzny film vliv. Nositelé kontakt-
nich ¢ocek byli pozadani, aby kontaktni ¢ocky neméli na-

P .

sazeny na oku minimalné 24 hodin pfed méfenim. Studie
se fidila principy Helsinské deklarace, kazdy ucastnik byl
pred zapojenim do studie podrobné sezndmen s jejim
pribéhem a podepsal informovany souhlas s ucasti na
studii.

Postup méreni

Studie probéhla jako prospektivni, opakovatelnost
méfeni byla hodnocena metodou testu a retestu. Pied
vlastnim mérenim kazdy z ucastniku stravil ve vysetrova-
ci mistnosti 15 min z divodu adaptace na mistni podmin-
ky. Béhem této doby byl seznamen s pribéhem vysetre-
ni. Nasledné probéhly dvé série méfeni NIBUT (prvni série
- test, druha série - retest), pficemz kazda zahrnovala tfi
dil¢i méfeni. NIBUT byl méfen na keratografu OCULUS
3 (Oculus, Wetzlar, Némecko). Mezi obéma sériemi byl
dodrzen casovy odstup alesport 10 min (v priiméru 14
+4 min), mezi dil¢imi méfenimi v jednotlivych sériich pfi-
blizné 3 min. U kazdého dil¢iho méfeni byl zaznamenan
¢as prvniho roztrzeni slzného filmu. Po celou dobu zapo-
jeni do studie byl ucastnik v klidovém sedu, pficemz ne-
smél vykondvat zadné Cinnosti na blizko (zejména praci
na mobilnim telefonu, notebooku, ¢teni). Vsechna méfeni
provadél jeden zaskoleny vysetfujici. Vlhkost ve vysetio-
vaci mistnosti v pribéhu celého experimentu dosahovala
hodnot 31 £6 %, teplota 22 +£1 °C, pficemz béhem méreni
jednoho ucastnika nedochazelo k vyznamnym zménam.

Vlastni méfeni roztrzeni slzného filmu na topografu
OCULUS 3 bylo automaticky zahajeno po dvojim mrknu-
ti, ke kterému byla vysetfovana osoba vyzvana, a probi-
halo maximalné po dobu 24 s (tj. vyssim hodnotam NI-
BUT byl vzdy ptifazen ¢as 24 s). Pokud k dal$imu mrknuti
doslo pred detekovanym narusenim slzného filmu, bylo
toto méreni nahrazeno dalSim. Béhem vysetieni sledoval
Ucastnik fixa¢ni svétlo pfistroje s bradou a ¢elem zapre-
nymi v opérce.

Analyza dat
Vyslednd hodnota NIBUT byla stanovena tfemi meto-
dikami:
A - jako prvni naméfena dil¢i hodnota v dané sérii,
B — jako prameér prvnich dvou dil¢ich hodnot v dané sérii,
C - jako prameér vsech tfi dil¢ich hodnot v dané sérii.
Normalita rozdéleni hodnocenych dat byla testovéna
Shapiro-Wilkovym testem. Bylo zjisténo, ze statistické
rozdéleni dat ze viech dil¢ich méreni i prGmérnych hod-
not z prvnich dvou nebo vsech tii dil¢ich méfeni v obou
sériich se odchyluji od normalniho rozdéleni. Pro parova
porovnani byl proto vyuzit Wilcoxonulv parovy test, pro
soucasné srovnani vice jak dvou hodnot byl vyuzit Fried-
manuv neparametricky test.
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Opakovatelnost méfeni ¢asu prvnihoi priimérného roztr-
Zeni slzného filmu pro viechny tfi metodiky jeho stanoveni
(A, B, Q) byla vyhodnocena metodou Bland-Altmanovy ana-
lyzy, kterd graficky vystihuje zavislost rozdil hodnot testu
(hodnot stanovenych v prvni sérii méreni) a retestu (hod-
not z druhé série méreni) na jejich primeéru [12]. Meze opa-
kovatelnosti byly vymezeny hranicemi 95% konfiden¢niho
intervalu rozdilovych dat (test - retest), pfi¢emz jeho hor-
ni a doIni mez byla ur¢ena jako primérny rozdil +1,96-SD,
kde SD je smérodatna odchylka rozdilovych dat. Hodnota
1,96-SD predstavuje tzv. koeficient opakovatelnosti CoR.
Pro jednotlivé meze opakovatelnosti byla téz stanovena
presnost jejich odhadu, a to ve formé 95% konfiden¢niho
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Obrazek 1. Bland-Altmanovy grafy vystihujici zavislost rozdil NIBUT
pfi testu a retestu na pradmérné hodnoté v pfipadé jednotlivych metodik
jeho stanoveni (A - jedno méfeni, horni graf; B — primér ze dvou
po sobé jdoucich méfeni, prostiedni graf; C — priimér ze tii po sobé
jdoucich méfteni, spodni graf). Krouzky predstavuji hodnoty rozdild
pro jednotlivé oci, plna ¢ara reprezentuje priimérny rozdil, ¢arkované
cary vymezuji 95% konfidencni interval rozdilovych hodnot a chybové
Usecky udavaji presnost stanoveni tohoto intervalu
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intervalu [13], graficky reprezentovaného chybovymi Use-
¢kami. Rozdily v opakovatelnosti mezi srovnavanymi me-
todami Ize povaZovat za statisticky vyznamné, pokud se
alespon pro jednu mez tyto intervaly neprekryvaji.

Hodnocena data byla reprezentovana priimérnou hod-
notou, smérodatnou odchylkou a pfi naruseni normali-
ty téZ medidnem a 1. a 3. kvartilem. V textu jsou prdméry
a smérodatné odchylky uvadény ve tvaru pramér + sméro-
datna odchylka. Hladina vyznamnosti pro viechny pouzité
statistické testy byla 0,05. Statistické vypocty byly provede-
ny v programu STATISTICA 13.4 (TIBCO Software Inc., Palo
Alto, CA, USA), popf. v programu MS Excel 2016 (Microsoft
Corporation, Remond, WA, USA).

VYSLEDKY

Statistickd analyza neprokazala mezi dil¢imi mérenimi NI-
BUT signifikantni rozdily, a to jak pfi porovnani viech 3esti
méfeni (p = 0,95), tak pfi samostatném hodnoceni tii mé-
feni v jednotlivych sérii (p = 0,92, p = 0,81). Stejné tak nebyl
prokézan rozdil mezi hodnotami NIBUT z testu a retestu pro
vsechny tfi uvazované metody jeho stanoveni (p = 0,97 pro
metodu A, p=0,77 pro Ba p=0,88 pro C). Statistické charak-
teristiky odpovidajicich dat jsou shrnuty v Tabulce 1.

Bland-Altmanovy grafy opakovatelnosti méreni NIBUT
stanovené metodami A, B a Cjsou zachyceny na Obrazku 1.
V souladu s vyse uvedenymi nesignifikantnimi vysledky
statistického porovnani dat se priimérné rozdily mezi tes-
tem a retestem pohybovali v tésné blizkosti nuly (A: -0,7
+7,7 5;B:-0,6 £6,2 5; C:-0,2 £5,7 s). Z grafi na Obrazku 1 je
také patrné, Ze rozptyl hodnot mezi testem a retestem je
pfi véech uvazovanych metodach stanoveni NIBUT znatel-
né mensi pro nizké hodnoty (typicky < 10 s). Vzhledem ke
klinickému vyznamu takto nizkych hodnot proto byla na-
vic samostatné provedena Bland-Altmanova analyza pro
oci, u kterych byl primér ze viech Sesti méreni < 10 s (cel-
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Obrazek 2. Grafické srovnani podstatnych prvkd Bland-Altmanovy
analyzy opakovatelnosti vySetfeni NIBUT pro cely soubor oci (vlevo)
a pro oci s nizkym NIBUT (< 10 s, vpravo) v ptipadé jednotlivych metodik
jeho stanoveni (A — jedno méfeni; B — prliimér ze dvou po sobé jdoucich
méfeni; C - prdmér ze tii po sobé jdoucich méfeni). Kfizky predstavuji
primérny rozdil, ¢arkované cary vymezuji 95% konfidenc¢ni interval
rozdilovych hodnot a chybové uUsecky udavaji presnost stanoveni
tohoto intervalu
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Tabulka 1. Statistické charakteristiky hodnot testu a retestu v pfipadé jednotlivych metodik pro stanoveni NIBUT (A - jedno méfeni, B — priimér ze dvou
po sobé jdoucich méfeni, C - pramér ze tii po sobé jdoucich méreni); SD predstavuje smérodatnou odchylku

Test
Metodika

13,6 13,7
7,5 7,1
11,2 10,9
74 8,0
20,9 19,7

A . 8 | Cc | A B | _C |

14,2 14,3 14,2 14,4
6,7 8,1 7,1 7,0
12,6 10,5 14,7 14,3
8,9 7,7 7,0 8,2
20,3 23,8 18,6 20,2

Tabulka 2. Hodnoty koeficientu opakovatelnosti (CoR) pro cely soubor a pro oci s nizkym NIBUT (< 10 s) v ptipadé jednotlivych metodik pro stanoveni
NIBUT (A - jedno méfeni, B — primér ze dvou po sobé jdoucich méreni, C — prdmeér ze tii po sobé jdoucich méreni)

Metodika
CoR pro vsechny hodnoty NIBUT (s)

CoR pro nizky NIBUT (s)

kem 12 oci). Koeficienty opakovatelnosti CoR jednotlivych
metod v pfipadé celého souboru a pro nizky NIBUT shrnu-
je Tabulka 2. Vyznamné prvky Bland-Altmanovych graf
(priimérna hodnota, meze opakovatelnosti a pfesnost je-
jich stanoveni) jsou prehledné graficky srovnény na Obraz-
ku 2, a to opét pro cely soubor a pro nizky NIBUT. Z grafti
i hodnot CoR je vidét, Ze v pfipadé analyzy celého souboru
ma nejhorsi opakovatelnost (tj. nejsirsi meze opakovatel-
nosti a nejvyssi CoR) NIBUT stanoveny na zakladé jediné-
ho méfeni (tj. metodikou A), naopak nejlepsich vysledku
bylo dosazeno pfi priiméru ze tfi po sobé jdoucich méreni
(metodika C). Rozdil v CoR mezi obéma metodikami je 5 s.
Ze statistického hlediska je rozdil mezi metodou A a C na-
znacen témér nulovym prekryvem interval(l presnosti (tj.
chybovych usecek v grafu) dolnich mezi opakovatelnosti.
| v pfipadé nizkého NIBUT CoR postupné klesa od meto-
dy A k metodé C, rozdily v3ak jiz nejsou tak zietelné (mezi
A a C se CoR lisi 0 2,4 s). Srovnani CoR stanovenych pro
vSechna data a pro nizky NIBUT (viz Tabulka 2) spolu s gra-
fickym porovnanim mezi opakovatelnosti (Obrazek 2) po-
tvrzuje, Ze opakovatelnost méfeni je signifikantné lepsi pfi
nizkych hodnotach NIBUT oproti analyze celého souboru.

Z grafli na Obrazku 1 je také mozné vypozorovat lepsi
opakovatelnost pfi hodnotach NIBUT kolem 20 s a vys-
Sich. Ta je pravdépodobné dana limitovanym ¢asem mé-
feni, kdy hodnotam NIBUT nad 24 s byla jednotné pfifa-
zena hodnota 24 s.

DISKUZE

Hodnota BUT umozniuje posoudit kvalitu slzného filmu
a je vyznamnym parametrem v diagnostice DED. Aby bylo
mozné ziskané vysledky bezpecné vyuzit v klinické praxi,
zejména v diagnostice a nasledném hodnoceni dopadu
pfipadné intervence, je nutné, aby vlastni méreni bylo
v ramci klinicky akceptovatelnych mezich opakovatelné.
Obecné Ize opakovatelnost zlepsit zprimérovanim vice
(napf. 3) méreni, jak je to obvyklé u méfeni IBUT s vyuzi-
tim fluoresceinu [11]. Nékteré studie vsak poukazuji na

A/ 8 | _c

15,0 12,1 10,0
7,0 6,0 4,6

fakt, ze opakované méreni muze u této metody ovlivnit
vysledek [14,15]. To Ize vysvétlit invazivnosti postupu, kdy
prvni aplikace fluoresceinu mize drazdit oko vice nez apli-
kace nasledné [14]. Oproti tomu u NIBUT nejsou pouZita
zadnd barviva ani farmaka a riziko podrazdéni oka je tak
vyznamné mensi. V souladu s timto pfedpokladem nase
studie pfi opakovaném méreni nevykazala u NIBUT zadné
signifikantni rozdily, a to ani pfi provedeni az 6 opakovani.
Metodu prdmeérovani nékolika po sobé jdoucich méfeni
Ize proto u NIBUT bezpecné pouzit. Nase vysledky sou-
¢asné ukazuji, Ze uziti prdméru vice méreni skutecné vede
ke zlepSeni opakovatelnosti - toto zlepSeni bylo nejvice
patrné pfi zpriimérovani tfi méfeni. Podobné zavéry lze
vyvodit i z dalSich studii, ackoliv se konkrétnim dopadem
primérovani vysledkl na opakovatelnost vétsinou expli-
citné nezabyvaly. Napt. publikace [16], ktera pracuje s po-
dobnymi prdmérnymi hodnotami NIBUT (pfiblizné 13 s)
jako nas vzorek (viz Tabulka 1), udava hodnoty CoR velmi
blizké nasim (13,2 s pro urceni NIBUT z jediného méfeni
a 10,3 s pro prlmer ze tii méreni).

Dalsim podstatnym zjisténim je zfetelnd zavislost roz-
ptylu dat testu a retestu na hodnoté NIBUT, ktera je patrna
z pribéhu Bland-Altmanovych grafd (viz Obrdzek 1), ze-
jména pokles velikosti odchylek pro hodnoty NIBUT < 10's.
Podobny pribéh Ize zaznamenat i v jinych studiich, napf.
[15-17]. Pfitom pravé hodnota 10 s byva povaZovana za
normalni hranici ¢asu prvniho roztrzeni slzného filmu [18].
Je tedy zadouci, aby v této oblasti bylo méfeni co nejpres-
né;jsi. Doplhujici analyza nasich dat skutecné potvrdila, ze
opakovatelnost méfeni NIBUT keratografem OCULUS 3 je
v této oblasti signifikantné lepsi oproti vy$sim hodnotam.
Tento fakt potvrzuji i studie [19,20] srovnavajici oci s nor-
malnim slznym filmem a s DED - o¢i s DED (tedy s niz$im
BUT) vykazovaly lepsi opakovatelnost. Oproti tomu ¢lanek
[21] uvadi opacny efekt — horsi opakovatelnost u o¢i's DED.
V tomto pripadé vsak srovndvana méreni probihala v riz-
nych dnech a vétsi variabilita NIBUT tak spiSe svédci o zvy-
sené proménlivosti parametr( slzného filmu v ¢ase pfi DED.

Ackoliv NIBUT a IBUT vykazuji vysokou vzajemnou
korelaci [22-25], vzhledem k invazivnosti IBUT se jejich
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hodnoty mirné lisi — vétsina publikaci uvadi ponékud
vy$si hodnoty u NIBUT [22,24,25], vyjimkou je studie
[23]. Vzdy je tedy dobré uvadét, jakou metodou byl
BUT zméfen. Z pohledu opakovatelnosti a variability
dat se v3ak zda, Zze oba pfistupy dosahuji podobnych
hodnot [24]. Z vysledk( prace [15] Ize dopocitat CoR
pro jedno méfeni kolem 7 s, pro pradmér ze dvou mére-
ni pfiblizné 6 s, pficemz vyrazna vétsina o¢i ma NIBUT
pod 10 s. Tato data dobfe koreluji s nasimi udaji pro
nizky NIBUT.

Limitem nasi studie je pomérné maly pocet odi s nizky-
mi hodnotami NIBUT, coZ se muUze negativné promitnout
do presnosti stanoveni CoR a signifikance vysledku. Déle
je vzhledem ke zjisténé zavislosti CoR na velikosti NIBUT
omezeno srovnani ndmi nalezenych konkrétnich hodnot
CoR s udaji z jinych studii, pokud se primérné hodnoty
NIBUT vyraznéji lisi. Urité omezeni pfedstavuje i pouzi-
ti starsi verze keratografu (OCULUS 3), pficemz vétsina
srovnavanych praci pouziva novéjsi verzi OCULUS 5M. Ta
umoznuje pri vysetieni téméf Uplné eliminovat oslnéni
a teoreticky mize dosahovat lepsich vysledkd. Dopad
opakovanych méfeni pfi pouziti verze 5 M by tedy mél

byt jesté mensi a navrzenou metodiku tii méfeni Ize do-
porucit i vtomto pfipadé.

ZAVER

Na zakladé nasich vysledkl i zjisténi z jinych dostup-
nych studii Ize pro stanoveni NIBUT pomoci keratogra-
fu OCULUS doporucit, je-li to mozné, provedeni tii po
sobé jdoucich méfeni (s dostate¢nym, idedlné nékolika-
minutovym odstupem) a za vyslednou hodnotu uvazo-
vat jejich aritmeticky prdmeér. Takto stanovena hodnota
obecné vykazuje zietelné lepsi opakovatelnost nez jedno
prosté méreni. NIBUT predstavuje ekvivalentni ndhradu
za klasicky postup vyuzivajici fluorescein, na rozdil od néj
vsak vyrazné nezatézuje pacienta a jen minimalné ovliv-
nuje stabilitu slzného filmu.
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SUHRN

Clanok podava prehlad o lie¢ebnych rezimoch lie¢iv s obsahom antivaskularneho endotelového rastového faktora na lie¢bu neovaskularnej for-
my vekom podmienenej makuldrnej degeneracii. V sucasnosti su liecivéd s obsahom antivaskuldrneho endotelového rastového faktora jedinou
uc¢innou liecbou tohto chronického a progredujiceho ochorenia. Liecebné rezimy tohto ochorenia v poslednych dvoch desatrociach zaznamenali
posun od obycajnej snahy o stabilizaciu choroby k dosiahnutiu maximalneho zlep3enia zrakovej ostrosti a jej udrzanie so zlepSenim kvality Zivota
pacienta a minimalnou lie¢ebnou zatazou pacienta a jeho rodiny. Dal3imi cielmi alternativnych davkovacich rezimov, ktoré nahradili pévodné
fixné rezimy boli vdcsia individualizacia davkovacieho rezimu, lepsia spolupraca pacienta, Setrenie finan¢nych nakladov a znizenie zataze v apli-
kacnych centrach. Vekom podmienena makuldrna degenerdcia, ¢i jej suchd forma alebo vihkéd forma predstavuje zévazny zdravotny a socioeko-
nomicky problém, nakolko ochorenie patri medzi naj¢astejSiu pri¢inu zadvaznej a ireverzibilnej poruchy centralnej zrakovej ostrosti az na uroven
praktickej slepoty jedného alebo obidvoch o¢i u ludi nad 50 rokov vo vyspelych priemyselnych krajindch. Najdoélezitejsia je skord diagnostika
tohto ochorenia a nasledne promptna a kontinudlna liecba individualizovanym proaktivnym liecebnym reZzimom s cielom stabilizovat a zlepsit
anatomické a funk¢né vysledky.

Klucové slova: rezimy liecby, vaskularne endotelové rastové faktory, antivaskularne endotelové rastové faktory, neovaskularna forma vekom
podmienenej makuldrnej degenerécie

SUMMARY
TREATMENT REGIMENS OF NEOVASCULAR FORM OF AGE-RELATED MACULAR
DEGENERATION. A REVIEW

This article presents an overview of treatment regimens of drugs containing antivascular endothelial growth factor for the treatment of neovascular
form of age-related macular degeneration. Currently, drugs containing antivascular endothelial growth factor are the only effective treatment for
this chronic and progressive disease. The treatment regimens for this disease in the last two decades have seen a shift from a simple endeavor to
stabilize the disease to achieving maximum improvement of visual acuity and its maintenance, with improvement of the patient's quality of life
and a minimal treatment burden on patients and their families. Other goals of the alternative dosing regimens that have replaced the original
fixed regimens were greater individualization of the dosing regimen, better patient cooperation, saving financial costs and reducing the burden
on application centers. Age-related macular degeneration, whether dry form or wet form, represents a serious health and socioeconomic problem,
as the disease is one of the most common causes of severe and irreversible central visual acuity disorders up to the degree of practical blindness
of one or both eyes in people over 50 years of age in developed industrialized countries. The most important issue is to ensure early diagnosis of
this disease, followed by prompt and continuous treatment with an individualized proactive treatment regimen, with the aim of stabilizing and
improving anatomical and functional results.

Key words: treatment regimens, vascular endothelial growth factor, antivascular endothelial growth factors, neovascular age-related macular
degeneration
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V sucasnosti liekom prvej volby liecby neovaskularnej
(vinkej) formy vekom podmienenej degeneracie makuly
(VPDM) s lie¢iva s obsahom antivaskuldarneho endotelo-
vého rastového faktora (anti-VEGF) s aplikaciou do intravit-
redlneho priestoru, ak nie st kontraindikacie intravitredlne-
ho podania tejto lie¢by. Ide o protilatky proti vaskuldarnemu
endotelovému rastovému faktoru (VEGF), hlavhému me-
didtorovi angiogenézy, ktoré zabranuju rastu novotvore-
nych krvnych ciev a znizuju nadmernu cievnu permea-
bilitu [1]. Zakladnou patofyziologickou jednotkou vlhkej
formy VPMD je choroidalna neovaskularizécia (CNV). CNV
je definovana ako rast novotvorenych krvnych ciev z ob-
lasti choroidey pod retindlny pigmentovy epitel (sub-RPE)
alebo do subretindlneho priestoru. Hoci ndzov a zakladna
definicia poukazuje iba na vaskularnu zlozku, CNV je pres-
nejsie definovand ako rast aberantného tkaniva zlozeného
z endotelovych a imunitnych buniek, na ktorom sa podie-
la angiogenéza a zdpal [2]. Medzi pocetné identifikované
aktivatory angiogenézy patri predovsetkym uz spominany
VEGF. VEGF je homodimericky glykoprotein s monomermi
postavenymi oproti sebe. Doteraz je znamych Sest pod-
typov VEGF, a to VEGF-A, B, C, D, E a placentarny rastovy
faktor - PIGF (placenta growth factor). U ludi sa VEGF-A vy-
skytuje v 5tich izoformach: VEGF-A121, VEGF-A145,
VEGF-A165, VEGF-A189 a VEGF-A206. Izoformami naj-
CastejSie sa vyskytujucimi v fudskom oku su VEGFA121
a VEGFA165 [3]. VEGF-A sa viaze na povrch endotelovych
buniek cez receptory VEGF-R1 a VEGF-R2. VEGF-A hra ulo-
hu vo vyvoiji aj udrzani funkcie cievneho rieciska. Zvysena
vazba VEGF na endotelové bunky vedie k angiogenéze,
lymfangiogenéze a produkcii protedz a cytokinov. Takisto
zvysuje cievnu priepustnost a ma prozapalovy efekt. PIGF
moze posobit synergicky s VEGF-A na aktivaciu VEGF-R1.
Vzhladom na klicové postavenie VEGF v patogenéze CNV
bola molekula VEGF identifikovana ako vhodny kandidat
cielenej biologickej lie¢by [4]. Pouzitie lie¢iv s obsahom
anti-VEGF v beznej klinickej praxi bolo podporené mno-
hymi randomizovanymi klinickymi Stddiami, v ktorych
bola preukdzand ich u¢innost, bezpecny profil a nizka inci-
dencia neziaducich ucinkov. Ich dalSou vyhodou je kratky
biologicky polcas, ¢o vedie k rychlemu odburavaniu latky
z organizmu. Lieciva s obsahom anti-VEGF blokuju vazbu
a aktivaciu receptorov pre molekuly VEGF a proliferaciu
endotelovych buniek choroiddlnych neovaskularizacii
a sietnicovych ciev, a tym inhibuju rast abnormalnych no-
vych ciev a znizuju nadmernu cievnu permeabilitu. Klu¢o-
vym faktorom pre stabilizaciu ochorenia a ¢astokrat aj pre
dosiahnutie zlep3enia zrakovej ostrosti (ZO) je jeho v¢asna
diagnostika a neodkladné zacatie liecby [5]. Najprinosnej-
$imi diagnostickymi testami na detekciu novo vzniknutej
alebo recidivujucej patologickej novotvorby ciev a na in-
dikaciu a sledovanie lie¢by su nové diagnostické modality,
ktorymi su optickd koheren¢nd tomografia (OCT), angio-
grafia OCT (A-OCT), a stdle aj fluoresceinova angiografia
(FAG) a indocyaninova angiografia (ICGA). OCT vysetrenie
vyznamne prispieva k hodnoteniu ochorenia a priebehu
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liecenie. Je to neinvazivne, nekontaktné, transpupilarne
vySetrenie sietnice s vysokou rozliSovacou schopnos-
tou vyuzivajucou opticku reflektivitu, zobrazuje sietnicu
a okolité Struktdry zadného pdlu oka v prie€nom priere-
ze, upresnuje lokalizaciu zmien a objektivizuje ich hrab-
ku. Invazivna FAG alebo ICGA rozlisi novotvorené cievy
pod sietnicou a eventualne pod retindlnym pigmentovym
epitelom (RPE) pomocou kontrastnych latok podanych
do kubitalnej Zily [6,7]. A-OCT je najnovsia neinvazivna
zobrazovacia vysetrovacia metdda, ktora umoznuje zobra-
zenie krvného toku sietnicovych ciev a choroidey s vyso-
kym rozlidenim, takisto rozliSi novotvorené cievy a sluzi na
diagnostiku a monitoring. Zhotovujeme aj farebné snimky
oc¢ného pozadia digitdlnou fundus kamerou. Pri vysetreni
sa ziskavaju snimky priameho, zva¢seného obrazu o¢ného
pozadia. Snimky vyhodnocuje pocitac [8,9].

Diagnostika VPDM

Diagnéza VPMD sa stanovi na zaklade kompletného
oftalmologického vysetrenia s dorazom na zistenie subjek-
tivnych tazkosti pacienta, dalej rodinnej, osobnej anam-
nézy a celkového stavu pacienta. Stanovi sa ZO do dialky
s optimalnou korekciou na ETDRS (Early Treatment Diabe-
tic Retinopathy Study) optotype, t.j. najlepsie korigovana
zrakova ostrost (NKZO). Odmeria sa vnutroo¢ného tlaku
(VOT). Morfologické vysetrenie zahffa biomikroskopiu
predného segmentu oka pomocou Strbinovej lampy a vy-
Setrenie nalezu na o¢nom pozadi Specidlnymi SoSovkami
v mydridze. NajnovSou zobrazovacou vysetrovacou me-
tédou, OCT vysetrenim, vizualizujeme Struktdry makuly
z profilu, ako je opuch sietnice, patologické neovaskulari-
zacie a nadvihnutie neuroretiny [10].

Typy lieciv s obsahom anti-VEGF (stru¢ny prehlad)

V sucasnosti mame Eurépskou liekovou agenturou
(EMA), na on-label lie¢bu schvalené 4 typy anti-VEGF pre-
paratov (ranibizumab, aflibercept, brolucizumab a farici-
mab) a tri biosimilary (ranibizumab). V rezime ,off-label”
pouzivany na intravitredlnu lie¢bu ocnych patologickych
cievnych ochoreni je bevacizumab, pretoze neexistuje
schvalenie FDA (Federdlny urad pre kontrolu potravin
a lie¢iv - vladna agentura USA, ktora je zodpovedna za
kontrolu a regulaciu potravin, potravinovych doplnkov,
lieciv, kozmetickych pripravkov, lekarskych pristrojov,
biofarmaceutickych a krvnych produktov v tejto krajine)
pre jeho pouzitie v oftalmolégii [11-14].

Prvym Ucinnym prepardtom na liecbu vihkej forme
VPMD bol pegaptanib sodny (Macugen, Pfizer), modifi-
kovany RNA oligonukleotid, ktory sa selektivne s vyso-
kou afinitou viaze 3pecificky iba na izoformu VEGF-A165
a blokuje jej vazbu na receptor. Pre nizsiu Uc¢innost v po-
rovnani s inymi anti-VEGF preparatmi sa na Slovensku uz
nepouziva [15,16].

Druhym anti-VEGF preparatom uvedenym na trh je ra-
nibizumab (Lucentis, Novartis Pharma GmbH) (Obrazok 1
A). Je to fragment humanizovanej rekombinantnej mo-
noklondlnej protilatky velkosti 48 kDa (kiloDalton), kto-
ra nema Fc fragment, a ktord bola vytvorena v bunkach
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Escherichia Coli rekombinantnou DNA technoldgiou.
Cielom G¢inku ranibizumabu su vietky izotopy VEGF-A,
a tym zabranuje vzniku vazby VEGF-A na jeho receptory
VEGF-R1 a VEGF-R2 na endotelovych bunkach CNV, ¢im
brani rastu a zva¢sovaniu tychto CNV membran. Mala vel-
kost jeho molekuly umoziuje po intravitredlnej aplikacii
l[ahku priestupnost cez sietnicu k ciefovej CNV membra-
ne. Jeho dalSou vyhodou je kratky plazmaticky polcas, ¢o
vedie k rychlemu odburavaniu latky z organizmu. Uéin-
nost, bezpecnost a spdsoby davkovania ranibizumabu
boli overované niekolkoro¢nym vyskumom. Zakladnymi
klinickymi $tudiami na zistenie Ucinnosti a bezpecnosti
boli MARINA a ANCHOR, ktoré jednoznacne preukazali
pozitivny efekt tejto lie¢by. Studie, ktoré overovali ucin-
nost pri réznych spésoboch déavkovania boli PIER, EXCITE,
SUSTAIN, SAILOR a PrONTO. Jeden mlinjekéného roztoku
obsahuje 10 mg ranibizumabu. Jedna naplnena injekéna
striekacka obsahuje 0,165 ml, ¢o zodpovedd 1,65 mg ra-
nibizumabu. Objem, ktory moZno ziskat z jednej naplne-
nej injekénej striekacky, je 0,1 ml. Poskytuje vyuzitelné
mnozstvo na podanie jednorazovej davky 0,05 ml, ktoré
obsahuju 0,5 mg ranibizumabu [17].

Tretim anti-VEGF preparatom je aflibercept (Eylea,
Bayer AG) (Obréazok 1 B) je rekombinantny fuzny protein
s velkostou 115 kDa, ktory kombinuje Fc ¢ast plnej mo-
noklondlnej protildtky a dve najvyssie afinitné domény
VEGF receptora typu VEGF-R1 a VEGF-R2. Po intravitre-
alnom podani pdsobi svojimi receptormi ako navnada
pre VEGF-A, VEGF-B a PIGF, a tym zabranuje ich poso-
beniu na receptory endotelovych buniek sietnicovych
a choroidalnych membran, ¢im brani rastu a zvacsova-
niu tychto CNV membran. U&innost a bezpeé¢nost afli-
berceptu overili klinické studie VIEW 1 a VIEW 2. Okrem
tychto dvoch velkych klinickych studii existuju rézne
publikacie, hodnotiace efekt afliberceptu v beznej kli-
nickej praxi. Prevazne sa jednda o publikacie, porovna-
vajuce ucinnost liecby afliberceptu s inymi anti-VEGF
preparatmi, pripadne hodnotia jeho efekt u pacientov
po prechadzajucej lie¢be inym anti-VEGF prepardtom.
1 ml injek¢ného roztoku obsahuje 40 mg afliberceptu.
Kazda naplnena injek¢nd striekacka obsahuje 0,09 ml,
¢o zodpoveda 3,6 mg afliberceptu. To poskytuje pouzi-
telné mnozstvo na podanie jednorazovej davky 0,05 ml
obsahujucich 2 mg afliberceptu [18].

LT,

Novsie dostupnym a zaroven Stvrtym anti-VEGF prepara-
tom je Brolucizumab (Beovu, RTH 258, predtym ESBA 1008,
Novartis Pharma GmbH) (Obrdzok 1 C). EMA schvdlila brolu-
cizumab na pouZivanie v Europskej Unii 17. februara 2020. Na
Slovensku je brolucizumab od 1. augusta 2021. Brolucizumab
je jednoretazovy fragment humanizovanej monoklondlnej
protilatky Fv s jednym retazcom (scFv) vytvorenej v bunkach
Escherichia Coli rekombinantnou DNA (deoxyribonukleova
kyselina) technoldgiou. Brolucizumab inhibuje vietky izofor-
my VEGF-A na receptory VEGF-R1 a VEGF-R2. Jeho molekulo-
va hmotnost je 26 kDa, v porovnani so 115 kDa afliberceptu
a 48 kDa ranibizumabu. Maly rozmer molekuly umoznuje
vytvorit injekény roztok s vysokou koncentraciou brolucizu-
mabu az 120 mg/ml. Kazda naplnend injekéna striekacka ob-
sahuje 19,8 mg brolucizumabu v 0,165 ml roztoku. Poskytuje
vyuzitelné mnoZstvo na podanie jednorazovej davky 0,05 ml
roztoku, ktora obsahuje az 6 mg brolucizumabu. Udaje z 3.
fazy registracnych klinickych studii HAWK a HARRIER preuka-
zali, Ze brolucizumab podavany ako 3 Uvodné intravitredlne
injekcie a nasledne podavany v 8 a 12 tyzdnovych interva-
loch bol neinferiérny v porovnani s afliberceptom v zmene
Z0 a zaroven v porovnani s afliberceptom preukdzal lepsiu
redukciu tekutiny v sietnici (intraretindlnej a/alebo subreti-
nélnej, sub-RPE). Av3ak, pri liecbe brolucizumabom bol ce-
losvetovo zaznamenany vy3si vyvoj neziaducich Gcinkov vo
forme vnutroocného zapalu, vratane retinalnej vaskulitidy
a/alebo retindlnej vaskularnej okluzie, ktoré sa objavili uz po
prvej intravitredlnej aplikacii a/alebo kedykolvek pocas liecby
s naslednym poklesom BCVA. Hoci, pokles BCVA bol vo vacsi-
ne pripadov po zacati protizapalovej liecby kortikosteroidmi
reverzibilny, aplikacné centra pristupuju k indikacii brolucizu-
mabu opatrnejsie a prisnejsie [19,20].

Vyvoj zatial piateho anti-VEGF lieciva, napriek dolezitym
klinickym Uspechom anti-VEGF lieciv, vychadzal z niekto-
rych limitov anti-VEGF lieCiv, ktoré stéle zostavaju, vratane
vysokej lieCebnej zataze, pritomnosti neuspokojivych vy-
sledkov u urcitého percenta pacientov a dlhodobého po-
klesu ZO v dosledku komplikacii, ako je makularna atrofia
a fibréza. Zacielenie na angiopoetin/Tie (Ang/Tie) drahu
mimo drahy VEGF méze byt moznou terapeutickou stra-
tégiou, ktord méze mat potencidl vyriesit niektoré z vyssie
uvedenych problémov [21,22].

Piaty anti-VEGF preparat, Faricimab (Vabysmo™, Ge-
nentech, San Francisco, CA) (Obrazok 1 D) je liek s kom-

Obrazok 1. Molekuly anti-VEGF |éciv
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binovanym mechanizmom so suc¢asnou a nezavislou
vazbou na VEGF-A a angiopoetin-2 (Ang-2). Je to huma-
nizovana bispecifickd 1gG protilatka vyrobend technolé-
giou rekombinantnej DNA v cicavcej bunkovej kulture
vajecnikov cinskeho 3krecka (Chinese Hamster Ovary,
CHO). Faricimab ma celkovt velkost 150 kDa a jeho Struk-
taru tvoria 2 fragmenty viazuce antigén (Fab), respekti-
ve viazuce sa na Ang-2 a VEGF-A, a modifikovana oblast
krystalizovatelného fragmentu (Fc oblast). Faricimab
bol vyvinuty technolégiou CrossMAB. Tato technolégia
je zalozend na prekrizeni protilatkovej domény v ramci
jedného Fab ramena bispecifickej IgG protilatky, aby sa
umoznilo spravne spojenie retazca, to umoznuje hetero-
dimerizaciu 2 r6znych domén viazucich antigén v jednej
molekule, preto je tento proces ,cross-over” spojeny s vy-
sokou afinitou faricimabu k Ang-2 aj VEGF-A a napriek
tomu s lepSim profilom stability v porovnani s prirodze-
nymi protildtkami. Su viak potrebné dalsie studie, ktoré
poskytnu dalsi dékaz o ulohe drahy Ang/Tie pri prevencii
fibrézy pri ochoreniach sietnice. Faricimab bol schvaleny
FDA v januari 2022 a EMA v septemberi 2022. Vysledky
studii fazy Il TENAYA a LUCERNE u vlhkej formy VPDM
preukazali potencial faricimabu udrzat si klinickd ucin-
nost pri dlhSich lie¢ebnych rezimoch v porovnani s afli-
berceptom (12 alebo 16 tyzdriov) s dobrym bezpecnost-
nym profilom [21,22].

Bevacizumab je plne humanizovana re-kombina¢na
monoklondlna protilatka 1gG1 proti VEGF-A o velkos-
ti 148 kDa schvalena na intravenéznu lie¢bu dospelych
pacientov s nadorovym ochorenim (metastazujuci kar-
cindbm hrubého ¢reva alebo rekta, karcinom prsnika,
plucny karcinom). Tento liek je tiez Siroko pouzivany
v intravitredlnej lie¢be ocnych ochoreni v rezime ,off-la-
bel”, pretoZe neexistuje schvalenie FDA pre jeho pouzitie
v oftalmoldgii [17,23].

Biosimilar je tzv. biologicky podobny liek. To znamenj,
ze liek biosimilar je velmi podobny inému biologickému
lieku (biologikum — pochadza z biologického zdroja - zo
zivych buniek alebo organizmov), t j. referenénému lie-
ku, ktory je uz v Eurdpskej unii povoleny. EMA postup-
ne schvdlila tri biosimildry, Byooviz (Samsung Bioepis NL
B.V, Holandsko) v auguste 2021, Ranivisio (Midas Phar-
ma GmbH, Nemecko) v auguste 2022 a Ximluci (STADA
Arzneimittel AG, Nemocko) v novemberi 2022. Referenc-
nym liekom pre lieky Byooviz, Ranivisio a Ximluci je liek
Lucentis. Liecivo liekov Byooviz, Ranivisio a Ximluci je
ranibizumab. V laboratérnych Studiach, v ktorych sa po-
rovnavali lieky Byooviz, Ranivisio a Ximluci s liekom Lu-
centis, sa preukazalo, Ze lieCivo liekov Byooviz, Ranivisio

a Ximluci je velmi podobné liecivu lieku Lucentis, pokial

ide o Strukturu, cistotu a biologicky ucinok. Kedze lieky
Byooviz, Ranivisio a Ximluci su biologicky podobné lieku
Lucentis, Studie ucinnosti a bezpec¢nosti ranibizumabu
uskutocnené s liekom Lucentis sa v pripade liekov Byoo-
viz, Ranivisio a Ximluci nemusia opakovat. EMA rozhodla,
7e v sulade s poziadavkami EU pre biologicky podobné
lieky sa v pripade liekov Byooviz, Ranivisio a Ximluci pre-
ukdzala velmi podobnd Struktura, Cistota a biologicky
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ucinok ako v pripade lieku Lucentis a ze sa v tele distribu-
uju rovnakym spésobom. EMA, preto usudila, Ze tak, ako
v pripade lieku Lucentis, prinos liekov Byooviz, Ranivisio
a Ximlu je vacsi nez identifikované rizika a mézu byt po-
volené na pouzivanie v EU [14].

Liecebné rezimy

Stratégiou v procese liecby vihkej formy VPDM je algo-
ritmus rozhodovania o volbe najvhodnejsieho sp6sobu
liecby. Cielom liecby je dosiahnutie a dlhodobé udrzanie
maximalnej odpovede na lie¢bu s ¢o najlepsim funkénym
a anatomickym vysledkom. Otazkou preto je, ¢o je krité-
riom Uspesnosti liecby. Dolezité je redlne si stanovit, kedy
sa zlepSenie ZO stava klinicky vyznamnym. Neovaskular-
na forma VPMD vo svojom prirodzenom priebehu vedie
k strate 2,7 riadkov ETDRS optotype za rok a 4 riadkov
ETDRS optotype za 2 roky. Preto, signifikantnym a klinic-
ky vyznamnym vysledkom pre pacienta, ktory zvysuje
pacientovu kvalitu zivota sa ukdzal byt zisk 5 pismen vo
videni, t.j. zisk 1 riadka. Zasadnym predpokladom Uspes-
nej liecby je v€asna diagnostika a najma vcéasné zacatie
bezpecnej a Ucinnej liecby. V opa¢nom pripade je lie¢ba
minimalne Uspesdna, alebo dokonca nelspesna a jej za-
¢iatok uz mnohokrat nie je ani indikovany. Avsak, ak lie¢-
ba indikovana je, trvd u velkého poctu pacientov roky,
Castokrat az celozivotne, ¢o vyplyva z etiopatogenézy
vlhkej formy VPDM. Pri celozivotnej liecbe je nevyhnut-
né zaistit dlhodobé sledovanie a individudlny pristup.
A tak, vyvoj novych lieciv a liecebnych rezimov smeruje
k predlzovaniu doby ucinku liec¢iva, k znizovaniu frek-
vencie davkovania lieCiv a k novym mechanizmom p6-
sobenia lie¢iv. Na podavanie lie¢iv s obsahom anti-VEGF
bolo skimanych a publikovanych niekolko liecebnych
rezimov [24,25]. Ciefom vyvoja liecebnych rezimov bolo
vytvorenie, ¢o najjednoduchsej a zaroven najefektivnej-
Sej liecebnej schémy. Povodné reaktivne lie¢cebné rezimy
boli prekonané v priebehu rokov a boli nahradené pro-
aktivnymi rezimami. Davkovacia schéma povodnych re-
aktivnych rezimov je nasledovang, u tzv. treat-to-target
rezime s pravidelnym mesac¢nym davkovanim lieku po-
kial nebolo ochorenie stabilné (monitorovanie odpove-
de a lie¢ba bola podavana na zdklade preddefinovanych
kritérii ZO a/alebo anatomickych kritérii) alebo rezim pro
re-nata (PRN), t.j. podavanie v pripadoch potreby, ktoré
vyzadovalo pravidelny monitoring a lie¢cbu na zaklade
preddefinovanych kritérii ZO a/alebo anatomickych kri-
térii, ktoré bolo ¢astokrat spojené s podlieCenim pacien-
ta, kedZe aplikacie lieciva boli aplikované ako odpoved
na zhorSenie ochorenia. Preto proaktivna lie¢ba prinasa
podstatné vyhody oproti reaktivnej. Pbvodné proaktivne
fixné pravidelné davkovanie lieku v planovanych mesac¢-
nych alebo 2-mesacnych intervaloch, nezévisle od zrako-
vych a/alebo anatomickych vysledkoch sice zabranovalo
zhorseniu ochorenia, ale mohlo byt spojené so zvysenou
liecebnou zataZou. Postupne pri narastajlcej zataze apli-
kacnych centier, ktord suvisela s narastajucim poctom
pacientov v aplikacnych centrach, s heterogenitou tohto
ochorenia a r6znou reakciou na lie¢bu, s predlzovanim
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dizky Zivota, s personélnou kapacitou aplika¢nych centier
bolo potrebné vyhodnocovat a optimalizovat ucinnost
lie¢by a dizky aplika¢nych intervalov medzi jednotlivymi
intravitredlnymi aplikdciami a strategicky ndjst najvhod-
nejsi lieCebny rezim umoznujuci prispdsobenie liecby
stavu pacienta, jeho spoluprace pri liecbe, a to, s prihliad-
nutim na kontinuitu a organizaciu prace na pracovisku.
Preto v suc¢asnosti, vdaka novym klinickym skdsenostiam
bol zavedeny proaktivny lie¢ebny rezim, tzv. treat and
extend (TAE), t.j. podavanie lie¢iva na planovanej navste-
ve bez ohladu na stav ZO a/alebo anatomicky stav s po-
stupnym predlzovanim lie¢ebnych intervalov medzi jed-
notlivymi podaniami po prvom roku liecby, a najnovsie
podavanie lie¢iva s postupnym predlzovanim lieceb-
nych intervalov medzi jednotlivymi podaniami uz po 4.
aplikécii v prvom roku liecby. Proaktivny TAE aplika¢ny
rezim najviac reSpektuje individualne potreby pacienta
s cielom zabranit podliec¢eniu alebo preliec¢eniu pacien-
ta a prindasa nami ocakavanu individualizovanu liecbu
pacienta. Proaktivny TAE aplikacny rezim je zéroven aj
celosvetovo najpreferovanejsim rezimom liecby. Liecivo
je podané na planovanej ndvsteve bez ohladu na stav ZO
a/alebo anatomicky stav a k prisp6sobeniu injekénych in-
tervalov dochadza na zdklade ZO a/alebo anatomickych
vysledkov k dosiahnutiu rovnovahy medzi lieCebnou za-
tazou a jej prinosu [26,27].

Liecba sa zacina po sebe nasledujucimi troma intravit-
realnymi aplikaciami anti-VEGF preparatu v Stvortyzdno-
vych intervaloch (t.j. raz mesacne), ide o tzv. nasycovaciu
(loadovaciu) fazu liecby. Donedavna, v proaktivnom TAE
aplikatnom rezime sa nasledne pokracovalo do 1.roka
liecby v 8 tyzdennych intervaloch, a az po prvom roku
liecby bolo mozné individualizovat liecebné intervaly
na zaklade aktivity choroby stanovenej prostrednictvom
Z0 a/alebo anatomickych parametrov. Nasledujuci apli-

kac¢ny interval sa potom adekvatne upravil, bud sa pre-
diZil o 2 tyzdne do dosiahnutia a udrzania maximalnej
odpovede na liecbu, alebo sa pri recidive zndmok akti-
vity ochorenia vyplyvajlcej zo zhorsenych funkcénych
a/alebo anatomickych parametrov lieCebny interval skratil
o 2 tyzdne az do stabilizacie ochorenia, alebo sa lie¢ebny
interval ponechal nezmeneny. Najnovsie je mozné v pro-
aktivnom TAE aplika¢nom reZime na kazdej planovanej
ndvsteve individualizovat lie¢ebné intervaly na zaklade
aktivity choroby stanovenej prostrednictvom ZO a/alebo
anatomickych parametrov uz po 4. injekcii. Nasledujuci
aplika¢ny interval sa potom adekvétne upravi, bud sa
prediZi o 2 alebo a7 4 tyzdne do dosiahnutia maximalnej
odpovede na liecbu, alebo sa lie¢ebny interval pri reci-
dive znamok aktivity CNV vyplyvajucej zo zhorSenych
funkénych a/alebo anatomickych parametrov skrati o 2
alebo az 4 tyzdne (podla toho v ktorom tyzdni lie¢by sa
pacient nachadza) alebo sa lie¢ebny interval ponecha ne-
zmeneny [28,29].

Na Slovenku su vypracované standardné postupy liec-
by vlhkej formy VPDM anti-VEGF liekmi prostrednictvom
rezimu treat and extend, ktoré vydalo Ministerstvo zdra-
votnictva s u¢innostou od 1. 7. 2022 [30].

Monitorovanie liecby a moznost kritérii pre upravy
aplikacnych intervalov

Na kazdej vizite je potrebné urcit NKZO na ETDRS opto-
type, odmerat VOT, vySetrit predny segment $trbinovou
lampou, vysetrit zadny segment stereoskopicky, realizo-
vat OCT a/alebo A-OCT.

Definicia maximalnej odpovede na lie¢bu a kritéria
pre udrzanie aplika¢ného intervalu (Tabulka 1)

Podla OCT vysetrenia rezorbcia intraretindlnej a/alebo
subretindlnej tekutiny, tekutina intraretindlna a/alebo

Tabulka 1. Liecebné intervaly liecby vihkej formy VPDM anti-VEGF liekmi prostrednictvom rezimu treat and extend na zaklade $pecifickych kritérii

Udrzanie intervalu PrediZenie intervalu (0 2 az 4

tyzdne max. na 12-16 tyzdnov
dla SPC konkrétneho lieciva)

Skratenie intervalu
(0 2 az 4 tyzdne)

Prerusenie liecby Ukoncenie liecby

eRezorbcia IRT a/alebo  eZiadna IRT a/alebo SRT teku-

eoNova IRT a/alebo SRT e Maximalna odpo-

o Pri poklese NKZO

SRT tina ved na troch po pod 20/200
e Narast ablacie RPE sebe nasledujucich
o|RT a/alebo SRTsauz  eNKZO sa uz nemeni o +5P spojeny so zhorSenim  aplikdcidachv 12az alebo
nezmensuje na dvoch  ETDRS optotype pocas dvoch NKZO pocas dvoch po 16 tyzdnovych in-

po sebe naslednych
vizitadch podla OCT

po sebe iducich navstevach
s podanim liecby

o NKZO sa uz nemeni
0 £5P ETDRS optoty-
pe pocas dvoch po
sebe iducich navste-
vach s podanim liecby eBez novej CNV

e Pri dlhodobej stabilizacii (tri
po sebe nasledujuce aplikac¢né
kontroly)

e Bez nového makularneho
krvacania

e Bez novej CNV

e Bez nového makular-
neho krvacania

sebe iducich navste-
vach s podanim liecby

tervalech dla NKZO ePod 20/320, pri
alebo OCT monokule

eNova CNV

eNové makularne
krvacanie

VPDM - vekom podmienend makuldrna degenerdcia, anti-VEGF - antivaskuldrny endotelovy rastovy faktor, IRT — intraretindlna tekutina, SRT — subreti-
ndlna tekutina, OCT - optickd koherenc¢nd tomografia, NKZO - najlepsie korigovand zrakovd ostrost, ETDRS — Early Treatment Diabetic Retinopathy Study,
CNV - choroiddlna neovaskularizdcia, Max. - maximdlna, SPC - stihrn charakteristickych vlastnosti lieku, P — pismeno
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subretinalna, ktora sa uz nezmensuje na dvoch po sebe
naslednych vizitach podla OCT vy3etrenia, nepritom-
nost novej hemoragie, bez pritomnej novej neovasku-
larizacie, NKZO sa uz nemeni o +5 pismen na optotype
ETDRS pocas dvoch po sebe iducich navstevach s poda-
nim liecby.

Kritéria pre predizenie aplika¢nych intervalov
(Tabulka 1)

Dosiahnutd maximalna odpoved na lie¢bu, t,. Ziad-
na intraretindlna a/alebo subretindlna tekutina pod-
l[a OCT vysetrenia, NKZO sa uz nemeni o £5 pismen na
optotype ETDRS v porovnani s dvomi po sebe iduci-
mi poslednymi ndvstevami alebo pri dlhodobej sta-
bilizacii (tri po sebe nasledujice aplika¢né kontroly)
s podanim liecby, bez novej neovaskularizcie, bez
nového makuldrneho krvacania. V tom pripade je moz-
né predlzovat aplikac¢ny interval o 2 az 4 tyzdne, na
maximalny pocet 12-16 tyzdnov, a to v zmysle suhr-
nu charakteristickych vlastnosti (SPC) konkrétneho
anti-VEGF lieku.

Kritéria pre skratenie aplikacnych intervalov
(Tabulka 1)

Pritomnost novej tekutiny alebo zvyseny objem in-
traretinalnej a/alebo subretindlnej tekutiny podla OCT
vysSetrenia, hlavne ak je spojeny so zhorSenim NKZO,
novd neovaskularizdcia, nové akékolvek makuldrne
krvacanie, narast ablacie RPE spojeny so zhorSenim
NKZO pocas dvoch po sebe iducich navstevach s po-
danim liecby.

Kritéria umoznujuce prerusenie liecby (Tabulka 1)
Liecba sa moze prerusit, ak je maximalna odpoved
na liecbu dosiahnuta a udrzana na troch po sebe na-
sledujucich aplikaciach v 12 az 16 tyzdnovych inter-
valoch podla SPC (sdhrn charakteristickych vlastnosti
lieku) konkrétneho anti-VEGF preparatu hodnotena
podla OCT vysetrenia alebo hodnotend podla NKZO.

g

Nasledne sa pacient monitoruje v 4 az 12 tyzdrovych
intervaloch podla rozhodnutia oSetrujuceho lekara. Pri
reaktivacii ochorenia sa lie¢ba obnovuje po sebe tro-
ma iducimi injekciami v Stvortyzdnovych intervaloch a
nasledne sa postupuje podla vyssie uvedenych poky-
nov.

Kritéria pre ukoncenie liecby (Tabulka 1)
Liecba sa ukondi pri poklese NKZO pod 20/200, alebo
pod 20/320, ak ide o monokulus.

ZAVER

Neexistuje ziadna zhoda o tom, ktory z lie¢ebnych rezi-
mov davkovania optimalizuje zrakové a anatomické vy-
sledky. Avsak, v sicasnosti celosvetovo najpreferovanejsi
lieCebny rezim na podavanie lieciv s obsahom anti-VEGF
pri liecbe vihkej formy VPDM pouzivany u vacsiny pacien-
tov je proaktivny TAE liecebny rezim. Na rozdiel od rezi-
mov reaktivnych s davkovanim raz mesacne je hlavnym
prinosom proaktivneho TAE liecebného rezimu moznost
identifikacie pacientov, ktori si nevyzaduju fixnu liecbu.
Po inicidlnej 3 mesacnej nasycovacej fazy je minimalny
liecebny interval 8 tyzdriov a maximalny lie¢ebny inter-
val je 16 tyzdnov. Predizenie intervalu o 2 az 4 tyzdne
mobze byt pre vytitrovanu skupinu pacientov postacuju-
ce. Hlavnym prinosom proaktivneho TAE liecebného re-
Zzimu v beznej klinickej praxi je individualizovany pristup
podla funkénych a anatomickych nalezov v zavislosti na
progresii ochorenia a minimalizovanie vyskytu progre-
sie ochorenia so sucasnou maximalizaciou dlhodobych
zrakovych vysledkov. Tento lie¢ebny rezim zaroven zne-
moznuje nadlieceniu alebo podliec¢eniu pacientov. Takis-
to znamenda mensiu zataz pre pacientov, centrd a mensiu
finan¢nu nakladovost. Umoznuje dosiahnut a dlhodobo
udrzat velmi dobré zisky zrakovej ostrosti s relativne ma-
lym poctom aplikdcii, a to bez nutnosti rutinného moni-
torovania.
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SOUHRN

Ve své praci autofi prezentuji kazuistiku 38letého pacienta s Alportovym syndromem, u kterého bylo pfitomno hned nékolik o¢nich projevi toho-
to onemocnéni. Se systémovymi projevy tohoto onemocnéni se pacient |é¢il jiz od svych 15 let, kdy také podstoupil transplantaci ledvin pro renal-
ni insuficienci. Dodnes uziva imunosupresiva a antihypertenziva. Pacient ma také percepcni poruchu sluchu. V roce 2021 prichazi na nasi kliniku
s prosbou o fedeni jeho vysoké refrakéni vady, kterou uz prakticky nelze korigovat brylemi. Vstupni nejlépe korigovana zrakova ostrost byla 0,6
s korekci -8,0sph/-4,0cyl/ax15 na pravém oku a 0,7partim s korekci -8,0sph/-4,0cyl/ax155 na levém oku. Hodnoty autorefraktoru byly —6,25sph/-
-6,75cyl/ax17 na pravém oku a -6,75sph/-6,5cyl/ax155 na levém oku. Pfi celkovém o¢nim vySetfeni nachazime nékolik o¢nich projev(, které se
u Alportova syndromu vyskytuji. Na rohovce byly pfitomny opacity po probéhlych erozich, pfi jedné z dalich kontrol pacient pfisel i s nové vznik-
lou erozi. Dale byl pfitomen predni lentikonus ¢ocky a incipientni katarakta. Pii vySetieni v arteficidlni mydriaze byla skvrnita retinopatie klinicky
vyjadiena jen minimélné. Po provedeni OCT byla patrna typicka temporalni makularni atrofie. U pacienta jsme se vzhledem ke klinickému nalezu
rozhodli pro operaci incipientni katarakty s implantaci monofokalni torické IOL na obou oc¢ich. BEhem operaci, které probéhly bez komplikaci,
chirurg zaznamenal nestandardni charakter pouzdra ¢ocky ve smyslu vétsi kiehkosti a hor3i manipulace pfi kapsulorhexi. Jesté tyden po operaci
zGstava vyssi cylindrickd hodnota dioptrii, k Upravé a poklesu dochazi az zhruba po mésici od operace. Operace jednoho a druhého oka byly pro-
vedeny s odstupem jednoho mésice. Pacient byl po operaci s refrakénim vysledkem velmi spokojen. Doslo ke zlepseni naturalniho visu o 4 fadky
a pacientovi zlstala slaba brylova korekce do délky a na ¢teni. U naseho pacienta byly o¢ni projevy Alportova syndromu zjistény a reseny az po
letech po stanoveni diagnézy onemocnéni. Avsak véasné odhaleni o¢nich pfiznakl Alportova syndromu u mladych jedincd pted vznikem renalni
dysfunkce muze vést k v€asné 1é¢bé. Pfi podezieni na toto onemocnéni je tedy vhodné pacienta ihned odeslat k détskému Iékafi, v pozdéjsim
véku k internistovi, k dalSimu vy3etieni.

Klicova slova: Alportliv syndrom, lentikonus, katarakta

SUMMARY
REFRACTIVE SURGERY IN A PATIENT WITH ALPORT SYNDROME. A CASE REPORT

The authors present a case of a thirty-eight-year-old patient with Alport syndrome. The patient had several ocular symptoms of the disease and
has been treated for systemic problems in connection with Alport syndrome since he was fifteen years old. At that age the patient also underwent
a kidney transplant in order to deal with renal insufficiency. To date, he still uses immunosuppressants and antihypertensives. Furthermore, the
patient suffers from perceptive deafness. The patient visited our clinic in 2021 with a request to solve his high refractive error, in which the diopters
were so high that it was not possible to place them in spectacles. The patient’s best corrected visual acuity was 0.6 with -8.0sph/-4.0cyl/ax15 in the
right eye and 0.7partim with -8.0sph/-4.0cyl/ax155 in the left eye. The autorefractometer values were -6.25sph/-6.75cyl/ax17 in the right eye and
-6.75sph/-6.5cyl/ax155 in the left eye. During the eye examination we found a number of ocular manifestations that are typical of Alport syndrome.
On the cornea there were opacities as a residue of corneal erosions, and at one of the following check-ups we also found a newly developed corneal
erosion. Subsequently, we found an anterior lenticonus and incipient cataract. Upon performing OCT, a typical temporal macular atrophy was
evident. Fundus examination in artificial mydriasis showed just a minimal manifestation of fleck retinopathy. Due to the clinical manifestation we
decided to perform cataract surgery and implant a monofocal toric intraocular lens in both eyes. There were no complications during the operations,
however the surgeon registered a non-standard structure of the lens capsule. The capsule was more fragile, and performing capsulorhexis was
much more complicated. A week after the surgery, higher cylinder diopters were still present. A decrease of the higher diopters was noticeable one
month after surgery. The time interval between the first operation and the second operation was one month. The patient was highly satisfied with
result, and uncorrected visual acuity improved by over four lines. After surgery the patient needed low diopters for near as well as far distance. In
the case of this patient, the ocular manifestations were detected and treated in adulthood. Nevertheless, early detection of ocular symptoms of
Alport syndrome in young patients before renal failure could lead to timely start of the treatment and delay a possible renal transplant. In case of
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any suspicion of Alport syndrome it is advised to send the patient to a pediatrician, and at an older age to an internal medicine specialist, for further

examination.
Key words: Alport syndrome, lenticonus, cataract
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Alportav syndrom (AS) je progresivni dédi¢né onemoc-
néni s variabilni dédi¢nosti a fenotypovou heterogenitou.
Je pfitomna mutace v genech pro fetézce a kolagenu IV,
ktery je soucasti bazalni membrany ledvinnych glomeru-
[0, vnitfniho ucha a nékterych &asti oka.

V téchto tkanich dochdzi k poskozeni jejich struktury
a funkce a naslednému vzniku typickych pfiznaka [1,2].
Jeden z nejcastéjsich a nej¢asnéjsich priznakd je hema-
turie. Senzorineurdlni (percepcni) porucha sluchu se
dostavuje v pozdéjsim détstvi [3,4]. Hlavnimi o¢nimi pfi-
znaky, které nalézame u AS jsou pfedni lentikonus, cen-
tralni a periferni skvrnita retinopatie [5,6]. Dalsi o¢ni, ale
ne tak casty nalez, ktery se mlze u AS objevit, jsou opa-
city rohovky po opakovanych erozich, zadni polymorfni
rohovkova dystrofie, katarakta, zadni lentikonus, atrofie
temporélni makuldrni krajiny sitnice, makuldrni dira [6].
Zatimco zmény rohovky nebo ¢ocky ¢asto zhorsuji vidé-
ni, zmény na sitnici dopad na zrakovou ostrost nemivaji
[7]. Pro stanoveni diagn6zy AS neni o¢ni nalez nezbytny,
avsak muUze pomoci k véasné diagnoze a také 1é¢bé, coz
muze vést k oddaleni rendlniho selhani [5]. Interni stano-
veni tohoto onemocnéni spociva ve fyzikalnim vysetfeni,
anamnéze, véetné té rodinné, analyze moci, vysetieni
renalni biopsie [8]. Pfi potvrzeni AS by mél byt pacient
odeslan k dalsim specialistim, jako je ORL a oc¢ni |ékaf.

Obrazek 1. Opacifikace rohovky pravého oka po opakovanych erozich

— 4

Obrazek 2. Pfedni lentikonus pravého oka

Genetické testovani pomdaha nejen stanovit diagnézu,
ale také urcit dédi¢nost u daného jedince i odhalit AS
u jeho rodinnych pfislusnik [4].

KAZUISTIKA

Vroce 2021 prichdzi na nasi kliniku 38lety pacient s pros-
bou o feSeni jeho vysoké refrakenivady, kterou uz prakticky
nebylo mozné korigovat brylemi ¢i kontaktnimi ¢ockami.
Subjektivné udaval zhorsené vidéni do dalky v posled-
nich nékolika letech, kdy bylo také nutné nékolikrat mé-
nit brylovou korekci. Bryle do dalky nosi od svych 15 let.
Dle pacienta byla jeho brylova korekce do 30 let okolo
-3,0sphD, dalsi roky se hodnota postupné zvySovala. Déle

Obrazek 3. Foto fundu pravého oka, kde je patrny diskrétni nalez
centrélni i periferni teckovité retinopatie

Obrazek 4. Foto fundu levého oka s velmi obdobnym nélezem jako na
oku pravém
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zo¢ni anamnézy popisoval opakované eroze rohovky, kte-
ré vétsinou zalé¢il lubrikancii doma sam. Z osobni anam-
nézy pacient upozornil na Alportdv syndrom. S celkovymi
projevy tohoto onemocnéni se pacient leci jiz od svych
15 let, kdy také podstoupil transplantaci ledvin pro renal-
ni insuficienci. Dlouhodobé uziva imunosupresiva a anti-
hypertenziva. Pacient ma také percepcni poruchu sluchu.
Vstupni nejlépe korigovana zrakova ostrost byla 0,6 s korek-
Ci -8,0sph/-4,0cyl/ax15 na pravém oku a 0,7partim s korekci
-8,0sph/-4,0cyl/ax155 na levém oku, hodnoty odpovidaly
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vlastni korekci pacienta. Hodnoty na autorefraktoru byly
-6,25sph/-6,75cyl/ax17 na pravém oku a -6,75sph/-6,5cyl/
ax155 na levém oku. Nitroo¢ni tlak byl normalni. Pfi vyset-
feni na Stérbinové lampé jsme na rohovce popsali lokalni
zasednuti, které bylo pravdépodobné mistem po opako-
vanych erozich (Obrazek 1). Pfedni komora, zornice i du-
hovka byly v normé. V arteficidlni mydridze byla predni
plocha ¢oc¢ky neobvykle konicky vyklenuta v jeji centralni
Casti, tedy byl pfitomen oboustranny pfedni lentikonus
¢ocky, coz jsme si také zobrazili na prednékomorové optic-
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Obrazek 6. Snimek OCT levého oka s poklesem retindlni tloustky v temporalni poloviné makuly
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ké koherentni tomografii (Obrazek 2). Byla pfitomna inci-
pientni, prevazné nuklearni, katarakta. Sklivec byl v normé.
Na pozadi papila zrakového nervu v normé. Na sitnici jen
velmi diskrétni ndlez bélozlutavych skvrn v makularni ob-
lasti na obou ocich, coz jsme zdokumentovali na fotografii
fundu (Obrazky 3, 4). Bylo provedeno vysetieni optickou
koherentni tomografii, kde byla patrna atrofie temporalni

OCULUS - PENTACAM Refractive

¢asti makuly na levém i pravém oku (Obrézky 5, 6). Pen-
tacam ukazoval astigmatismus podle pravidla o velikosti
3.4 cyl D na obou ocich, pachymetrie byla normalni (Ob-
razky 7, 8). Biometrické parametry namérené na IOL Maste-
ru 700 by svédcily spiSe pro hypermetropickou o¢ni vadu.
Avsak tento fakt byl porusen pravé pfitomnosti predniho
lentikonu ¢ocky, ktery vedl k progresivni myopii a vyssimu
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Obrazek 7. Pentacam pravého oka, kde vidime astigm
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Obrazek 8. Pentacam levého oka, kde vidime astigmatismus podle pravidla
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astigmatismu, nez jaky byl dle Pentacamu. Délka oka para-
doxné byla vpravo 21,52 mm a vlevo 21,66 mm, hloubka
predni komory byla 2,59 mm vpravo a 2,58 mm vlevo. Pa-
cientovi byla navrzena operace pocinajici katarakty s im-
plantaci torické monofokalni ¢o¢ky do obou oci. Opticka
mohutnost IOL byla vypocitana tak, aby vysledna refrakce
byla -2,0sphD pro zachovani bryli do délky na prani paci-
enta. Samotny vykon byl bez komplikaci, nicméné chirurg
upozornil na neobvyklou kiehkost a tenkost pfedni kapsu-
ly ¢ocky. Byla implantovdana monofokalni toricka IOL o ve-
likosti +29,0sph/4,25cyl/ax65 do levého oka a o velikosti
+29,0sph/3,5¢cyl/ax110 do pravého oka.

Po prvni operaci levého oka bylo nutné s odstupem
dvou dn(l provést dorotovani IOL do planované osy 65
stupnl, protoze doslo k posunu o 10 stupnd. Poope-
ra¢né mél pacient standardni terapii tobramycinum/
dexamethasonum gtt 5x denné jeden tyden a poté dalsi
tyden 3x denné. BEhem pooperacnich kontrol trvalo né-
kolik tydnu, nez doslo k poklesu zbytkovych cylindrickych
dioptrii. Pacient(iv naturalni visus po operaci byl 0,5par-
tim vpravo a 0,2 vlevo. Vidéni do blizka bylo 0,5 a 0,63 na-
turdlné. Vysledna refrakce pacienta byla -0,75sph/-1,0cyl/
ax172 na pravém oku a -1,50sph/-0,75cyl/ax13 na levém
oku. Nejlépe korigovand zrakova ostrost do dalky byla
1,0 na obou o¢ich. Nejlépe korigovana zrakova ostrost
do blizka byla 1,0 na obou ocich. Pacient byl s vysledkem
operace spokojen a nadale zlstava v nasich kontrolach.
Pti ro¢ni kontrole zjistujeme, Ze se pacientovi vidéni ne-
zhorsilo, ani nedoslo k progresi nalezu na sitnici.

DISKUZE

Alportdv syndrom je progresivni dédicné onemocné-
ni, které postihuje jednoho ¢lovéka z 5000 [1]. Dédi¢nost
je nejcastéji X-vazana, tvori az okolo 80 %, méné Casta je
potom autosomalné recesivni a dale autosomalné domi-
nantni dédi¢nost. Muzi jsou AS postizeni vice nez Zeny.
Jednotlivé geny, ve kterych k mutaci dochazi, jsou CO-
L4A3, COL4A4 pfi autosomalné dominantni a autosomal-
né recesivni dédi¢nosti, a COL4A5 pfi X-vazané dédicnos-
ti [1,2]. Protoze pfi AS dochazi také k poskozeni bazalni
membrany kapsuly cocky, Descementovy membrany,
Bowmanovy membrany, vnitini limitujici membrany sitni-
ce a bazalni membrany retinalniho pigmentového epitelu,
jsou pfitomny i o¢ni pfiznaky [6,9,10]. Hlavnimi o¢nimi pfi-
znaky, které nalézdme u AS jsou pfedni lentikonus, a cen-
tralni a periferni skvrnitd retinopatie [5,6]. Zatimco zmény
rohovky nebo ¢ocky Casto zhorsuji vidéni, zmény na sit-
nici dopad na zrakovou ostrost nemivaji [7]. Lentikonus
je morfologickd o¢ni patologie, kdy pfi ztenceni pouzdra
¢ocky dochazi ke konické protruzi pouzdra ¢ocky, coz ma
za nasledek refrakéni zmény ve smyslu progresivni myo-
pie a nepravidelného astigmatismu. Pfi vysetieni na stér-
binové lampé muzeme pozorovat pfiznak olejové kapky,
ktery je umistény axialné. Lentikonus byva castéji predni,
ale mGze byt i zadni [6]. Vyména morfologicky zménéné
Ciré cocky (popt. i s kataraktou) za ¢ocku umélou je efek-
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tivni moznosti, jak zbavit pacienta refrakéni vady a zlepsit
zrakovou ostrost [11]. Ve srovnani s operaci senilni kata-
rakty je operace cocky s prednim lentikonem technicky
narocnéjsi pro vétsi kiehkost a ztenceni predniho pouzdra
¢ocky [12]. Dle popsanych histologickych nalezu pti vyset-
feni pfedniho pouzdra elektronovym mikroskopem byla
pozorovana abnormalni struktura. Pfi vySetieni bylo na-
lezeno ztenceni pfedniho pouzdra nejen v jeho centralni
¢asti, kde je konické vyklenuti, ale také v jeho periferii. Byly
patrny vertikdlni dehiscence ve vnitfnich dvou tfetinach
pouzdra, nepravidelnost epitelu ¢ocky i samotné buriky
epitelu vykazovaly patologické zmény [13,14]. Hlavnimi
odlisnostmi, které u operace katarakty u AS mame, na roz-
dil od bézné operace senilni katarakty, jsou nestandardni
struktura pfedniho pouzdra ¢ocky, pfistup ke kalkulaci
IOL, kdy je potteba vychazet také z topografie rohovky pfi
volbé cylindrické hodnoty a osy astigmatismu a v posledni
fadé zvazit po pohovoru s pacientem implantaci torické
bud’ monofokalni nebo multifokalni ¢ocky [12]. V pfipa-
dé naseho pacienta jsme na zdkladé biometrického mé-
feni zvolili torickou monofokalni ¢ocku s cilovou refrakci
-2,0 sph. Pacient byl na brylovou korekci od puberty zvykly
a pral si ji zachovat. Z nékolika praci vyplyva, Ze pfi operaci
katarakty za asistence femtosekundového laseru snizuje ri-
ziko komplikaci pfi provadéni kapsulorhexe, kdy kiehkost
predni kapsuly mize mit za nasledek jeji nechténé rozsire-
ni do periferie a nepravidelny tvar [11,12,15]. Ze zkuSenosti
jinych autor(, kdy je kapsulorhexe provadéna standard-
nim zpUsobem, je doporuceno pfi kapsulorhexi pouziti
mikroklesti pro technicky vétsi narocnost tohoto kroku
operace, aby nedoslo k rozsiteni do periferie [16]. BEhem
operaci u naseho pacienta byla provadéna manualni kap-
sulorhexe, za pouziti béznych nastroj, kterd probéhla bez
komplikaci. Z patologii zadniho segmentu oka je nej¢astéj-
$i skvrnitd retinopatie, ktera se projevuje bélavymi a zluta-
vymi te¢kami a skvrnami. Pfi pohledu na fundus Ize nékdy
vidét tzv. ,lozegne” pfiznak neboli dull macula reflex, ktery
vznika snizenim tloustky temporaini oblasti makuly. Tyto
zmény vznikaji na podkladé ztenc¢ené membrany limitans
interna, vrstvy nervovych vlaken a bazalni membrany RPE
[9]. CentrdIni nebo periferni retinopatie byva ¢asto pritom-
na jiz od pacientova dospivani [8]. Sitnicova komplikace,
ktera se velmi vzacné miize objevit a vyznamné zhorsit
vidéni je makuldrni dira. Velikost byva obvykle vétsi, nez
makularni dira z jinych pficin a pooperacni vysledky neby-
vaji dobré [6,7,9,17]. U naseho pacienta nastésti tato pato-
logie pfitomna nebyla, a tak nebyla nutna operace zadni-
ho segmentu oka. Pro stanoveni diagnézy AS nejsou ocni
pfiznaky potfebné. Av3ak pfi podezieni na toto onemoc-
néni a odeslani internimu specialistovi mohou pomoci pfi
v¢asné k diagnoze a lé¢bé [5].

ZAVER
Zjisténim typickych oc¢nich patologii AS pfi o¢nim vy-

Setfeni a odeslanim takto suspektniho pacienta za in-
ternim specialistou, ktery vcas nasadi patticnou lécbu,



mame moznost pacientovi oddalit selhani ledvin a na-
slednou transplantaci ledvin. Dale mame jako o¢ni lékafi
moznost zlepsit zrakovou ostrost pacienta operaci mor-
fologicky zménéné ciré cocky vymeénou za co¢ku umélou.
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SOUHRN

Cile: Shrnout historii i soucasné trendy ve vyuziti skléralnich stépl v oftalmologii.

Material a metody: Provedli jsme analyzu literatury prostfednictvim databazi MEDLINE a Cochrane Library. Hledana hesla byla “sclera”,
“graft”, “surgery”. Vysledkem vyhledavani bylo 1596 ¢lankd, z nichz jsme 192 vyhodnotili jako relevantni. Relevantni ¢lanky byly sefazeny
chronologicky a dle zplsobu vyuziti skleralnich stépu, coz umoznilo vypracovani piehledového ¢lanku.

Vysledky: Skléra se v oftalmologii rutinné pouzivé od padesatych let dvacatého stoleti, a to v mnoha rtznych indikacich. Nékteré z nich se
¢asem staly prakticky obsoletnimi (napfiklad vyuziti pfi operacnim feSeni amoce sitnice), ale velkd ¢ast nachazi uplatnéni dodnes (zejména
vyuziti v glaukomové ¢i okuloplastické chirurgii, pfipadné jako zaplata pfi defektu skléry nebo rohovky).

Zaveér: | presto, Ze je v soucasné dobé alogenni skléra oproti jinym produktlm tkarnového bankovnictvi v oftalmologii vyuzivana spise méné
casto a okruh jejich indikaci se ¢astecné zuzil, zGstava vzhledem ke své dostupnosti a vlastnostem uzite¢nym a perspektivnim materialem.
Klicova slova: skléra, stép, chirurgie, oftalmologie, prehled

SUMMARY
SCLERAL GRAFTS IN OPHTHALMIC SURGERY. A REVIEW

Aim: To summarize the history and current trends in the use of scleral grafts in ophthalmology.

Materials and methods: We conducted a review of the literature through the MEDLINE and Cochrane Library databases. The search terms were "sclera’,
"graft’, and "surgery". The search resulted in 1596 articles, of which we evaluated 192 as relevant. The relevant articles were sorted chronologically and
according to the method of using scleral grafts, which enabled the development of a review article.

Results: The sclera has been routinely used in ophthalmology since the 1950s in many different indications. Some of these indications have become
practically obsolete over time (for example, use in the surgical management of retinal detachment), but a large number still find application today
(especially use in glaucoma or oculoplastic surgery, or as a patch for a defect in the sclera or cornea).

Conclusion: Even though allogeneic sclera is currently used less frequently in ophthalmology compared to other tissue banking products and the
range of its indications has partially narrowed, it remains a useful material due to its availability and properties.

Key words: sclera, graft, surgery, ophthalmology, review
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uvoD

Skléra vznikd béhem embryologického vyvoje z bunék
neuralni listy a spole¢né s rohovkou vytvari takzvanou
tunica fibrosa oculi. Tvofi priblizné pét Sestin povrchu oc¢-
niho bulbu a podobné jako rohovka je tvofena zejména
vlakny kolagenu 1. typu, kterd ale nejsou v pfipadé skléry
tak pravidelné organizovand, nasledkem ¢ehoz neni na-
opak od rohovky transparentni. Dale obsahuje jen rela-
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tivné velmi malé mnozstvi bunék a krevnich cév. Sklada
se ze Ctyr vrstev — episkléra, stroma, lamina fusca a en-
dotel. Tloustka skléry je 0,3-1,0 mm, pficemz nejvétsich
hodnot dosahuje v oblasti zadniho pélu a nejmensich
v okoli Upont okohybnych svald.

Vzhledem ke své stavbé, ktera ji dodava pevnost a za-
roven diky malému mnozstvi krevnich cév a bunék i rela-
tivné nizkou antigenicitu a malou nachylnost k rejekci, je
skléra uz dlouho povazovana za vyhodny materidl. V o¢ni
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chirurgii ji Ize vyuzit nejen pfi autologni, ale i pfi alogenni
transplantaci.

MATERIAL A METODY

Pfi vypracovéani prehledového ¢ldnku jsme proved-
li analyzu literatury prostfednictvim databazi MEDLINE
a Cochrane Library. Hledand hesla byla “sclera”, “graft”,
“surgery”. Vysledkem vyhledavani bylo 1596 ¢lankd,
z nichz jsme 192 vyhodnotili jako relevantni. Relevantni
¢lanky byly sefazeny chronologicky a dle zplsobu vyuziti
skleralnich Stépu, coz umoznilo vypracovani pfehledové-
ho ¢lanku. Zdroje nalezenych ¢lank( byly rovnéz prohle-
dany za ucelem mozného nalezeni dalSich relevantnich
literdrnich zdroj(, které nebyly pfi pdvodnim vyhledava-
ni v databazi zachyceny.

PRVNI ZMiNKY O VYUZITi SKLERY

Prvni zminka o vyuziti skléry v o¢ni chirurgii pochazi
ze Ctyficatych let dvacatého stoleti, kdy Costa publikoval
¢lanek na téma subkonjunktivalnich skleralnich stép [1]
a Larsson popsal feSeni perforace rohovky pomoci za-
platy z autologni skléry [2], ndhradou defektu v rohovce
skleralnim Stépem se v nasledujicich letech zabyvalii dal-
$i autofi véetné Kurze [3,4]. Dalsi mozny zpusob vyuZiti
skléry popsal na zacatku padesatych let Paufique, ktery
vyuzil skleralni zaplatu pfi chirurgickém feseni skleroma-
lacie [5].

Plvodné se pouzivala vyhradné autologni [2], nebo
Cerstva alogenni tkan [6,7]. V padesatych a Sedesatych le-
tech dvacatého stoleti ale zacalo obdobi velkého rozvo-
je tkdnového bankovnictvi, které diky novym metodam
konzervace a uchovani tkani umoznilo do té doby nemy-
slitelné rozsifeni vyuziti alogennich tkani v o¢ni chirurgii,
coz se tykalo i skléry. Payrau v roce 1961 jako prvni pub-
likoval vyuziti lyofilizované skléry [8], Rodriguez-Vasquez
v roce 1962 popsal vyuziti skléry konzervované v xylolu
[9], Wilson v roce 1964 publikoval vyuziti skléry konzer-
vované v glycerolu [10] a Knobloch v roce 1965 popsal
vyuziti skléry konzervované v etanolu [11]. Tyto nové po-
stupy umoznily dalsi vyrazné rozsifeni moznosti pouziti
skléry v o¢ni chirurgii.

DEFEKTY ROHOVKY

Jak je zminéno jiz v uvodu, jednou z nejstarsich dostup-
nych publikaci popisujicich vyuziti skléry v oftalmologii je
LarssonUv ¢lanek z roku 1948, popisujici jeji uspésné vyu-
Ziti k uzavieni defektu rohovky pfi rohovkovém viedu [2].
Na jeho praci v padesatych letech dvacatého stoleti na-
vazali dalsi autofi v€etné Kurze [3,4]. | pfesto, Ze se jedna
spiSe o raritni metodu, ma stéle své uplatnéni a ve velmi
komplikovanych pfipadech nebo pfi nedostatku jinych
moznosti se k uzavieni perforaci rohovky riizné etiologie
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pouziva dodnes [12-22]. Zajimavé je, Ze skléra ma po im-
plantaci do rohovky tendenci k projasnéni [3,13,15]. Dale
oproti rohovkovym $téplm staci k utésnéni defektu jen
tenka sklerdlni zaplata, diky cemuz dle Prydala pfi pouziti
na periferii rohovky dochdzi k rychlejsi zrakové rehabili-
taci a zaroven mensimu indukovanému poopera¢nimu
astigmatismu [15].

DEFEKTY A ZTENCENI SKLERY VCETNE
SKLEROMALACIE

Chirurgické feseni skleromaldcie za pomoci skléralni
zaplaty popsal uz Paufique v roce 1953 [5] a postupné na
néj navazali i dalsi autofi [7,23], béhem nasledujicich let
byly Uspésné popsany metody feSeni imunitné podmi-
néného [24-30], chirurgicky indukovaného - nejcastéji
jako nasledek operace pterygia [8,28,31-40], infek¢ni-
ho [41-46], posttraumatického [40,47] i postradiacniho
[35,37,48-50] ztenceni skléry.

Kanagasundaram publikoval v roce 1959 moznost vy-
uziti sklerdlniho $tépu pfi feSeni traumatické ruptury bul-
bu [6]. | v této indikaci byla skléra nadale ¢asto pouzivana
[51,52]. Karaca popsal dobré vysledky pri feseni penetruji-
ciho poranéni oka s pouzitim pouze lamelarniho autolog-
niho $tépu skléry [22]. Turaga zase popsal Uspésné vyuziti
skleralni zaplaty u pacienta s Marfanovym syndromem tr-
picim rekurentnimi spontannimi rupturami bulbu [53].

Dalsi ¢astou indikaci k vyuziti skleralnich nebo sklero-
kornedlnich $tépl se staly rekonstrukce ocni stény po
rozsahlych resekénich vykonech, nejcastéji pro melanom
uvey. Jako prvni tuto techniku popsal Tarkkanen v roce
1967 pii operaci melanomu na limbu [54], poté dalsi au-
tofi popsali moznost rekonstrukce napfiklad po korne-
oskleroiridocyklektomii pro melanom fasnatého télesa
[55,56] nebo po sklerochorioretinektomii pro melanom
choroidey [57]. Obdobnym zpUsobem lze fesit i spino-
celularni karcinom [58] nebo benigni tumory — napfiklad
limbalni dermoid [59,60]. Z raritnich indikaci byla popsa-
na i rekonstrukce oka po resekci Kaposiho sarkomu pred-
niho segmentu oka u ditéte po transplantaci kostni dfrené
pro akutni lymfoblastovou leukémii [61].

Vsoucasné dobé je pouziti sklerdlniho stépu k feseni de-
fektu nebo ztenceni skléry stale velmi aktudlni technika,
alternativné Ize pouzit fascii lata femoris [27,62], periost
[45], perichondrium [63,64], perikard [65-67], temporalni
fascii [68], bukalni sliznici [49,69], tarzokonjunktivalni la-
lok [70], amnion [71,72] nebo rohovku [71,73-75].

SKLEROPLASTIKA

Moznost feSeni progresivni myopie u déti za pomo-
ci skleroplastiky s vyuzitim skleralniho stépu publikoval
jako prvni Borley v roce 1958 a postupné na néj navazali
i dalsi autofi [76-80]. V roce 2018 publikoval Xue dobré
vysledky pfi pouziti alogenni skléry osetfené metodou
crosslinkingu [81].
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Jako alternativa se pfi skleroplastice pouzivaji i jiné
biologické materidly, napfiklad preparaty z porcinni
(praseci) kize [82], dura mater [83] nebo lyofilizovana
fascia lata femoris [84], pfipadné i syntetické materidly
(Gore-Tex) [80].

VITREORETINALNI CHIRURGIE

Na zakladé prace Rodrigueze-Vasqueze z roku 1962
[9] se skléra dlouho pouzivala jako alternativni material
pfi operaci amoce sitnice zevnim pfistupem a v nasle-
dujicich letech ji v této indikaci s rGznymi modifikacemi
Uspésné pouzivali i dalsi autofi [10,11,85-89].

Vzhledem k tomu, Ze v dnedni dobé je za zlaty standard
pfi feSeni amoce sitnice povazovana pars plana vitrekto-
mie [90] a v pfipadé operace zevnim pfistupem se v na-
prosté vétsiné pripadl pouzivaji syntetické materidly —
mj. silikon, hydrogel, Gore-Tex [91,92], je v dnesni dobé
vyuziti skléry v této indikaci jiz prakticky obsoletni.

Dalsi inovativni vyuziti skléry ve vitreoretinalni chirur-
gii publikoval v roce 2017 Shah. Popisuje moznost feseni
makuldrniho edému zpusobeného jamkou zrakového
nervu implantaci sklerdlniho $tépu za ucelem uzavreni
jamky [93].

OKULOPLASTICKA CHIRURGIE

V rdmci okuloplastické chirurgie nasla skléra prvni vyu-
Ziti v roce 1968, kdy Helveston publikoval vysledky feseni
extruze orbitdlniho implantatu u pacientli po enukleaci
prekrytim sklerdlni zaplatou [94]. Na toto téma bylo po-
stupné publikovano velké mnozZstvi praci [95-103] a do-
dnes se v této indikaci v rliznych modifikacich pouziva.
Vzhledem k velmi dobrym vysledkim téchto operaci
a relativné castym extruzim hlavné u nékterych typt or-
bitalnich implantatd (zejména implantaty z hydroxyapa-
titu) Soll v roce 1974 publikoval svou préci, ve které popi-
suje velmi dobré vysledky pfi kryti orbitalnich implantatd
sklerdIni zaplatou uz pfi primdrni operaci [104]. | tato
technika se uchytila a v nasledujicich letech publikovali
své vysledky mnozi dalsi autofi [105-110]. Vzacnéjsi moz-
nost vyuziti skléry u pacientl po enukleaci popsal v roce
1983 Smith, které ji vyuzil jako vyplhovy materidl pfi atro-
fii tkdni o¢nice [111].

Jako alternativni material pro kryti implantatd se vyu-
ziva fascia lata femoris [101], bovinni perikard [107,112],
labialni sliznice [113] nebo Vicrylova sitka [114].

Dal3i moznost vyuziti skléry v okuloplastické chirurgii
popsal Bodian v roce 1968 [115]. Pri tarzofrontalnim zaveé-
su za Ucelem korekce ptédzy pouzival ¢erstvou nebo kon-
zervovanou skléru jako alternativu k fascia lata femoris. Na
jeho praci navazal v roce 1975 Helveston, ktery doporuco-
val skléru zpevnit nevstiebatelnym stehem [116].

V soucasné dobé vyrazné castéji vyuzivané materidly
pfi tarzofrontalnim zavésu jsou ale zejména jiz zminéna
autogenni nebo alogenni fascia lata femoris [117-119]
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a syntetické materialy jako silikon, Gore-Tex nebo poly-
propylen [119-121].

Dalsi indikaci vyuziti skléry je ndhrada zadni lamely o¢-
niho vi¢ka pfi feseni jizevnatého entropia, coz publiko-
vali jako prvni Tenzel a Rubenzik v roce 1975 [122,123]
a v nasledujicich letech i mnozi dalsi autofi [124-126].
Obdobnym zpusobem, tedy ndhradou zadni lamely o¢-
niho vicka sklérou, Ize fesit i retrakci vicek rizné etiologie
(mj. endokrinni orbitopatie), coz prvné publikoval Craw-
ford v roce 1976 [127] a po ném mnoho dalsich autor
[124,128-136], nebo rozsahlejsi defekty po resekcnich
vykonech, napfiklad v rdmci modifikace plastiky dle
Cutlera a Bearda [137,138], pfipadné po resekci pro téz-
kou keratoconjunctivitis lignea [139].

Obecné mezi autory panuje konsenzus, ze v pfipadé
nahrady casti vicka sklérou je zapotrebi pouzit implan-
tat vétsich rozmérd, nez je konkrétni defekt, protoze
postupem casu dochazi ke kontrakci sklerdlniho stépu
[123,129].

Zejména vyuziti skléry pfi reSeni retrakce vicek pfi en-
dokrinni orbitopatii je i nadale velmi aktualni a ¢asto po-
uzivana metoda. Jako alternativni materidl Ize k ndhradé
zadni lamely o¢niho vicka Uspésné vyuzit i syntetické ma-
teridly jako je porézni polyethylen (Medpor) [136], déle
napfiklad volny tarzokojunktivalni lalok [135], sliznici
tvrdého patra [135,136], tragdlni chrupavku (odebranou
z udniho tragu obvykle jako autotransplantat) [136,138]
nebo bezbunéénou tkanovou matrix (AloDerm) [136].
U pacientl po resekcich vicek se ¢asto vyuziva i autolog-
ni $tép z periostu okraje ocnice, ktery zaroven poskytuje
fixaci ke kosti a tim padem je vyhodny k rekonstrukci ze-
jména lateralniho koutku [140].

CHIRURGIE GLAUKOMU

Prvni, kdo vyuZzil skléru pfi chirurgickém feSeni glauko-
mu, byl Nesterov. Ve své praci z roku 1978 popsal metodu
implantace sklerdlnich prouzk do supracilidrniho pro-
storu, pfipadné v kombinaci s provedenim cyklodialyzy
[141].

V roce 1987 publikoval Fredman moznost prevence
extruze Moltenovy chlopné za pomoci piekryti sklérou
[142], coz je dodnes v pripadé kryti glaukomovych im-
plantatd bézné pouzivand metoda, kterou v rdznych va-
riacich publikovali i dalsi autofi [143-154]. Lam obdob-
nym zpUsobem popsal kryti Ahmedovy chlopné [143],
Aslanides navrhl v této indikaci vyuziti autologni skléry
zdlvodu lepsi dostupnosti [144] a Zeppa publikoval mo-
difikaci s fixaci skléry za pomoci tkariového lepidla [155].

Dal3i materialy, které byly ispésné pouzity pfi kryti glauko-
movych implantatd, jsou perikard [145,148,150,156-159],
dura mater [145,146], rohovka [152,154,156,157,160,161],
tragélni perichondrium [162], kolagenovy implantat Olo-
gen [163], fascia lata femoris [157] nebo amniova mem-
brana [157,158]. Pfipadné Ize implantat zavést do sklerdl-
niho tunelu, kdy neni potieba zZadny dalsi kryci implantat
[151,157,164,165]. Zejména rohovka se v posledni dobé
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v této indikaci jevi jako vyhodna alternativa vzhledem
k dobré dostupnosti (jako odpadni produkt refrak¢nich
operaci) a dobrému kosmetickému efektu [152].

Dalsi velmi ¢astou indikaci k vyuziti skléry v chirurgii
glaukomu je feSeni pooperacnich komplikaci. Melamed
v roce 1991 publikoval metodu feseni perzistentniho
saknuti z filtracniho polstare za pomoci sklerdlni zaplaty
[166], coz je pti sdknuti nebo nadmérné filtraci dodnes
pouzivana technika, kterou poté popsali i mnozi dalsi
autofi [167-179]. King v roce 2009 navrhl modifikovanou
techniku s pouze drobnou skleralni zaplatou fixovanou
tkanovym lepidlem [176]. Sklerdlni zédplatou se da efek-
tivné fesit i extruze glaukomového implantatu [180,181],
pfipadné ji Ize vyuzit pfi revizi pro pooperacni blebitidu
s endoftalmitidou [182].

Pti FeSeni komplikaci s filtra¢nim polstarem byla jako al-
ternativa ke skléfe v minulosti Uspésné vyuzita i fascia lata
femoris [183], rohovka [183,184], dura mater [183], peri-
kard [183], acelularni dermalni $tép [183], bukalni sliznice
[183], tragalni perichondrium [183], amniovda membrana
[183], polytetrafluorethylen [183] nebo Ologen [183].

Jako dal3i moznost vyuziti skléry v chirurgii glaukomu
byla navrhovana i jeji implantace pfi hluboké sklerektomii,
coz v minulosti popsala Devloo a ndsledné Mousa [185,186].

DALSI INDIKACE

Skleralni nebo sklerokornedlni $tépy lze vyuzit i pfi
feSeni pooperacni nebo pourazové epitelové invaze do
predni komory oka, coz jako prvni publikoval Naumann
vroce 1992 [187] a nasledné Forster a Rummelt, ktefi tuto
techniku také Uspésné vyuzivali [188,189].

Relativni novinkou je metoda operace strabismu, kte-
rou v roce 2018 publikovala Thorisdottir. V komplikova-
nych pfipadech uUspésné vyuziva k nastaveni délky oko-
hybného svalu prouzek skléry [190,191].

STATISTICKA DATA

Abychom demonstrovali ¢etnost vyuziti skléry v raz-
nych indikacich v redlnych podminkach moderni o¢ni
chirurgie, prezentujeme zde data z Kataldnska, které ve
svém prehledovém ¢lanku z roku 2020 publikovala Sa-
bater-Cruz a jeji tym [192]. Ta nam fikaji, ze z celkového
poctu 874 sklerdlnich stépl bylo 77,5 % vyuzito pfi chi-
rurgii glaukomu, 5,2 % pf¥i okuloplastické chirurgii, 5 % pfi
feseni defektl rohovky a skléry, 3,8 % pti rekonstrukcich
ocniho bulbu a 2,9 % pfi kryti orbitalnich implantatd. Au-
tofi popisuji narustajici trend ve vyuziti skléry pfi rekon-
strukcich vicek, a naopak klesajici trend v jejim vyuZziti pfi
feSeni defektd rohovky a skléry.

ZAVER

Jak vyplyva z vyse prezentovanych praci, skléra se
v oftalmologii béhem poslednich cca 80 let vyuzivala
v mnoha rlznych indikacich. Nékteré jsou jiz prakticky
obsoletni (napfiklad vyuziti pfi operaci amoce sitnice
zevnim pristupem), nékteré spise raritni (uzavér perfo-
race rohovky), ale v mnoha dalSich pfipadech je skléra
i naddle bud jednozna¢nou metodou volby (zejména
vyuziti v chirurgii glaukomu, pfipadné fedeni retrakce
ocnich vicek, extruze orbitadlnich implantatd nebo de-
fektl skléry), nebo alesporni relevantni variantou v pfipa-
dé nedostupnosti jinak c¢astéji pouzivaného materidlu
(napfiklad feseni rozsdhlych defektl vicek nebo skle-
roplastiky). Jeji hlavni vyhodou jsou dobré mechanické
vlastnosti a nizkd imunogenicita diky vysokému obsa-
hu kolagenu a jen minimdalnimu obsahu krevnich cév
a bunék. Proto i presto, Ze se oproti jinym produktim
tkdnového bankovnictvi pouziva relativné méné casto,
z(stava zajimavym a perspektivnim materidlem pro po-
uziti v o¢ni chirurgii.

LITERATURA

1. Costa LR. [Subconjunctival scleral grafts]. Arch Soc Cir Hosp. 1945
Dec;15:755-758. Spanish.

2. Larsson S. Treatment of perforated corneal ulcer by autoplastic
scleral transplantation. Br J Ophthalmol. 1948 Jan;32(1):54-57.

3. KurzlJ.Pfeména skleralni tkané po implantaci do lidské rohovky.
[Transformation of the scleral tissue following implantation
in the human cornea]. Cesk Oftalmol. 1953 Oct;9(5):393-401.
Czech.

4.  Kok-Van Alphen CC. Corneal grafting of sclera, skin and mucous
membrane. Ophthalmologica. 1951 Dec;122(6):382-384.

5. Paufique L, Moreau PG. [Scleromalacia perforans: histologic as-
pect, treatment by scleral transplant]. Ann Ocul (Paris). 1953
Dec;186(12):1065-1076.

6. Kanagasundaram CR. Repair of perforating injury with a scleral
graft. Br J Ophthalmol. 1959 Jul;43(7):440-441.

7.  Obear MF, Winter FC. Technique of overlay scleral homograft. Arch
Ophthalmol. 1964 Jun;71:837-838.

8.  Payrau P,Remky H.[Scleroplasty with preserved sclera]. Klin Monbl
Augenheilkd Augenarztl Fortbild. 1961 Jul;138:797-804.

9. Rodriguez-Vasquez F. New implant for retinal detachement sur-
gery. Am J Ophthalmol. 1962;53:937-943.

10.  Wilson FM. Homografts of preserved sclera in retinal detachement
surgery. Arch Ophthalmol. 1964 Aug;72:212-218.

A NN A

11. Knobloch WH, Cibis PA. Retinal detachment surgery with pre-
served human sclera. Am J Ophthalmol. 1965 Aug;60:191-204.

12. Stilma JS. Conjunctival excision or lamellar scleral autograft in
38 Mooren’s ulcers from Sierra Leone. Br J Ophthalmol. 1983
Jul;67(7):475-478.

13.  Wang B, Wang Y, Ding J. [Repair of cornea-sclera defect by autoge-
nous sclera graft from the same eye]. Zhongguo Xiu Fu Chong Jian
Wai Ke Za Zhi. 1997 Jul;11(4):206-207.

14. Chaidaroon W, Sonthi W, Manassakorn A. Penetrating keratoplas-
ty following scleral patch graft procedure. J Med Assoc Thai. 2004
Jan;87(1):53-58.

15.  Prydal JI. Use of an autologous lamellar scleral graft to repair a cor-
neal perforation. Br J Ophthalmol. 2006 Jul;90(7):924.

16. Levartovsky S, Springer A, Leiba H, Marcovich AL, Pollack A. Ho-
mologous scleral graft for corneal perforation in a child. Cornea.
2008 Feb;27(2):230-231.

17. TurnerSJ, Johnson Z, Corbett M, Prydal J. Scleral autoplasty for the
repair of corneal perforations: a case series. Br J Ophthalmol. 2010
May;94(5):669-670.

18. Sharma A, Mohan K, Sharma R, Nirankari VS. Scleral Patch Graft
Augmented Cyanoacrylate Tissue Adhesive for Treatment of Mod-
erate-Sized Noninfectious Corneal Perforations (3.5-4.5 mm). Cor-
nea. 2013 Oct;32(10):1326-1330.

AreciZl A CLAWIFERAICIZE AFTALAAAL ZAAZ~IF . InAS A



19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Prasher P. Use of an autologous lamellar scleral graft to repair
a corneal perforation. Int Ophthalmol. 2014 Aug;34(4):957-960.
Jovanovic V, Jankov M, Nikolic L. Treatment of perforated cornea
with an autologous lamellar scleral graft: histologic findings. Arq
Bras Oftalmol. 2018 Jan-Feb;81(1):59-62.

Jyothi ELS, Krishna OG, Rao PL, Sekhar PR. Case series of scleral
patch grafts during COVID-19 pandemic. Indian J Ophthalmol.
2021 Sep;69(9):2530-2532.

Karaca U, Usta G. The usability of lamellar scleral autograft in ocular
perforation treatment. Int Ophthalmol. 2022 Feb;42(2):377-383.
Armstrong K, McGovern VJ. Scleromalacia perforans with repair
grafting. Trans Ophthalmol Soc Aust. 1955;15:110-121.

Sevel D, Abramson A. Necrogranulomatous scleritis treated by an
onlay scleral graft. Br J Ophthalmol. 1972 Nov;56(11):791-799.

de la Maza MS, Tauber J, Foster CS. Scleral grafting for necrotizing
scleritis. Ophthalmology. 1989 Mar;96(3):306-310.

Saito N, Mori T, Kubota Y, Tochikubo T, Matsuhashi M, Komoto M.
[A case of lamellar keratoplasty and autoscleroplasty combined
with keratoepithelioplasty for Wegener’s sclerocorneal ulcer]. Nip-
pon Ganka Gakkai Zasshi. 1992 Aug;96(8):1061-1066. Japanese.
Kachmaryk M, Bouchard CS, Duffner LA. Bilateral fascia lata patch
grafts in a patient with progressive scleromalacia perforans. Oph-
thalmic Surg Lasers. 1996 May;27(5):397-400.

Sangwan VS, Jain V, Gupta P. Structural and functional outcome of
scleral patch graft. Eye (Lond). 2007 Jul;21(7):930-935.
Aldasoro-Caceres V, Aldasoro-Céceres |, Pérez-Moreiras JV, Mu-
rié-Ferndndez M, Ibafez-Bosch R. Escleritis necrotizante c-ANCA
positivo y esclerosis multiple compatible con Wegener ocular:
tratamiento con rituximab [C-ANCA positive necrotising scleritis
and multiple sclerosis compatible with ocular Wegener: treatment
with rituximab]. Arch Soc Esp Oftalmol. 2014 Jan;89(1):31-34.
Spanish.

Wen JC, Lam J, Banitt MR. Scleral Patch Graft With a Suture Re-
inforcement Technique in Surgical Management of Necrotizing
Scleritis With Ectasia. Cornea. 2018 Jul;37(7):933-935.

Ryan SJ, Goldberg MF. Scleral surgery: selected indications and
techniques. Doc Ophthalmol. 1971 May 14;29(2):261-287.

Gopal L, Badrinath SS. Autoscleral flap grafting: a technique of
scleral repair. Ophthalmic Surg. 1995 Jan-Feb;26(1):44-48.

Oh JH, Kim JC. Repair of scleromalacia using preserved scleral
graft with amniotic membrane transplantation. Cornea. 2003
May;22(4):288-293.

Ozcan AA, Bilgic E, Yagmur M, Ers6z TR. Surgical management of
scleral defects. Cornea. 2005 Apr;24(3):308-311.

Esquenazi S. Autogenous lamellar scleral graft in the treatment of
scleral melt after pterygium surgery. Graefes Arch Clin Exp Oph-
thalmol. 2007 Dec;245(12):1869-1871.

Jain'V, Shome D, Natarajan S, Narverkar R. Surgically induced nec-
rotizing scleritis after pterygium surgery with conjunctival auto-
graft. Cornea. 2008 Jul;27(6):720-721.

de Farias CC, Sterlenich T, de Sousa LB, Vieira LA, Gomes JAP. Ran-
domized trial comparing multilayer amniotic membrane trans-
plantation with scleral and corneal grafts for the treatment of
scleral thinning after pterygium surgery associated with beta ther-
apy. Cornea. 2014 Nov;33(11):1197-1204.

Polat N. Use of an Autologous Lamellar Scleral Graft to Repair
a Scleral Melt After Mitomycin Application. Ophthalmol Ther. 2014
Dec;3(1-2):73-76.

Pujari A, Chaniyara MH, Sharma P, Sharma N. Necrotizing scleritis
following uncomplicated strabismus surgery. Indian J Ophthal-
mol. 2020 Nov;68(11):2555-2557.

Rajagopal R, Matai HD, Gopal L, Susvar P, Bhende PS. Anterior
staphyloma repair following trauma and surgery - A retrospective
review of techniques and outcomes over 25 years. Indian J Oph-
thalmol. 2022 Aug;70(8):2967-2971.

Lamba PA, Shukla KN, Ganapathy M. Rhinosporidium granulo-
ma of the conjunctiva with scleral ectasia. Br J Ophthalmol. 1970
Aug;54(8):565-568.

de Doncker RM, de Keizer RJ, Oosterhuis JA, Maes A. Scleral melt-
ing in a patient with conjunctival rhinosporidiosis. Br J Ophthal-
mol. 1990 Oct;74(10):635-637.

Lin CP, Wu YH, Chen MT, Huang WL. Repair of a giant scleral ulcer
with a scleral graft and tissue glue. Am J Ophthalmol. 1991 Feb
15;111(2):251.

Lin CP, Tsai MC, Wu YH, Shih MH. Repair of a giant scleral ulcer with
preserved sclera and tissue adhesive. Ophthalmic Surg Lasers.
1996 Dec;27(12):995-999.

ezl A CLAWIFERAICIZE AFTALAAAL ZAAZ~IF . /AN A

45.

46.

47.

48.

49.

50.

51.

52.

53.

24,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Castelino AM, Rao SK, Biswas J, Gopal L, Madhavan HN, Kumar SK.
Conjunctival rhinosporidiosis associated with scleral melting and
staphyloma formation: diagnosis and management. Cornea. 2000
Jan;19(1):30-33.

Siatiri H, Mirzaee-Rad N, Aggarwal S, Kheirkhah A. Combined
Tenonplasty and Scleral Graft for Refractory Pseudomonas Scleri-
tis Following Pterygium Removal with Mitomycin C Application.
Ophthalmic Vis Res. 2018 Apr-Jun;13(2):200-202.

Nakazawa M, Tamai M, Kiyosawa M, Watanabe Y. Homograft of pre-
served sclera for post-traumatic scleral staphyloma in Ehlers-Dan-
los syndrome. Graefes Arch Clin Exp Ophthalmol. 1986;224(3):247-
250.

Barman M, Finger PT, Milman T. Scleral patch grafts in the manage-
ment of uveal and ocular surface tumors. Ophthalmology. 2012
Dec;119(12):2631-2636.

Zahiti-Rashiti K, Meyer P, Goldblum D. Oral Mucosa as a Treatment
Option in Perforating Scleral Necrosis after Proton Beam Radiation
Therapy. Klin Monbl Augenheilkd. 2018 Apr;235(4):459-460.
Correa ZM, Huth B, Augsburger JJ. Scleral necrosis in patients with
posterior uveal melanomas evaluated by transcleral fine needle
aspiration biopsy and treated by 125l plaque. Arg Bras Oftalmol.
2018 Jul-Aug;81(4):330-335.

Rodriguez-Ares MT, Tourifio R, Capeans C, Sanchez-Salorio M.
Repair of scleral perforation with preserved scleral and amniotic
membrane in Marfan’s syndrome. Ophthalmic Surg Lasers. 1999
Jun;30(6):485-487.

Jain V, Natarajan S, Shome D, Gadgil D. Spectacle-induced ocular
trauma: an unusual mechanism. Cornea. 2007 Jan;26(1):109-110.
Turaga K, Senthil S, Jalali S. Recurrent spontaneous scleral rupture
in Marfan’s syndrome. BMJ Case Rep. 2016 May 19.

Tarkkanen A, Vannas S. Corneoscleral grafting in the treatment
of malignant melanoma of the limbus. Ann Chir Gynaecol Fenn.
1967;56(3):327-329.

Wilensky JT, Holland MG. A pigmented tumor of the ciliary body.
Arch Ophthalmol. 1974 Sep;92(3):219-220.

Rummelt V, Naumann GO, Folberg R, Weingeist TA. Surgical man-
agement of melanocytoma of the ciliary body with extrascleral
extension. Am J Ophthalmol. 1994 Feb 15;117(2):169-176.
Peyman GA, Apple DJ. Local excision of choroidal malignant mela-
noma. Arch Ophthalmol. 1974 Sep;92(3):216-218.

Shields JA, Eagle RC, Marr BP, Shields CL, Grossniklaus HE, Stulting
RD. Invasive spindle cell carcinoma of the conjunctiva managed
by full-thickness eye wall resection. Cornea. 2007 Sep;26(8):1014-
1016.

Paufique L, Charleux J. [Corneo-scleral graft for the treatment
of dermoids of the limbus]. Bull Soc Ophtalmol Fr. 1967 May-
Jun;67(5):463-467.

Burillon C, Durand L. Solid dermoids of the limbus and the cornea.
Ophthalmologica. 1997;211(6):367-372.

Guo H, Huang K, Zhou D et al. [Acute leukemia child with ocular
Kaposi's sarcoma after hematopoietic stem cell transplantation:
a case report and literatures review]. Zhonghua Xue Ye Xue Za Zhi.
2013 May;34(5):445-448. Chinese.

Kobtan H. Use of autologous fascia lata as a natural biomaterial
for tectonic support in surgically induced necrotizing scleritis. Eye
(Lond). 2015 Apr;29(4):580-584.

Yoo WS, Kim CR, Kim BJ et al. Successful Treatment of Infec-
tious Scleritis by Pseudomonas aeruginosa with Autologous
Perichondrium Graft of Conchal Cartilage. Yonsei Med J. 2015
Nov;56(6):1738-1741.

Kim JT, Kim KW, Mun S, Chun YS, Kim JC. Transplantation of au-
tologous perichondrium with amniotic membrane for progressive
scleral necrosis. Ocul Surf. 2019 Jul;17(3):571-577.

Alkharashi M, Dagi AF, Dagi LR. Pericardial patch graft repair of
severe localized scleral thinning encountered during strabismus
surgery. J AAPOS. 2017 Apr;21(2):156.

Bhalla M, Luk S, Jolly R, Ahmed F. Two-stage aqueous drain-
age tube implant with pericardial graft patch. Eye (Lond). 2019
Sep;33(9):1509-1516.

Droutsas K, Giachos |, Katsiampoula V, Kourti P, Kymionis G, Petrou
P. Treatment of Progressive Scleromalacia Perforans by Tectonic
Enhancement With Lyophilized Equine Pericardium. Cornea. 2021
May 1;40(5):648-651.

Zgolli HM, Mabrouk S, Fekih O, Malek I, Nacef L. Superficial Tem-
poral Muscle Fascia Grafting: Successful Transplant of Surgical-in-
duced Necrotizing Scleritis. Middle East Afr J Ophthalmol. 2021 Jan
19;27(4):238-240.

A NN



69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Lamarca-Mateu J, Salvador-Culla B, Gémez-Benlloch A, Barraquer
RI. Oral mucosa for reconstructive surgery in a case of severe in-
flammatory necrotizing sclero-uveitis. Indian J Ophthalmol. 2020
Jan;68(1):221-223.

Finger PT, Reddy HS, Maheshwari A. Tarsoconjunctival flap for
scleromalacia related to treatments for conjunctival melanoma.
Am J Ophthalmol Case Rep. 2023 Jan 18.

de Farias CC, Sterlenich T, de Sousa LD, Vieira LA, Gomes JAP.
Randomized trial comparing multilayer amniotic membrane
transplantation with scleral and corneal grafts for the treatment
of scleral thinning after pterygium surgery associated with beta
therapy. Cornea. 2014 Nov;33(11):1197-1204.

Syed YA, Rapuano CJ. Umbilical amnion and amniotic membrane
transplantation for infectious scleritis and scleral melt: A case se-
ries. Am J Ophthalmol Case Rep. 2021 Jan 23.

Naseripour M, Aghaei H, Sedaghat A, Kheirkhah A, Jaberi R, Azma
Z. Corneal Patch Graft: A New Approach for Scleral Necrosis Sec-
ondary to Plaque Radiotherapy. Cornea. 2016 Apr;35(4):565-568.
Burcu A, Yalniz-Akkaya Z, Ozdemir ES, Ozbek-Uzman S. Donor Cor-
nea 74. Use in Scleral Surface Reconstruction. Turk J Oph-
thalmol. 2021 Aug 27;51(4):192-198.

Balestrazzi E, Mosca L, Blasi MA, Giannico MI, Balestrazzi A. Tectonic
Keratoplasty to Restore the Bulbar Wall after Block Excision of Be-
nign and Malignant Intraocular Tumors. J Ophthalmol. 2019 May 2.
Borley WE, Snyder AA. Surgical treatment of high myopia; the com-
bined lamellar scleral resection with scleral reinforcement using
donor eye. Trans Am Acad Ophthalmol Otolaryngol. 1958 Nov-
Dec;62(6):791-801.

Miller WW, Borley WE. Surgical treatment of degenerative myopia.
Scleral reinforcement. Am J Ophthalmol. 1964 May;57:796-804.
Thompson FB. A simplified scleral reinforcement technique. Am J
Ophthalmol. 1978 Dec;86(6):782-790.

Ward B, Tarutta EP, Mayer MJ. The efficacy and safety of posterior
pole buckles in the control of progressive high myopia. Eye (Lond).
2009 Dec;23(12):2169-2174.

Autrata R, Senkova K, Un¢ovska E, Rehdiek J. Skleroplastika pfi pro-
gresivni mopii u déti: 20-leté vysledky. Folia strabologica et neu-
roophthalmologica. 2011;10(1):18-19. Czech.

Xue A, Zheng L, Tan G et al. Genipin-Crosslinked Donor Sclera for
Posterior Scleral Contraction/Reinforcement to Fight Progressive
Myopia. Invest Ophthalmol Vis Sci. 2018 Jul 2;59(8):3564-3573.
Gerinec A, Slezakova G. Posterior scleroplasty in children with se-
vere myopia. Bratis| Lek Listy. 2001;102(2):73-78.

Chen M, Dai J, Chu R, Qian Y. The efficacy and safety of modified
Snyder-Thompson posterior scleral reinforcement in extensive
high myopia of Chinese children. Graefes Arch Clin Exp Ophthal-
mol. 2013 Nov;251(11):2633-2638.

SzéEIIN, Boross A, Facsko A, Sohajda Z. Results with Posterior Scleral
Reinforcement for Progressive Highly Myopic Children in Hungary.
Klin Monbl Augenheilkd. 2022 Sep;239(9):1125-1131.

Miller HA. Scleral buckling with human preserved sclera in ret-
inal detachment surgery. Nippon Ganka Gakkai Zasshi. 1966
Nov;70(11):2771-2778.

Pischel DK. The use of scleral transplants in the treatment o reti-
nal detachment. Trans Pac Coast Otoophthalmol Soc Annu Meet.
1967;51:9-12.

Breffeilh LA. The use of human sclera as an encircling band for
surgical treatment of retinal detachment. South Med J. 1971
Nov;64(11):1346-1347.

O’Gawa GM, Carey JD. Homologous scleral explant buckles in ret-
inal detachment surgery. Am J Ophthalmol. 1974 Apr;77(4):505-
508.

Francois J, Verbraeken H, Hanssens M. Scleral pockets and ly-
ophilized sclera in retinal detachments. Ophthalmologica.
1979;179(3):153-157.

Poulsen CD, Peto T, Grauslund J, Green A. Epidemiologic charac-
teristics of retinal detachment surgery at a specialized unit in Den-
mark. Acta Ophthalmol. 2016 Sep;94(6):548-555.

Roldéan-Pallarés M, del Castillo Sanz JL, Susi SA, Refojo MF. Long-
term complications of silicone and hydrogel explants in retinal
reattachment surgery. Arch Ophthalmol. 1999 Feb;117(2):197-201.
Sheu SJ, Chou LC, Lee IY, Wang CC. Histopathology of polytetraflu-
oroethylene (Gore-tex) as a scleral buckle in humans. Ophthalmic
Surg Lasers. 2001 May-Jun;32(3):245-247.

Shah PK, Karandikar SS, Narendran V. Scleral Autograft for Optic
Nerve Head Pit Associated Chronic Maculopathy. Ophthalmic Surg
Lasers Imaging Retina. 2017 Mar 1;48(3):251-254.

A NN

94,

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

11,

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Helveston EM, Young LL. Human scleral patch for repair of exposed
or extruded orbital implants. Surg Forum. 1968;19:490-492.
Helveston EM. Human bank scleral patch; for repair of exposed or
extruded orbital implants. Arch Ophthalmol. 1969 Jul;82(1):83-86.
Helveston EM. A scleral patch for exposed implants. Trans Am Acad
Ophthalmol Otolaryngol. 1970 Nov-Dec;74(6):1307-1310.

Zolli C, Shannon GM. Experience with donor sclera for extruding
orbital implants. Ophthalmic Surg. 1977 Feb;8(1):63-70.

Soll DB. The use of sclera in surgical management of extruding im-
plants. Ophthalmology. 1978 Aug;85(8):863-868.

McCarthy RW, Swann ES. Autogenous scleral graft in implant ex-
trusion. Ophthalmic Surg. 1980 Oct;11(10):686-687.

Goldberg MF. A simplified scleral graft technique for covering an ex-
posed orbital implant. Ophthalmic Surg. 1988 Mar;19(3):206-211.
Rubin PA. Enucleation, evisceration, and exenteration. Curr Opin
Ophthalmol. 1993 Nov;4(5):39-48.

Kim J-H, Khwarg S-I, Choung HK, Yu YS. Management of porous
polyethylene implant exposure in patients with retinoblastoma
following enucleation. Ophthalmic Surg Lasers Imaging. 2004
Nov-Dec;35(6):446-452.

Axmann S, Paridaens D. Anterior surface breakdown and implant
extrusion following secondary alloplastic orbital implantation sur-
gery. Acta Ophthalmol. 2018 May;96(3):310-313.

Soll DB. Donor sclera in enucleation surgery. Arch Ophthalmol.
1974 Dec;92(6):494-495.

Oestreicher JH, Liu E, Berkowitz M. Complications of hydroxyapa-
tite orbital implants. A review of 100 consecutive cases and a com-
parison of Dexon mesh (polyglycolic acid) with scleral wrapping.
Ophthalmology. 1997 Feb;104(2):324-329.

Inkster CF, Ng SGJ, Leatherbarrow B. Primary banked scleral patch
graft in the prevention of exposure of hydroxyapatite orbital im-
plants. Ophthalmology. 2002 Feb;109(2):389-392.

Arat YO, Shetlar DJ, Boniuk M. Bovine pericardium versus homol-
ogous sclera as a wrapping for hydroxyapatite orbital implants.
Ophthalmic Plast Reconstr Surg. 2003 May;19(3):189-193.

Yoon JS, Lew H, Kook KH, Lee SY. The use of autogenous sclera as
wrapping material in hydroxyapatite implantation. Ophthalmo-
logica. 2009;223(1):7-11.

Gawdat TI, Ahmed RA. Scleral shield: primary results of a new sur-
gical technique in augmenting porous orbital implant protection.
Eur J Ophthalmol. 2014 Nov-Dec;24(6):948-952.

Nadal J, Daien V, Jacques J, Hoa D, Mura F, Villain M. Evisceration
with autogenous scleral graft and bioceramic implantation with-
in the modified scleral shell: 133 cases over 17 years. Orbit. 2019
Feb;38(1):19-23.

Smith B, Lisman RD. Use of sclera and liquid collagen in the cam-
ouflage of superior sulcus deformities. Ophthalmology. 1983
Mar;90(3):230-235.

Gayre GS, Debacker C, Lipham W, Tawfik HA, Holck D, Dutton JJ. Bo-
vine pericardium as a wrapping for orbital implants. Ophthalmic
Plast Reconstr Surg. 2001 Sep;17(5):381-387.

Chow K, Satchi K, McNab AA. Combined use of bulbar conjunctival
pedicle flap and labial mucous membrane graft for porous orbital
implant exposure: Long-term outcome. Orbit. 2018 Aug;37(4):293-
298.

Wang J-K, Liao S-L, Lai P-C, Lin LLK. Prevention of exposure of po-
rous orbital implants following enucleation. Am J Ophthalmol.
2007 Jan;143(1):61-67.

Bodian M. Repair of ptosis using human sclera. Am J Ophthalmol.
1968 Mar;65(3):352-358.

Helveston EM, Wilson DL. A suture-reinforced scleral sling. Tech-
nique for suspension of the ptotic upper lid. Arch Ophthalmol.
1975 Aug;93(8):643-645.

Wasserman BN, Sprunger DT, Helveston EM. Comparison of
materials used in frontalis suspension. Arch Ophthalmol. 2001
May;119(5):687-691.

Krasny J, Méricka P. Moznosti feSeni ptozy v détstvi i v dospélosti
[Treatment of ptosis in children and adults]. Cesk Slov Oftalmol.
1999 May;55(3):145-154. Czech.

Chen L, Li J, Zhang C, Li Y, Hou L, Ma J. Surgical Interventions for
Congenital Ptosis: a Systematic Review and Meta-analysis of 14
Randomized Controlled Trials. Aesthetic Plast Surg. 2023 May 5.
Nakauchi K, Mito H, Mimura O. Frontal suspension for congenital
ptosis using an expanded polytetrafluoroethylene (Gore-Tex (°))
sheet: one-year follow-up. Clin Ophthalmol. 2013;7:131-136.
Théra JP, Tiama JM, Konipo A, Napo A, Bamani S. Traitement du
ptosis congénital dans un pays a faible revenu: suspension du

AreciZl A CLAWIFERAICIZE AFTALAAAL ZAAZ~IF . InAS A



122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134

135.

136.

137.

138

139.

140.

141.

142.

143.

144.

145.

146.

147.

AreciZl A CLANWIFERAICIZE AFTALAAAL A1

releveur au muscle frontal par le polypropyléne a I'Institut d’Oph-
talmologie tropicale de I'Afrique (IOTA) [Treatment of congenital
ptosis in a low-income country: polypropylene frontalis sling at
the African Institute of Tropical Ophthalmologyl. J Fr Ophtalmol.
2020 Feb;43(2):123-127. French.

Tenzel RR, Miller GR, Rubenzik R. Cicatricial upper lid entropi-
on. Treated with banked scleral graft. Arch Ophthalmol. 1975
Oct;93(10):999-1000.

Rubenzik R, Tenzel RR, Miller GR. Repair of cicatricial entropion of
the upper eyelid. Am J Ophthalmol. 1975 Aug;80(2):302-303.
Dryden RM, Soll DB. The use of scleral transplantation in cicatricial
entropion and eyelid retraction. Trans Sect Ophthalmol Am Acad
Ophthalmol Otolaryngol. 1977 Jul-Aug;83(4 Pt 1):669-678.
Thommy CP. Scleral homograft inlay for correction of cicatricial en-
tropion and trichiasis. Br J Ophthalmol. 1981 Mar;65(3):198-201.
Zhang L, Hou Z, Li Y, Li D. Combined Surgical Strategies Adjusted
to Clinical Evaluations for Severe Upper Eyelid Cicatricial Entropion
and Trichiasis. J Craniofac Surg. 2023 Mar-Apr;34(2):764-767.
Crawford JS, Easterbrook M. The use of bank sclera to correct lid
retraction. Can J Ophthalmol. 1976 Oct;11(4):309-322.
Cooper WC. The surgical management of the lid changes of Graves
disease. Ophthalmology. 1979 Dec;86(12):2071-2080.

Flanagan JC. Retraction of the eyelids secondary to thyroid oph-
thalmopathy--its surgical correction with sclera and the fate of the
graft. Trans Am Ophthalmol Soc. 1980;78:657-685.

Doxanas MT, Dryden RM. The use of sclera in the treatment of dys-
thyroid eyelid retraction. Ophthalmology. 1981 Sep;88(9):887-894.
Hurwitz JJ, Archer KF, Gruss JS. Treatment of severe lower eyelid
retraction with scleral and free skin grafts and bipedicle orbicularis
flap. Ophthalmic Surg. 1990 Mar;21(3):167-172.

Mourits MP, Koornneef L. Lid lengthening by sclera interposition
for eyelid retraction in Graves’ ophthalmopathy. Br J Ophthalmol.
1991 Jun;75(6):344-347.

Feldman KA, Putterman AM, Farber MD. Surgical treatment of
thyroid-related lower eyelid retraction: a modified approach. Oph-
thalmic Plast Reconstr Surg. 1992;8(4):278-286.

Olver JM, Rose GE, Khaw PT, Collin JR. Correction of lower eyelid
retraction in thyroid eye disease: a randomised controlled trial of
retractor tenotomy with adjuvant antimetabolite versus scleral
graft. Br J Ophthalmol. 1998 Feb;82(2):174-180.

Oestreicher JH, Pang NK, Liao W. Treatment of lower eyelid retrac-
tion by retractor release and posterior lamellar grafting: an analy-
sis of 659 eyelids in 400 patients. Ophthalmic Plast Reconstr Surg.
2008 May-Jun;24(3):207-212.

Park E, Lewis K, Alghoul MS. Comparison of Efficacy and Compli-
cations Among Various Spacer Grafts in the Treatment of Lower
Eyelid Retraction: A Systematic Review. Aesthet Surg J. 2017 Jul
1,37(7):743-754.

Wesley WE, McCord Jr CD. Transplantation of eyebank sclera in the
Cutler--Beard method of upper eyelid reconstruction. Ophthal-
mology. 1980 Oct;87(10):1022-1028.

Carroll RP. Entropion following the Cutler-Beard procedure. Oph-
thalmology. 1983 Sep;90(9):1052-1055.

Berlin AJ, Carim M, Langston RH, Price RL. Scleral grafting in the
management of ligneous conjunctivitis. Ophthalmic Surg. 1982
Apr;13(4):288-291.

Leone Jr CR. Periosteal flap for lower eyelid reconstruction. Am J
Ophthalmol. 1992 Oct 15;114(4):513-514.

Nesterov AP, Kolesnikova LN. Implantation of a scleral strip into the
supraciliary space and cyclodialysis in glaucoma. Acta Ophthalmol
(Copenh). 1978 Oct;56(5):697-704.

Freedman J. Scleral patch grafts with Molteno setons. Ophthalmic
Surg. 1987 Jul;18(7):532-534.

Lam SA, Cheuk W, Lai JS. Short-term results of using Lamellar Cor-
neo-scleral patch graft for the Ahmed glaucoma valve implant sur-
gery. Yan Ke Xue Bao. 1997 Sep;13(3):109-112.

Aslanides IM, Spaeth GL, Schmidt CM, Lanzl IM, Gandham SB.
Autologous patch graft in tube shunt surgery. J Glaucoma. 1999
Oct;8(5):306-309.

Smith MF, Doyle JW, Ticrney Jr JW. A comparison of glaucoma drain-
age implant tube coverage. J Glaucoma. 2002 Apr;11(2):143-147.
Zalta AH. Long-term experience of patch graft failure after Ahmed
Glaucoma Valve® surgery using donor dura and sclera allografts.
Ophthalmic Surg Lasers Imaging. 2012 Sep-Oct;43(5):408-415.
Choudhari NS, Neog A, Sharma A, lyer GK, Srinivasan B. Our expe-
rience of fibrin sealant-assisted implantation of Ahmed glaucoma
valve. Indian J Ophthalmol. 2013 Jan-Feb;61(1):23-27.

’

™A™ A

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

Muir KW, Lim A, Stinnett S, Kuo A, Tseng H, Walsh MM. Risk factors
for exposure of glaucoma drainage devices: a retrospective obser-
vational study. BMJ Open. 2014 May 2.

Tsoukanas D, Xanthopoulou P, Charonis AC, Theodossiadis P, Kop-
sinis G, Filippopoulos T. Heterologous, Fresh, Human Donor Sclera
as Patch Graft Material in Glaucoma Drainage Device Surgery. J
Glaucoma. 2016 Jul;25(7):558-564.

Wijsard MH, Haan M, Rietveld E, van Rijn LJ. Donor sclera versus
bovine pericardium as patch graft material in glaucoma implant
surgery and the impact of a drainage suture. Acta Ophthalmol.
2018 Nov;96(7):692-698.

Pakravan M, Hatami M, Esfandiari H et al. Ahmed Glaucoma Valve
Implantation: Graft-Free Short Tunnel Small Flap versus Scleral
Patch Graft after 1-Year Follow-up: A Randomized Clinical Trial.
Ophthalmol Glaucoma. 2018 Nov-Dec;1(3):206-212.

Wang Y, Li X, Huang W et al. Partial thickness cornea tissue from
small incision lenticule extraction: A novel patch graftin glaucoma
drainage implant surgery. Medicine (Baltimore). 2019 Mar.
Kitnarong N, Srikulsasitorn B, Aurboonsong T. Glycerin-preserved
Human-donor Corneoscleral Patch Grafts for Glaucoma Drainage
Devices. J Glaucoma. 2020 Nov;29(11):1065-1069.

Panda S, Khurana M, Vijaya L, George R, Balekudaru S. Comparison
of conjunctiva-related complications between scleral and corneal
patch grafts in Ahmed glaucoma valve implantation. Indian J Oph-
thalmol. 2023 Mar;71(3):881-7.

Zeppa L, Romano MR, Capasso L, Tortori A, Majorana MA, Costagli-
ola C. Sutureless human sclera donor patch graft for Ahmed glau-
coma valve. Eur J Ophthalmol. 2010 May-Jun;20(3):546-51.
Wigton E, Swanner JC, Joiner W et al. Outcomes of shunt tube cov-
erage with glycerol preserved cornea versus pericardium. J Glau-
coma. 2014 Apr-May;23(4):258-261.

Lind JT, Shute TS, Sheybani A. Patch graft materials for glaucoma
tube implants. Curr Opin Ophthalmol. 2017 Mar;28(2):194-198.
Sheha H, Tello C, Al-Aswad LA, Sayed MS, Lee RK. Outcomes of the
Shunt Tube Exposure Prevention Study: A Randomized Clinical Tri-
al. Ophthalmol Glaucoma. 2019 Nov-Dec;2(6):392-401.

Ahmed F, Mohamed NG. TAG (Tube and Graft) Sandwich Tech-
nigue: A Novel Single-Stage Scleral Reinforcement and Aqueous
Drainage Tube Implantation. Case Rep Ophthalmol Med. 2021 Jul
14.

Singh M, Chew PTK, Tan D. Corneal patch graft repair of exposed
glaucoma drainage implants. Cornea. 2008 Dec;27(10):1171-1173.
Spierer O, Waisbourd M, Golan Y, Newman H, Rachmiel R. Partial
thickness corneal tissue as a patch graft material for prevention of
glaucoma drainage device exposure. BMC Ophthalmol. 2016 Feb
27.

ChunYS, Kim KW, Kim JC. Autologous tragal perichondrium patch
graft for ahmed glaucoma valve tube exposure. J Glaucoma. 2013
Dec.

Stephens JD, Sarkisian SR Jr. The use of collagen matrix (Ologen) as
a patch graft in glaucoma tube shunt surgery, a retrospective chart
review. F1000Res. 2016 Aug 1.

Gdih G, Jiang K. Graft-free Ahmed valve implantation through a 6
mm scleral tunnel. Can J Ophthalmol. 2017 Feb;52(1):85-91.
Eslami Y, Azaripour E, Mohammadi M, Kiarudi MY, Fakhraie G, Za-
rei R et al. Single long scleral tunnel technique for prevention of
Ahmed valve tube exposure. Eur J Ophthalmol. 2019 Jan;29(1):52-
56.

Melamed S, Ashkenazi |, Belcher DC 3rd, Blumenthal M. Donor
scleral graft patching for persistent filtration bleb leak. Ophthalmic
Surg. 1991 Mar;22(3):164-165.

Clune MJ, Shin DH, Olivier MM, Kupin TH. Partial-thickness scler-
al-patch graft in revision of trabeculectomy. Am J Ophthalmol.
1993 Jun 15;115(6):818-820.

Yan L, Zhang S, Dong Q. [The effect of heterogeneous scleral trans-
plantation on hypotony after filtration surgery of glaucoma with
mitomycin C]. Zhonghua Yan Ke Za Zhi. 1997 May;33(3):181-183.
Kosmin AS, Wishart PK. A full-thickness scleral graft for the surgical
management of a late filtration bleb leak. Ophthalmic Surg Lasers.
1997 Jun;28(6):461-468.

Morris DA, Ramocki JM, Shin DH, Glover BK, Kim YY. Use of autol-
ogous Tenon’s capsule and scleral patch grafts for repair of exces-
sively draining fistulas with leaking filtering blebs. Glaucoma. 1998
Dec;7(6):417-419.

Oyakhire JO, Moroi SE. Clinical and anatomical reversal of long-term
hypotony maculopathy. Am J Ophthalmol. 2004 May;137(5):953-
955.

A NN



172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183

Kompa S, Redbrake C, Arend O, Remky A. [Defect closure with
scleral grafts]. Klin Monbl Augenheilkd. 2004 Oct;221(10):867-871.
Halkiadakis I, Lim P, Moroi SE. Surgical results of bleb revision with
scleral patch graft for late-onset bleb complications. Ophthalmic
Surg Lasers Imaging. 2005 Jan-Feb;36(1):14-23.

Harizman N, Ben-Cnaan R, Goldenfeld M, Levkovitch-Verbin H,
Melamed S. Donor scleral patch for treating hypotony due to leak-
ing and/or overfiltering blebs. J Glaucoma. 2005 Dec;14(6):492-496.
Au L, Wechsler D, Spencer F, Fenerty C. Outcome of bleb revision
using scleral patch graft and conjunctival advancement. J Glauco-
ma. 2009 Apr-May;18(4):331-335.

King AJ, Rotchford AP. The use of a scleral micro-patch graft and
fibrin glue to treat scleral flap defects following trabeculectomy. Br
J Ophthalmol. 2009 Sep;93(9):1269-1270.

Mardelli PG, Mardelli ME, Bakkour Z. A Novel Hinged Scleral Patch
Graft for the Repair of Overfiltration and Bleb Leaks. J Glaucoma.
2018 Apr;27(4):377-381.

Prokosch-Willing V, Lamparter J, Hassan SNU, Toshev AP, Pfeiffer N,
Hoffmann EM. Results of an Adaptive Surgical Approach for Man-
aging Late Onset Hypotony After Trabeculectomy With Mitomycin
C.J Glaucoma. 2018 Apr;27(4):307-314.

O’Rourke M, Moran S, Collins N, Doyle A. Bleb reconstruction us-
ing donor scleral patch graft for late bleb leak and hypotony. Eur J
Ophthalmol. 2021 May;31(3):1039-1046.

Rai P, Lauande-Pimentel R, Barton K. Amniotic membrane as an ad-
junct to donor sclera in the repair of exposed glaucoma drainage
devices. Am J Ophthalmol. 2005 Dec;140(6):1148-1152.

Liu X, Law SK. Autologous Partial-thickness Scleral Flap and Donor
Corneal Graft in Management of Tube Erosion of Glaucoma Drain-
age Device. J Glaucoma. 2019 Apr;28(4):347-351.

Zheng P, Pang X. Bleb-associated endophthalmitis treated by
sclera patch graft, vitrectomy and endoscopic cyclophotocoagu-
lation. Chin Med J (Engl). 2012 Sep;125(18):3344-3345.

. Thakur S, Ichhpujani P, Kumar S. Grafts in Glaucoma Surgery: A Re-

view of the Literature. Asia Pac J Ophthalmol (Phila). 2017 Sep-
Oct;6(5):469-476.

A NN

184.

185.

186.

187.

188.

189.

190.

191.

192.

Bochmann F, Kaufmann C, Kipfer A, Thiel MA. Corneal patch graft
for the repair of late-onset hypotony or filtering bleb leak after
trabeculectomy: a new surgical technique. J Glaucoma. 2014
Jan;23(1):e76-80.

Devloo S, Deghislage C, van Malderen L, Goethals M, Zeyen T.
Non-penetrating deep sclerectomy without or with autologous
scleral implant in open-angle glaucoma: medium-term results.
Graefes Arch Clin Exp Ophthalmol. 2005 Dec;243(12):1206-1212.
Mousa ASG. Preliminary evaluation of nonpenetrating deep
sclerectomy with autologous scleral implant in open-angle glau-
coma. Eye (Lond). 2007 Sep;21(9):1234-1238.

Naumann GO, Rummelt V. Block excision of cystic and diffuse epi-
thelial ingrowth of the anterior chamber. Report on 32 consecutive
patients. Arch Ophthalmol. 1992 Feb;110(2):223-227.

Forster RK. Corneoscleral block excision of postoperative anterior
chamber cysts. Trans Am Ophthalmol Soc. 1995;93:83-97.
Rummelt V, Naumann GO. Blockexzision mit tektonischer Kor-
neoskleralplastik wegen zystischer und/oder diffuser Epithe-
linvasion des vorderen Augenabschnitts - Bericht iber 51 kon-
sekutive Patienten (1980-1996) [Block excision with tectonic
corneoscleroplasty for cystic and/or diffuse epithelial invasion
of the anterior eye segment. Report of 51 consecutive patients
(1980-1996)1. Klin Monbl Augenheilkd. 1997 Nov;211(5):312-323.
German.

Thorisdottir RL, Sheikh R, Blohmé J, Stigmar G, Malmsjé M. A novel
surgical technique employing donor sclera in strabismus surgery.
JAAPOS. 2018 Jun;22(3):225-227.

Thorisdottir RL, Blohmé J, Malmsjé M. Clinical evidence supporting
the use of donor sclera as spacer material in complicated cases of
strabismus surgery - retrospective evaluation of surgical results in
117 patients with thyroid-associated ophthalmopathy or congeni-
tal strabismus. Acta Ophthalmol. 2019 Feb;97(1):74-79.
Sabater-Cruz N, Figueras-Roca M, Ventosa AG, Padré-Pitarch L, Tort
J, Casaroli-Marano RP. Current clinical application of sclera and
amniotic membrane for ocular tissue bio-replacement. Cell Tissue
Bank. 2020 Dec;21(4):597-603.

AreciZl A CLAWIFERAICIZE AFTALAAAL ZAAZ~IF . InAS A



PUVODNI PRACE

ZKUSENOSTI S OPERATIVOU STRABISMU
U DETSKYCH PACIENTU S DIAGNOZOU EXCESU
DIVERGENCE

Hruba Pavla'?, Markova Alice'? Rushak Stépan’

10¢ni klinika Fakultni nemocnice Plzen
20¢ni Optimar s.r.o., Plzen

Autofi prace prohlasuji, ze vznik i téma odborného sdéleni a jeho zve-
rejnéni neni ve stietu zajmu a neni podporeno zadnou farmaceutickou
firmou. Prace nebyla zadana jinému casopisu ani jinde otisténa.

MUDr. Pavla Hruba

O¢ni klinika Fakultni nemocnice
Plzen

Do redakce doru¢eno dne: 14. 8.2023 Alej Svobody 80

Prijato k publikaci dne: 10. 2. 2024 32300 Plzen

Publikovano on-line: 10. 4. 2024 E-mail: hrubapa@fnplzen.cz

SOUHRN

Cil: Retrospektivni klinicka studie hodnoti vysledky chirurgické terapie u pacientd s diagnézou excesu divergence. Studie srovnava data pa-
cientl operovanych s prodlevou po 8. roce véku v dlsledku probihajici pandemie Covidu-19 oproti skupiné pacientd operovanych v nizsim
véku.

Material a metody: Byly sledovany objektivni tchylky a kvalita a vyvoj binokuldrnich funkci u pacientli operovanych pro exces divergence
ve sledovaci dobé Sesti mésicd po operaci. Pacienti byli rozdéleni do dvou skupin podle véku: 4-7 let a 8-13 let. Kazda skupina obsahuje 20
operovanych déti. Druhou skupinu starsich déti tvofi pacienti s odklady opera¢niho vykonu pro omezeni elektivni operativy pfi pandemii.
Operacni vykony byly realizovany na Oc¢ni klinice FN Plzen. Byly sledovény objektivni uchylky Silhani a binokuldrni funkce pfed operaci, po
provedeném operacnim vykonu, po tiech a Sesti mésicich od operace. Ziskané udaje byly nasledné statisticky zpracovany a hlavni sledované
parametry vyneseny do grafu.

Vysledky: V obou skupinach pacientl byla statisticky prokazana shoda v objektivnim Uhlu Silhani pfed opera¢nim vykonem (limit tolerance
+3). Byl hodnocen vyvoj objektivni chylky v pooperacnim obdobi ve sledovaci obé Sesti mésicu. Statisticky nebyl prokazén rozdil v medianu
objektivni pooperac¢ni uchylky mezi obéma skupinami ve sledovaném obdobi. Vystupni objektivni tchylka byla v limitu £5 stupnd u 65 %
pacientl z prvni skupiny a 75 % pacientd ze skupiny druhé.

Pred opera¢nim vykonem nebyl statisticky prokdzan rozdil ve kvalité binokuldrniho vidéni mezi skupinami pacientG. PGl roku po opera¢nim
vykonu vsak byl rozdil mezi skupinami statisticky prokdzan: pacienti z prvni skupiny, tj. operovani mezi 4.-7. rokem zivota, vykazovali vyssi
uroven binokuldrnich funkci v porovnani se skupinou druhou.

Zavér: Objektivni uchylka Silhani pred operaci i v pooperac¢nim obdobi byla u obou skupin pacientl srovnatelnd. Mladsi pacienti z prvni
skupiny dosahli v sestimési¢ni sledovaci dobé vyssi kvality binokularnich funkci ve srovnani s détmi operovanymi po osmém roce véku. Toto
tvrzeni bylo statisticky podlozZeno.

Klicova slova: exces divergence, binokuldrni vidéni, retropozice m. rectus externus, resekce m. rectus internus, covid-19

SUMMARY
EXPERIENCE WITH STRABOLOGIC SURGERY ON PEDIATRIC PATIENTS WITH
DIVERGENCE EXCESS EXOTROPIA

Aim: This retrospective clinical study evaluates the results of surgical treatment of patients diagnosed with intermittent exotropia of the
divergence excess type. The study compares the results of surgery delayed due to the Covid-19 pandemic (patients underwent the surgery
after the age of eight), versus a group of younger children.

Materials and methods: The objective angle of deviation and quality of binocular functions were examined. The follow-up period was six
months after surgery. The patients were divided into two groups according to age: 4-7 years and 8-13 years.

Each group included 20 patients. The second group comprised patients whose surgery was postponed due to restrictions on elective surgery
during the ongoing pandemic. The surgery took place at the University Hospital in Pilsen. Angle of deviation and binocular functions were
examined before surgery, postoperatively, and three and six months after surgery. Data were collected retrospectively and statistically pro-
cessed. The main values were plotted in charts.

Results: Accordance between the angle of deviation before surgery in both groups was statistically demonstrated. During the six-month fol-
low-up period, the median angle of deviation was statistically without proof of disparity between the groups. Six months after surgery, an ob-
jective angle of deviation within the limit £5 degrees was achieved in 65% of patients from the first group and in 75% from the second group.
Binocular vision before surgery was statistically without proof of difference between both groups. However the statistical processing demon-
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strated a difference between the two groups six months after the surgery. Better binocular functions were achieved by the younger children

in the first group.

Conclusion: The objective deviation angle was comparable in both study groups prior to surgery as well as six months after the surgery. The
first group of younger patients attained a higher quality of binocular functions within the six-month follow-up period compared to children

operated on after the age of eight. This claim was statistically verified.

Key words: divergence excess, intermittent exotropia, binocular vision, lateral rectus recession, medial rectus resection, Covid-19
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Probéhld pandemie Covid-19 pfedstavovala nahly
zasah do fungovani zdravotnického systému. Nyni Ize
s odstupem vyhodnocovat pozdni dopady restriktivnich
opatreni, které byly v rdmci pandemie uplathovany. Jed-
nim z opatieni bylo plosné omezeni elektivni operativy,
coz vyustilo v prodlouzeni ¢ekaci doby na operaéni vy-
kony. Na naSem pracovisti je tento dopad dobfe patrny
u détskych pacientl indikovanych ke strabologickym
vykon(m, nebot tyto operace jsou provadény vyhradné
v celkové anestezii, a kromé samotného operatéra je nut-
na téz pritomnost anesteziologa.

Na zakladé zpracovéni udaju ze zdravotnického soft-
waru naseho pracovisté vyplynulo, Ze v prvni viné covi-
dovych opatieni v roce 2020 doslo na nasem pracovisti
k Uplnému zastaveni operativy strabismu od bfezna do
poloviny kvétna. | pfes nasledné navyseni poctu vyko-
nl po skonceni restrikci doslo béhem roku 2020 k po-
klesu celkového ro¢niho poctu strabologickych vykon(
u détio 15 % oproti priméru ro¢niho poctu operaci z let
2015-2019. Béhem roku 2021 doslo k Uplnému zastave-
ni operativy v obdobi od konce ledna do konce dubna.
V tomto roce poklesl na nasem pracovisti pocet strabo-
logickych vykon( o 13 % oproti prdméru ro¢niho poctu
operaci z let 2015-2019. Pokles poctu provedenych
strabologickych operacnich vykonl se projevil v pro-
dlouzeni ¢ekaci doby na vykon a nasledkem toho byly
déti operovany ve vyssim véku, nez bylo plvodné pla-
novano. Prioritné byly operovany déti, které vyzadovaly
brzky operacni vykon.

Operace strabismu je obecné planovana do obdobi,
kdy Ize po vykonu ocekdvat kromé zlep3eni postaveni
bulbl i rozvoj binokularnich funkci. Zajimalo nas, zda
se odlozeni opera¢niho vykonu projevilo na kvalité zis-
kanych binokularnich funkci ¢i na velikosti pooperaéni
uchylky. Pro ucely tohoto srovnani jsme zvolili pacienty
s diagndzou excesu divergence, nebot u této diagndzy je
deteriorace zrakovych funkci ¢i dekompenzace uchylky
pomalejsi, nez u esotropie [1]. Tito pacienti proto neby-
li upfednostihovani v ramci poradniku a ¢ekaci doby na
operaci byly u nich nejvyraznéji prodlouzeny.

Exces divergence je jednou z forem intemitentni exo-
tropie. V zahranicni literature m{ze byt termin intermi-
tentni exotropie v SirSim slova smyslu pouzit pro popsani
jakékoliv nekonstantni exotropie. Cast&ji se v anglicky
psané literatufe pouziva vyraz intermitentni exotropie
X(T) k popisu exodeviace, kterd se projevuje do dalky, do
blizka je uchylka mensi ¢i Zadna — ve stejném vyznamu je
pouzivan téz vyraz exces divergence, periodicka exotro-

P .

pie Ci divergence pfi nepozornosti [2]. V literatufe ¢eské
je nejcastéji pouzivan termin exces divergence.

Intermitentni exotropie v SirSim slova smyslu je rozcle-
nénovana dle raznych klasifikaci. Jednou z nich je klasi-
fikace podle Buriana zalozena na klinickém nalezu. Dle
této klasifikace je exotropie rozdélena na zékladni (bazal-
ni) exotropii, exces divergence a insuficienci konvergen-
ce [3].

V pfipadé bazalni exotropie je deviace osy bulbl do
dalky i do blizka shodnd nebo mensi nez 10 prizmatic-
kych dioptrii. U excesu divergence je uchylka vétsi do
dalky nez do blizka, a to alespor o 10 prizmat. U insufi-
cience konvergence je rozdil deviace osy bulb(l vétsi nez
10 prizmatickych dioptrii, Uchylka je vétsi do blizka nez
do dalky [2,4-6].

Tato klasifikace byla dale doplnéna. Klasifikace dle
Kushnera rozdéluje exces divergence na pravy exces di-
vergence a pseudodivergencni exces. Pro rozliseni téch-
to dvou stavl je pouzivan patch test, po némz je znovu
zméren stupen uchylky do dalky a do blizka [2,7-9]. Oklu-
ze vyrazuje tonus fuzni konvergence. Déle Ize k rozliseni
obou stavu pouzit spojnych ¢ocek (+3 D), kdy je vyfazen
vliv akomodace na mérenou uchylku [8,9].

U pseudodivergenc¢niho excesu Ize pozorovat pokles
rozdilu mérené uchylky do dalky a do blizka [4]. U pravé-
ho excesu divergence nedochazi ke zméné uchylky fuz-
nim ani akomodac¢nim mechanismem, a proto je pfi po-
hledu do dalky méfena uchylka stale vétsi nez uchylka do
blizka, a to minimalné o 10 prizmatickych dioptrii [2,4,7].

Etiologie intermitentni exotropie neni zcela objasnéna,
prepoklada se postupnd dekompenzace exoforie. Nepa-
nuje shoda ani stran vyvoje intermitentni exotropie, kdy
je rliznymi autory udavané rozdilné zastoupeni pacient(
s deterioraci binokularnich funkci i pacientl stabilnich,
u kterych nebylo operacni fedeni indikovéano [2].

Uchylka miize byt pfitomna jen ob&asng, muze byt
ménlivd béhem dne, kdy odpoledne byva vice patrna,
zavisi téZ na Unavé pacienta a pfipadné stresové reakci.
[9]. Vyrazné subjektivni obtize pacienti vétsinou nemivaji.
Manifestni Uchylka se typicky projevuje pfi pohledu do
velké vzdalenosti, nesoustfedéni, nemoci, Unavé ¢i osIné-
ni [1,2,9].

Terapie excesu divergence je chirurgickd a konzerva-
tivni [6,9].

Konzervativni terapie se sestava z dispenzarizace pacien-
ta (watchful waiting), ortoptického cviceni, predpisu korek-
ce, pokud je pritomna refrakcni vada, ¢i antikorekce [11].

U pacientl s excesem divergence mize, ale nemusi byt
pfitomen vysoky pomér akomodacni konvergence k ako-
modaci (AC/A). Podkladem rozdilu uchylky do dalky a do
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blizka muize byt téz snizeni pozitivni fuzni vergence [7,8].
Casto je pomér AC/A v normé [7,10].

Vliv ortoptického cviceni pfed operac¢nim vykonem je
diskutovan, muize prinést zlepseni binokularnich funkci
jiz pred operaci u mensich uchylek. Lze pouzit téz okluzni
terapii [6,11].

Exces divergence nebyva spojen s amblyopii a ve vétsi-
né pripadl neni pfitomna dioptricka vada [2,7,9]. Pokud
vSak pfitomna je, vyzaduje predpis korekce. V pfipadé
hypermetropie neni doporucena plnd cykloplegicka
refrakce; myopie a astigmatismus maji byt korigovany
plné [9,11].

Néktefi autofi doporucuji antikorekci (negativni adi-
ci) -1,0 az -2,0 sférické dioptrie [11]. Antikorekci dochazi
ke stimulaci akomodace, nasledné je stimulovana i syn-
kineticka vergence (nebo excesivni vergence, pokud je
AC/A zvySeny). Stimulovand vergence navozend anti-
korekci pak vede ke snizovani divergentni uchylky [7].
U myopie neni antikorekce doporuc¢ovéana z diivodu rizi-
ka astenopickych obtizi [11].

V souvislosti s intermitentni povahou Silhani je obtizna
i jednoznacnd definice indikacnich kritérii opera¢niho vy-
konu. Nacasovani operace neni striktné stanoveno a fidi
se klinickym nalezem. Rozhodujicimi faktory jsou vék di-
téte v dobé vzniku strabismu, velikost Uchylky a jeji even-
tualni narlst, rodi¢i popisovana frekvence a doba trvani
pozorované divergentni tchylky béhem bdélé doby dité-
te a pripadna deteriorace binokularnich funkci [1,2,9,11]
a nedostatecny efekt konzervativni terapie.

Operace neni indikovana v nizkém véku pacienta, pres-
to je nutné ji provést v obdobi, kdy Ize ocekavat zlepseni
binokularnich funkci po operaci [4,11]. Pfi pozdnim ope-
ra¢nim zdkroku dochazi k rozvoji binokularnich funkci jiz
omezené. Obecné je operacni vykon planovan mezi 4.-7.
rok véku pacienta [12].

Pro operacni feSeni excesu divergence lIze pouzit né-
kolik operacnich postupt. Doporuceni optimalniho ope-
ra¢niho postupu u excesu divergence neni konsenzualini.

Pro velké uchylky je v literatufe doporucovan bilateral-
ni vykon s retropozici m. rectus externus (BLR - Bilateral
Lateral Rectus Recession) nebo operace na dvou svalech
jednoho oka resekce m. rectus internus a retropozice m.
rectus externus (RR - Unilateral Recess-Resect) [2,4,6,9].
Vhodnost jedné i druhé varianty je diskutovana, néktefi
autofi prosazuji spie BLR, jini RR.[2] Pro mensi uchylky je
mozné operovat jen na jednom svalu [2,4]. Tento postup
pfindsi mensi riziko pfekorigovani do konsekutivni esot-
ropie a také Setfi ostatni okohybné svaly pro dalsi pfipad-
nou operaci.

PFi operaci doporu¢ovano mirné prekorigovani uchyl-
ky [4], které obvykle do 4 tydnU od operace ustupuje.
S timto stavem muze byt spojena docasna diplopie. Po-
kud diplopie pretrvava déle, Ize ji fesit predpisem priz-
matické korekce [5]. U pacint(i s vysokym AC/A pomérem
Ize pouzit hypermetropickou ¢i bifokalni korekci [5,8,9].

Nutnost opakované operace excesu divergence je cas-
td a vzrasta s casem, ktery uplynul od primarniho vykonu
[2]. Postupem rlstu stfednich oblasti oblicejového skele-
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tu dochazi k odklonu pfedozadni osy orbit do divergent-
niho postaveni [13], coz m{zZe vyustit v narlst objektivni
uchylky.

Po opera¢nim vykonu je vhodné rozvoj binokuldrnich
funkci podpofit ortoptickym cvicenim [6,14]. Je vhodné
zaradit cviceni hybnosti svall na trenazéru motility, na-
cvik konvergentniho souhybu a cviceni Sife fuze s priz-
maty v prostoru [15].

MATERIAL A METODIKA

V retrospektivni studii byly porovnany vysledky chirur-
gické 1écby excesu divergence u 40 détskych pacientd.
Pacienti byli rozdéleni do dvou skupin podle véku: 4-7
let a 8-13 let, kazda skupina obsahuje 20 pacientd. Prvni
skupinu tvofi pacienti operovani v obvyklém vékovém
rozmezi. Druhou skupinu starsich déti tvori pacienti, ktefi
byli operovani v obdobi covidové pandemie, tj. mezi lety
2020-2022. Tito pacienti byli indikovani k operaci excesu
divergence, avsak z dlivodu odkladu opera¢nich vykon(
byli operovani s prodlevou.

VSechny operacni vykony probéhly na O¢ni klinice FN
Plzen. Sledovaci doba byla stanovena na Sest mésicli po
operacnim vykonu.

Do studie jsme zafadili pouze pacienty indikované
k operaci pro diagnézu exces divergence. Vyradili pacien-
ty, u kterych byla nekompletni dokumentace ve sledova-
nych parametrech a sledovaci dobé 6 mésicli od operace.
Dale pacienty s jinou diagn6zou nez izolovany exces di-
vergence, pacienty s ARK, s pseudoexcesem divergence.
Vyradili jsme téz pacienty s neurologickym onemocné-
nim ¢i pacienty po strabologickém vykonu v minulosti.
Zaroven jsme vyfadili pacienty starsi 13 let.

U kazdého pacienta jsme zohlednili vék v den operace.
Zjistovali jsme binokuldrni funkce pfed opera¢nim vyko-
nem, po operacnim vykonu, po tiech a po Sesti mésicich
po operaci. Sledovali jsme téz vyskyt pooperacni diplopie
a velikost uchylky pred i po operaci.

Pfi oftalmologickém vysetfeni byla zjisténa zrakova
ostrost do dalky i do blizka, byl proveden cover-uncover
test, alternujici cover test, prizmaticky test, pfi kterém byla
zmérena deviace osy bulbu do dalky a do blizka, a byla
zhodnocena motilita bulbd. Byl proveden Worth(v test
aBagoliniho test do dalky a do blizka. Dale byla vy3etiena
korespondence sitnic pomoci Hering-Bielschowky testu
[15]. Byl proveden tficetiminutovy patch test [16].

Byl vy3etien stav binokularnich funkci na synoptoforu. Byl
zjistovan uhel uchylky objektivné i subjektivné. Pro hodno-
ceni kvality binokuldrnich funkci byla pfi vysetfeni synopto-
forem zjistovana schopnost superpozice, fuze | (periferni),
faze Il (makularni), fuze lll (foveolarni) a pfipadna stereopse.
Vysetfeni byla provadéna na pfistroji Synoptophore, typ
2001 (vyrobce Haag-Streit UK, Harlow, Essex, UK).

Byla stanovena cykloplegicka refrakce a provedeno vy-
Setfeni predniho a zadniho segmentu oka.

U pacientl s diagnostikovanym excesem divergence
byla nejprve zahdjena konzervativni terapie: rodice byli
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pouceni o provedeni nacviku konvergentniho souhybu
a ortoptickém nacviku v domacim prostredi. Pacienti do-
chézeli k aktivnimu ortoptickému cvi¢eni do ortoptické
cvi¢ebny jednou tydné, pokud to bylo ze strany pacienta
mozné.

Vétsina pacientli neméla dioptrickou vadu, avsak v pfi-
padé zjisténi dioptrické vady byla tato korigovéna bryle-
mi. Hypermetropie do +2 D cykloplegické refrakce neby-
la korigovana.

Operacni vykon byl obecné planovan mezi 4.-7. rokem
Zivota a pacienti byli do operace dispenzarizovani. U ¢asti
pacientl doslo vzhledem ke covidové pandemii k odlo-
Zeni operacniho vykonu.

Operacni postup byl indikovan podle velikosti zmérené
uchylky do dalky pomoci alternujiciho zakryvaciho testu
s prizmaty. U mensich uchylek byl indikovan vykon na
jednom svalu jednoho oka, u vétsich uchylek pak vykon
na dvou okohybnych svalech (monolateréini operace na
dvou svalech ¢i bilateralni operaéni vykon na dvou oko-
hybnych svalech). Pfi nealterujicim Silhani byl opera¢ni
vykon proveden na divergujicim oku.

Po opera¢nim vykonu pacienti opét absolvovali aktiv-
ni ortoptické cviceni. Se cvi¢enim bylo zapocato ihned
po opera¢nim vykonu jesté v rdmci hospitalizace a dale
s nim bylo pokra¢ovano ambulantné. Pacienti dlouhodo-
bé dochdzeli na ortoptické cvi¢eni jedenkrat tydné.

Statisticka analyza dat byla provedena uzitim software
SAS verze 9.4 (SAS Institute Inc., Cary, NC, USA). Grafy
byly zpracovany v software STATISTICA (Data Analysis
Software System), verze 12 (StatSoft, Inc., Tulsa, OK, USA).

Pro méfené parametry byly pocitany zakladni statis-
tické udaje jako priimér, smérodatna odchylka, rozptyl,
median, mezikvartilové rozpéti, minimum, maximum.
U kategorickych proménnych byly zkoumany jejich abso-
lutni a relativni ¢etnosti. Vybrané parametry byly graficky
zpracovany do podoby krabic¢kovych grafu (Box plots),
mean plotd a histograma.

Na porovnani distribuci zkoumanych parametr(i mezi
testovanymi skupinami byly pouzity neparametrické
testy (Wilcoxon(v dvouvybérovy test a Medidnovy test).
Ekvivalence byla testovdna pomoci TOST (two one sided
test). Rozdily cetnosti byly testovany pomoci Chi-kvadrat
testu. Vyvoj zkoumanych parametrd v ¢ase byl testovan
pomoci parového Wilcoxon testu a parametrické repea-
ted ANOVY.

Statisticka vyznamnost byla stanovena na hranici al-
pha =5 %.

Grafické zpracovani vysledkd bylo provedeno s vyuzi-
tim standardizovanych graf(.

VYSLEDKY

Medidn véku pacientd ze skupiny ¢asné operovanych
byl 6,0 roku, ve skupiné starsich déti pak 10,2 roku.

Pred operaci byl ve skupiné v¢asné operovanych me-
didn objektivni uchylky méfeny na synoptoforu -11,0
stupné, dle prizmatického testu byl median uchylky do
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dalky 25 prizmat bazi nazalné. Ve druhé skupiné déti byl
medidn méfené uchylky -10,0 stupnili dle synoptoforu,
respektive 23,6 prizmatickych dioptrii bazi nazélné pfi
prizmatickém testu do dalky.

Udaje o objektivni méfené uchylce pacient(i z obou
skupin byly statisticky zpracovany. Byl proveden test
rozdilu neparametrickd ANOVA (Wilcoxon test), ktery
neprokazal rozdil mezi skupinami (p = 0,672). Déle byla
testovana hypotéza o shodé, kde se pomoci TOST (two
one sided tests) podafilo v rdmci nastaveného limitu to-
lerance £3 stupné prokazat shodu méfené uchylky mezi
testovanymi skupinami (p = 0,012). Lze prohlasit, Ze se ve
zvoleném limitu tolerance podafilo prokazat shodu v ob-
jektivnim uhlu Silhani pfed operaci u obou skupin.

Operacni vykon na jednom svalu byl indikovan u 50 %
déti ve skupiné mladsich déti. Monolaterdlni vykon na
dvou svalech pak u 40 % déti a u 10 % déti bilateralni vy-
kon.

Ve druhé skupiné déti starsich osmi let byla u 55 % déti
provedena operace na jednom svalu. U 40 % déti byl pro-
veden monolaterdlni vykon na dvou okohybnych sva-
lech, u 5 % byl proveden bilateralni vykon.

Po opera¢nim vykonu byl median objektivni uchylky
dle synoptoforu 0 stupné v prvni skupiné pacientd, je-
den pacient udaval diplopii (5 %). Ve druhé skupiné byl
median objektivni uchylky po operaci 0 stupnu a diplo-
pii udavaly 4 déti (20 % pacientl). Diplopie ustoupila do
2-3 tydn0 po operaci. U Zddného z téchto sledovanych
pacientl nebylo nutno predepsat prizmatickou korekci.

Pro statistického hodnoceni bylo provedeno zpraco-
vani udajl o objektivni uchylce méfené po operaci dle
synoptoforu. Pomoci Wilcoxon dvouvybérového testu se
nepodarilo prokazat rozdil zkoumaného parametru mezi
testovanymi skupinami (p = 0,643).

Pti vysetieni po tfech mésicich od operacniho vykonu
byl u déti v€asné operovanych median objektivni Uchyl-
ky -3,0 stupné dle synoptoforu, po Sesti mésicich pak
-4,0 stupné. U pozdnich vykonu byl median objektivni
uchylky po tfrech mésicich -2,0 stupné, po pUll roce od
operace pak -3,5 stupné. Pfi kontrolnich vysetfenich po
trech a Sesti mésicich od vykonu zadné z déti neudavalo
diplopii.

Pro statistické hodnoceni bylo provedeno zpracovani
udajl o objektivni uchylce mérené dle synoptoforu. Po-
moci Wilcoxon dvouvybéfového testu se nepodafilo pro-
kazat rozdil zkoumaného parametru mezi testovanymi
skupinami (p = 0,627 pro hodnoceni nalezu 3 mésice po
operaci a p = 0,808 pro hodnoceni nalezu sest mésicl po
operacnim vykonu). Déle byla testovdna hypotéza rozdil-
né zmény v objektivni Uchylce mérené pred operacnim
vykonem a objektivni Uchylky méfené Sest mésicli po
operaci. V ramci prvni skupiny mladsich pacient byl me-
dian zmény roven 7,5, v rdmci druhé skupiny starsich déti
byl medidn zmény roven 7,0. Pomoci Wilcoxon testu se
nepodafilo prokazat rliznou hodnotu zmény objektivni
uchylky v ¢ase mezi skupinami (p = 0,968), ani s pomoci
F testu se nepodafilo prokazat rozdilnou hodnotu rozpty-
lu (p = 0,998) mezi testovanymi skupinami.
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Lze tedy prohlasit, ze nebyl prokazan statisticky rozdil
mezi skupinami v objektivné méfenych uchylkach Silhani
ve sledovaném obdobi.

Median objektivni Uchylky byl u prvni skupiny -4,1
stupné a ve skupiné druhé pak -4,3 stupné. Pul roku po
operaci spadalo do intervalu objektivniho Uhlu Silhani +5
stupnd 65 % pacientll ze skupiny prvni a 75 % pacienttd
ze skupiny druhé.

Vyvoj objektivni uchylky v ¢ase je shrnut do Grafu 1.

Daéle jsme sledovali stav a vyvoj binokuldrnich funkci
pfi vydetfeni na synoptoforu. Pfed operaci excesu diver-
gence v prvni skupiné, tedy skupiné mladsich déti, 70%
déti pfi vysetfeni na synoptoforu nevykazovalo binoku-
larni funkce ani na Urovni superpozice. Pouze superpo-
zice byla pred operaci pfitomna u 30 % pacient(, fuzi
neuddvalo zadné dité a stereopse také nebyla pfitomna
u zadného z déti.

Ve druhé skupiné starSich déti pfi vysetfeni 55 % déti
nevykazovalo ani superpozici, pouze superpozice byla
pfitomna u 35 % déti a fuze I. stupné byla pfitomna
u 10 % déti. Vy3si binokuldrni funkce nebyly pred operaci
pfitomny.

V pooperacnim obdobi byly pro statistické zpracovani
dat a grafické zndzornéni vzaty v Uvahu vzdy nejvyssi do-
sazené binokularni funkce u daného pacienta.

PFi vySetfeni po opera¢nim vykonu v prvni skupiné
10 % pacientd nevykazovalo binokuldrni funkce ani
na urovni superpozice. Nejlepsi dosazené binokularni
funkce po opera¢nim vykonu udévalo superpozici 25 %

pacientl, 10 % fuzi I, 35 % fuzi Il, a nejvy3si binokularni
funkce pfi tomto vysetieni byla fuze Ill, kterou vykazova-
lo 20 % pacient(. Pti vysetieni po 3 mésicich od operace
vSechny déti byly schopny spojit obrazky pro superpozi-
ci, nejvyssi dosazenou binokularni funkci byla stereopse
u 5 % pacient a fuze lll, pfitomna u 25 % pacient(. Ve
vysledném hodnoceni po 6 mésicich od operace vsechny
déti mély binokuldrni funkce na Urovni alespon superpo-
zice ¢i vyssi. Jako nejlepsi binokularni funkci vykazovalo
5 % déti superpozici, 10 % fuzi |, 15 % fazi ll, 35 % fuzi lll
a 35 % pacient( dosahlo stereopse.

Ve druhé skupiné se v poopera¢nim obdobi po operaci
nepodafilo dosdhnout ani superpozice u 25 % pacientt
a po pll ro¢nim obdobi od operace spadalo do této kate-
gorie 30 % pacientl. Nejlepsi binokularni funkce po ope-
ra¢nim vykonu byla fuze |, kterou vykazovalo 20 % pacien-
ta pri prvni pooperacni kontrole. Po trech mésicich 5 %
pacientl dosahlo stereopse, ostatni pacienti byli schopni
spojit obrazky maximalné pro fuzi | ¢i byl vysledek horsi. Pri
vysledném vysetreni Sest mésicli od operace 30 % pacien-
td ze druhé skupiny starsich déti nevykazovalo ani super-
pozici, nejlepsi binokuldrni funkce byla u 55 % déti super-
pozice, u 10 % pacientt fuze | a 5 % vykazovalo stereopsi.

Vysledky statistického zpracovani dat nejlepsi dosaze-
né Urovné binokularnich funkci pfed operaci a v Sestimé-
sicnim obdobi po operaci jsou shrnuty do Grafu 2.

K porovnani vystupnich udajd o binokularnich funk-
cich byl pro statistické zpracovani pouzit medidnovy
test. Pro jeho Ucely byla pfifazena Ciselnd hodnota urov-
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Graf 1. Median objektivni méfené tchylky u pacientd pred operaci, po opera¢nim vykonu, po tfech a Sesti mé-
sich od vykonu. Porovnéni prvni skupiny déti operovanych mezi 4. a 7. rokem Zivota a skupiny déti operovanych

ve véku 8-13 let

= medidn hodnot, o 25 %-75 % hodnot, ] rozsah bez odlehlych hodnot, * odlehlé hodnoty, © extrémni hodnoty
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Graf 2. Nejvyssi dosazena kvalita binokuldrnich funkci vysetfovanych na synoptoforu pred opera¢nim vyko-
nem, po ném, 3 a 6 mésicll po operaci. Srovnani Urovné binokularity pacientll ze skupiny jedna a dva

ni binokularniho vidéni: -1 bez pfitomnosti superpozice,
0 pfitomnost superpozice, 1 pfitomnost fuze |, 2 faze Il
3 fuze lll, 4 pfitomnost stereopse. Medidnovy test statis-
ticky neprokdzal rozdil mezi skupinami v pfedopera¢nim
obdobi (p = 0,333). Pfi hodnoceni dat vysetieni po Sesti
meésicich od operacniho vykonu, byl viak statisticky pro-
kazan rozdil, kdy prvni skupina v€asné operovanych déti
vykazovala vy$si hodnoty (p = <0,001).

Na zakladé vyse uvedenych vysledk( statistickych tes-
tl se podarilo prokazat tvrzeni, Zze po Sesti mésicich od
operacniho vykonu pacienti v prvni skupiné dosahli vy3si
Urovné binokularnich funkci nez pacienti ve skupiné dru-
hé pfi srovnatelném predoperacnim stavu binokuldrnich
funkci v obou skupinach.

DISKUZE

V nasem souboru pacient(l jsou retrospektivné srovna-
véna data pacientl indikovanych k operaci pro exces di-
vergence. Pacienti IéCeni konzervativné nejsou v nasem
souboru zafazeni.

Sledovani pacienti byli dvou do skupin rozdéleny pod-
le véku, nikoliv podle velikosti objektivni tchylky pred
opera¢nim vykonem. Statistickym testem TOST s limitem
tolerance £3 byla prokazdna shoda v objektivnim uhlu
pred opera¢nim vykonem v obou skupinach déti.

Doporuceni k indikaci a na¢asovani operace excesu di-
vergence u déti nejsou striktni a zavisi na klinickém nale-
zu. Operace excesu divergence by méla byt provedena
v dobé, kdy Ize jesté ocekavat dobry nacvik binokuldrnich
funkci, Zaroven vsak neni indikovana v nizkém véku dité-
te vzhledem k pokracujicimu rdstu centralniho oblicejo-
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vého skeletu a vy$simu riziku ztraty binokuldrnich funk-
ci pfi konsekutivni esotropii [9]. Na nasem pracovisti je
obecné planovan operacni vykon mezi 4. a 7. rokem véku
pacienta a indikace se odviji od klinického nalezu.

Pacienti s excesem divergence jsou dispenzarizovani,
je-li pfitomna dioptricka vada, pak je korigovéna; u men-
Sich uchylek volime téz antikorekci. Ortopticka terapie je
indikovana k udrzeni a rozvoji binokularnich funkci. Pfi
narastu Uhlu silhani, Spatném stavu ¢i zhorseni binoku-
[arnich funkci a ¢astéjsi manifestaci béhem dne indikuje-
me operacni vykon.

Z operacnich postupt indikujeme u mensich uchylek
operacni vykon jen na jednom svalu. Tento postup po-
vazujeme za vyhodny pro Usporu ostatnich okohybnych
svalll pro pfipadny dalsi operac¢ni vykon a také kratsi
dobu operace. Limitaci vykonu je predevsim velikost ma-
nifestni uchylky [17].

U vétsich uchylek &i pfi nealterujicim strabismu byl in-
dikovan operaéni vykon na dvou svalech. U minority pa-
cientl byl primarné indikovan bilaterdlni vykon.

U pacientl s excesem divergence vzrlsta s casem nut-
nost indikace nasledné strabologické operace. Je zapfici-
néna predevsim divergentnim odklonem pfedozadnich
os orbit v prlibéhu ristu. Pfedpokladame proto mozny
naruast objektivni méfené uchylky v case.

Vysledky objektivni pooperacni tchylky po Sesti mési-
cich od operac¢niho vykonu byly v obou skupinach déti
srovnatelné. Median uchylky byl u obou skupin 0 stupri
po opera¢nim vykonu, v Sestimési¢nim sledovacim case
byla priimérna uchylka do dalky -4 stupné ve skupiné
prvni a -3,5 ve skupiné druhé. Objektivni tchylka se po-
hybovala v intervalu +5 stupnt u 65 % pacientl mladsich
a 75 % déti ze skupiny starsich déti.
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Srovnani vysledku s jinymi autory je obtizné, nebot se
velmi lisi doba sledovani pacientd po opera¢nim vyko-
nu v jednotlivych studiich, provedeny operacni vykon
i definice Uspé&sného vysledku [6]. Castéji je za Uspésnou
povazovana operace s vyslednou uchylkou do 10 priz-
matickych dioptrii, tedy 5 stuprii. V nasi praci nesrov-
navame mezi sebou vysledky jednotlivych operacnich
postupd.

V souboru je vétsi zastoupeni pacient(, u kterych byl
zvolen operacni vykon jen na jednom svalu. Tato techni-
ka je na naSem pracovisti u mensich uchylek a alternuji-
cim Silhani volena prioritné. Jednostranny vykon u men-
Sich uchylek a détskych pacientt je publikovén s dobrymi
vysledky [17,18].

Pooperacni diplopie byla ¢astéji pozorovana ve skupi-
né déti operovanych ve vyssim véku (20 % vs. 5 % u vcas-
né operovanych). U viech pacient( ze sledovaného sou-
boru diplopie ustoupila bez nutnosti prepisu prizmatické
korekce. V3eobecné je prizmatickd korekce na nasem
pracovisti pfedepisovana ke kompenzaci rusivé poope-
ra¢ni diplopie u skolnich déti, avsak u pacientd v nasem
souboru nebyla pouzita.

Po operaci povazujeme za dulezité navazat ortoptic-
kym cvi¢enim. Je pouzivan trenazér motility (pfedevsim
v pooperac¢nim obdobi), trenazér konvergence, cheiro-
skop, cviceni Sitky fuze s kontrolou Bagoliniho skel [15].
Lze pouzit téZ nacvik superpozice pomoci Remyho sepa-
ratoru jako doplnhkové cviceni.

Moznost rozvoje binokularnich funkci je zavisla na véku
pacienta. Na nasem souboru déti operovanych ve véku
4-7 let jsme pozorovali vysokou Uspésnost v dostazeni
binokuldrniho vidéni, kdy viechny déti dosahly superpo-
zice a 35 % pacientl dosahlo stereopse. U starSich déti,
které absolvovaly operaci po 8. roce zZivota, po Sesti mé-
sicich dokazalo spojit obrazky po superpozici 70 % déti,
stereopse dosahlo viak jen 5 % ze sledovaného vzorku
pacientd.

Statisticky nebyl prokazan rozdil mezi skupinami
v drovni binokularniho vidéni pfed operaci, avsak stati-
stické zpracovani dat z vy3etieni Sest mésicl po operaci
prokazalo rozdil mezi skupinami a vyssi Uroven binoku-
larniho vidéni vykazovali pacienti ze skupiny prvni.

ZAVER

V retrospektivni studii porovnavame vysledky chirur-
gické terapie excesu divergence u déti operovanych pred
avcetné 7. roku véku a déti operovanych po 8. roku veéku.

Ze zpracovani dat vyplyva, ze v predoperacnim objek-
tivné stanoveném uhlu 3ilhani byla statisticky prokdzéna
shoda. Pfi hodnoceni vyvoje v Sesti mésicich nasleduji-
cich po opera¢nim vykonu nebyl statisticky prokazan roz-
dil v medianu objektivni méfené uchylky v pooperaénim
obdobi mezi porovnavanymi skupinami pacientl. Lze
tedy tvrdit, Ze motoricky vysledek chirurgické terapie je
u obou skupin pacientl srovnatelny.

Pfi vystupnim vysetfeni po Sesti mésicich od operace
se objektivni uchylka pohybovala v intervalu £5 stupn(
u 65 % pacientl z prvni skupiny a 75 % déti z druhé sku-
piny starSich déti. Median vysledné objektivni uchylky byl
-4 ve skupiné prvni a -3,5 ve skupiné druhé.

Pfi srovnani zjisténych udajl o binokuldrnich funkcich
pacientl byl statisticky prokazan rozdil mezi skupinami,
kdy mladsi pacienti z prvni skupiny vykazovali vy3si Uro-
ven dosazenych binokularnich funkci. Predoperacni data
o binokularnich funkcich pacientd z obou skupin byla
statisticky bez prikazu rozdilu.

Obé skupiny pacientll profitovaly z opera¢niho feseni
excesu divergence stran kosmetického vysledku i zisku
binokularnich funkci nizsiho fadu. Po 3esti mésicich od
operac¢niho vykonu dosahly drovné superpozice vsech-
ny déti z prvni skupiny a 70 % pacientl operovanych po
ukon¢eném osmém roku véku.
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Adult-onset foveomacular vitelliform dystrophy (AOFVD) is a rare disease characterized by accumulation of yellowish deposits in the macula.
Rarely, it may be complicated by choroidal neovascularization (CNV). Cases with CNV may be confused with occult CNV in age-related macu-
lar degeneration. In our case, we will present the visual and anatomical results of a patient with AOVF-related CNV, in which we administered
3 doses of intravitreal ranibizumab (IVR). A 59-year-old female patient, who attended our clinic with the complaint of decreased vision in
both eyes, was diagnosed with AOVF-related CNV in both eyes and was treated with 3 doses of IVR for 3 months. Despite the improvement in
visual and anatomical functions 1 month after the first dose, vision decreased, and anatomical functions regressed to the pre-injection state

in continued injections. IVR therapy is not an appropriate treatment option in the treatment of AOVF-associated CNV.
Keywords: adult onset vitelliform dystrophy, anti-VEGF, retinal dystrophy, subretinal deposits, optic coherence tomography
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INTRODUCTION

Adult-onset foveomacular vitelliform dystrophy (AOFVD)
is a rare macular dystrophy characterized by subreti-
nal yellowish material deposition similar to Best vitelli-
form dystrophy, first described by Gass et al. in 1974 [1].
It causes visual disturbances, due to slowly progressive
macular atrophy [2]. While some cases may be asymp-
tomatic, there may be complaints of metamorphopsia,
hazy vision and scotoma in the 4th and 7th decades of
life [2]. Although there is a different genetic inheritance
in the etiology of the disease, most cases are sporadic [3].
The most important disease in the differential diagnosis
is age-related macular degeneration. AOFVD, although
rare, may be complicated by choroidal neovasculariza-
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tion (CNV). Although there is no definitive treatment,
recent studies have shown that intravitreal anti-VEGF
treatments are possibly beneficial to visual acuity and an-
atomical functions [4,5]. In our case, we will present the
visual and anatomical results of a patient with AOFVD-
-associated CNV, to whom we applied intravitreal ranibi-
zumab (IVR) for 3 months.

CASE PRESENTATION

A 59-year-old female patient attended our department
with the complaint of decreased vision in her right and
left eyes. The patient had no history of any other systemic
disease. On ophthalmological examination of the pa-
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tient, the best corrected visual acuity (BCVA) measured
with the Snellen chart was 0.7 in the right eye and 0.3 in
the left eye. Right and left slit-lamp examinations were
normal. Intraocular pressures measured by Goldman ap-
planation tonometry were 13 mmHg in the right eye and
14 mmHg in the left eye. Fundus examination of the pa-
tient with a 90-diopter lens revealed bilateral yellowish
lesions (vitelliform material) in the macula in both eyes.
With these findings, fundus fluorescein angiography
(FFA) and optical coherence tomography (OCT) were
requested for the patient. The color fundus photograph
showed yellowish deposits in the macula (Figure 1 A, B).
Increased hyperfluorescence in the early and late phases
on FFA was consistent with typical classical CNV (Figure1:
C, D, E, F). OCT imaging showed dome-shaped accumu-
lation of vitelliform material and subretinal fluid in the
macula, between the retinal pigment epithelium and the
inner segment/outer segment (IS/OS) band (Figure 2 A,
B). With the current findings, the patient was scheduled
to be treated with 3 doses of IVR (Lucentis; Genentech,
South San Francisco, California, USA) injection once
a month. IVR (0.05 ml/0.5 mg) was applied to the right
and left eyes under sterile operating room conditions.
At the patient's follow-up 1 month later, the BCVA of the
right eye was 0.8, and the BCVA of the left eye was 0.6,
and it was observed that the subretinal vitelliform ma-
terial and subretinal fluid had regressed and the central
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Figure 1. Preinjection, fundus imaging of right (A) and left (B) eye, fun-
dus fluorescein angiography early phase of right (C) and left (D) eye, late
phase of right (E) and left (F) eye

P .

macular thickness (CRT) had decreased on OCT (Figure 2
C, D). One month after the second IVR dose, there was no
change in BCVAs and OCT findings of both eyes (Figure
2 E, F). One month after the third injection, BCVAs had
decreased in both eyes, the BCVA of the right eye was
0.6 and left eye BCVA was 0.4. OCT showed an increase
in CRT and an increase in subretinal fluid (Figure 2 G, H).
It was concluded that the patient was unresponsive to
IVR treatment with her current findings, as there was no
change in BCVAs and OCT of both eyes at the follow-up
2 months later (6th Month) (Figure 21, J).

DISCUSSION

Adult-onset foveomacular vitelliform dystrophy is
macular dystrophy characterized by fragmentation and
reabsorption of subretinal yellowish vitelliform material,
with macular atrophy developing in the advanced stage
of the disease [2]. Choroidal neovascularization is a rare
complication of the disease. In our presented case, al-
though there was an increase in BCVA and a decrease in
subretinal fluid in OCT at the 1st month after IVR applied
to both eyes, due to CNV developed in a patient with
AOFVD, a decrease in BCVA and an increase in subreti-
nal fluid in OCT were observed after the 3rd injections.
On the contrary, in some case series and case reports, it
has been reported that IVR treatment increases BCVA in
AOFVD complicated with CNV [4-6]. Mimoun et al. in
their case series of AOFVD complicated by CNV, argued
that 3-dose IVR treatment was successful in stabiliz-
ing BCVA at 1 year and IVR was a reasonable treatment
option [4]. Gallego-Pinazo et al. reported that after
3 months of IVR injection they administered to 6 female
patients with AOFVD, mistakenly diagnosed with occult

Figure 2. Optical coherence tomography imaging, preinjection right
(A) and left (B) eye, postinjection 1t month right (C) and left (D) eye,
2" month right (E) and left (F) eye, 3" month right (G) and left (H) eye,
6" month right (1) and left (J) eye
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CNV due to age-related macular degeneration, there
was a significant increase in BCVA 1 month after the last
injection, compared to the pre-injection values. How-
ever, the anatomical improvement did not reflect this [5].
After short-term follow-up (3 doses of IVR) in a patient
with AOFVD, complicated with Type 3 CNV, Querques et
al. reported that IVR was effective in preventing the pro-
gression of CNV and was an important treatment option
[6]. Tissano et al. reported that the effect of intravitreal
bevacizumab (IVB) treatment on BCVA was controversial
in their case series with AOFVD-related CNV, but it pro-
vided a significant improvement in anatomical results [7].
Similarly to our presented case, Montero et al. reported
that although IVB treatment provided morphological im-
provement in a patient with CNV associated with AOFVD,

it had no effect on visual outcomes [8]. In our case, an
early good response was obtained after the first dose of
IVR in CNV associated with AOFVD, but visual and ana-
tomical functions returned to the pre-injection state with
repeated injections.

CONCLUSIONS

Although there was an increase in BCVA and a decrease
in subretinal fluid 1 month after the first IVR injection in
AOFVD-related CNV, BCVA decreased and subretinal
fluid increased in subsequent injections. Ranibizumab
treatment is not an appropriate treatment option in CNV
associated with AOFVD.
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SUHRN

Ciele: Hlavnym cielom prace je zhodnotenie anatomickych a funkcénych vysledkov operacie idiopatickej makularnej diery (IMD) pomocou
pars plana vitrektémie (PPV) s peelingom vnutornej limitujicej membrany (MLI) s vyuzitim membranovej modrej a s ndslednou tamponadou
expanznym plynom (perfluérpropanom).

Material a metédy: Do retrospektivnej analyzy bolo zaradenych 100 o¢i, celkovo 100 pacientov (61 zien a 39 muzov) s IMD, ktori v obdobi od
1.1.2021 do 1. 1. 2024 na Oc¢nej klinike SZU a UNB podstupili 25-gauge PPV s peelingom MLI a tamponadou perfluépropanom (C3F8) v zrie-
denej koncentracii 15 %. Po operacii bolo pacientom doporucené polohovat tvarou nadol po dobu aspon 1 tyzdina. Hodnotenymi paramet-
rami boli najlepsia korigovana centralna zrakova ostrost (NKCZO), minimalny linedarny diameter (MLD) na optickej koherentnej tomografii,
typ uzdveru makuldrnej diery a vyskyt komplikacii. Ziskané vysledky boli ¢iselne vyjadrené pomocou aritmetickych priemerov a zobrazené
v prehladnych grafoch.

Vysledky: K primarnemu uzaveru makularnej diery doslo u 93 pacientov (93 %). Najcastejsie sa vyskytujuci spésob uzaveru bol typ 1A. U viet-
kych pacientov doslo po operacii k zlepSeniu NKCZO, a to z priemernej hodnoty 0,101 predoperac¢ne na 0,300 rok po operdcii. V priebehu
ro¢ného sledovania doslo ku postupnému nérastu NKCZO s jej stabilizadciou po 6 mesiacoch vo vietkych skupindch pacientov (nezévisle od
velkosti makularnej diery pred operéciou). Hlavné faktory ovplyvriujice pooperac¢ni NKCZO boli predoperacné hodnoty MLD a NKCZO.
Zaver: PPV s peelingom MLI a tamponddou perfluérpropanom je efektivnou liecbou idiopatickej makularnej diery s Uspesnostou jej uzavretia
viac nez 90 %. Tento operacny postup spojeny s relativne nizkym poc¢tom komplikacii prindsa pacientom jednoznacné zlepsenie NKCZO.
Kltcové slova: makularna diera, pars plana vitrektomia, peeling MLI, perfluérpropan

SUMMARY
OUTCOMES OF 25-GAUGE PARS PLANA VITRECTOMY IN THE TREATMENT
OF IDIOPATHIC MACULAR HOLE

Aim: The main aim of this study is to evaluate the anatomical and functional results of pars plana vitrectomy (PPV) with peeling of the in-
ternal limiting membrane (ILM), membrane blue staining and subsequent expansile gas tamponade (perfluoropropane) in the treatment of
idiopathic macular hole (IMH).

Material and methods: The retrospective analysis consisted of 100 eyes of a total of 100 patients (61 women and 39 men) with IMH, operated
on at the Department of Ophthalmology of the Slovak Medical University and University Hospital Bratislava from 1 January 2021 to 1 January
2024, using 25-gauge PPV with ILM peeling and perfluoropropane tamponade (C3F8) of 15% concentration. After surgery, the patients were
required to remain in a face-down position for at least one week. Best corrected visual acuity (BCVA), minimal linear diameter (MLD) on optic
coherence tomography, macular hole closure type and occurrence of complications were evaluated. The obtained results were expressed
with the use of arithmetic averages and displayed in graphs.

Results: Primary closure of macular hole was achieved in 93 patients (93%). The most frequently occurring type of closure was TA. After sur-
gery, the BCVA of all patients improved, from an average value of 0.101 preoperatively to 0.300 one year after surgery. In all groups of patients
(regardless of the size of the macular hole before surgery), during the one-year follow-up period there was a gradual increase in BCVA with its
stabilization by 6 months. The main factors that influenced postoperative BCVA were the preoperative values of MLD and BCVA.
Conclusion: PPV with ILM peeling and perfluoropropane tamponade is an effective treatment for idiopathic macular holes with a success rate
of more than 90%. This surgical procedure, associated with a relatively low number of complications, brings patients a definite improvement
of BCVA.

Key words: macular hole, pars plana vitrectomy, ILM peeling, perfluoropropane
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Makularna diera (MD) predstavuje defekt v centre
fovey v jej plnej hrubke od vnutornej limitujucej mem-
brany (MLI) aZ po vonkajsie segmenty fotoreceptorov.
Prevalencia idiopatickych makularnych dier (IMD) dosa-
huje v populacii nad 60 rokov 0,5 %, pricom bilateralny
vyskyt bol zaznamenany u 10 % pacientov [1]. Inciden-
cia predstavuje celosvetovo 4 az 8 pripadov na 100 tisic
roCne, ¢im sa makuldrna diera stadva vyznamnou prici-
nou zrakovej morbidity [2].

Na zaklade pozorovani optickej koherentnej tomo-
grafie (OCT) bola v roku 2013 zavedena klasifikacia IVTS

Tabulka 1. Klasifikacia makularnych dier podla minimalneho linearne-
ho diametra navrhnuta studijnou skupinou,CLOSE” v roku 2023 [4]

Typ makularnej diery | Minimalny linearny diameter (MLD)

LSmall” (S) <250 um
,Medium” (M) >250a <400 um
sLarge” (L) >400a < 550 um

~X-Large” (XL)
~XX-Large” (XXL)

,Giant”

>550a <800 um
>800a <1000 pm
> 1000 pm

Obrazok 1. OCT makuly. (A) Makuldrna diera v plnej hribke s cystoidne
zmenenymi okrajmi — ndlez pred operaciou, (B) Uzatvorena makularna
diera s vytvorenou foveoldrnou depresiou — nalez 3 mesiace po pars
plana vitrektémii

1A 1B 1C
——— = =t
2A 2B 2C 2D

Obrazok 2. Schematické zndzornenie typu uzdverov makulérnych dier.
Modré linie reprezentuju vnutorné a vonkajsie plexiformné vrstvy a si-
vou farbou je zndzornena autolégna i heteroldgna vypln (pre detailny
popis typu uzaverov vid. text)

P,

(,International Vitreomacular Traction Study”), ktora

rozdeluje MD podla minimalneho linedrneho diametra

(MLD) na malé (< 250 pm), stredné (250-400 um) a velké

(> 400 pm) [3].

Studijna skupina “CLOSE” v roku 2023 vytvorila novy
klasifikacny systém, ktory zohladnuje predovietkym
chirurgické vysledky a implementuje nové operacné po-
stupy pri rieSeni takych MD, ktoré boli donedavna pova-
zované za inoperabilné (Tabulka 1). Autori tejto studie
maju za to, Ze diery typu L, XL a XXL je mozné primarne
chirurgicky riesit pomocou peelingu MLI a/alebo vytvo-
renim flapu z MLI. Alternativne operacné techniky (tzn.
perifovedlna hydrodisekcia, Step z amnionovej mem-
brény a autolégna transplantacia retiny) by mali byt vy-
hradené pre také MD, ktoré sa peelingom MLI ¢i flapom
z MLI neuzatvorili alebo ak je MLD > 800 um [4].

Aj napriek tomu, ze existuju aj nechirurgické modality
liecby MD (napriklad intravitreadlna injekcia okriplazmi-
nu), pars plana vitrektémia (PPV) ostava stale hlavnym
standardom. V roku 1971 Robert Machemer prvy krat rea-
lizoval operaciu zadného segmentu oka uzavretym systé-
mom s vyuzitim 17-gauge inStrumentaria [5] a nasledne
presla PPV mnohymi modifikaciami az do mini-invazivnej
podoby, v ktorej ju pozname dnes [6-8]. V sucasnosti sa
najcastejsie realizuje 25-gauge az 27-gauge PPV s peelin-
gom MLI, plynovou tamponadou a naslednym pooperac-
nym polohovanim pacienta v pronacnej polohe, ktoré je
délezité najma u dier s MLD > 400 um [9].

Ako operacny Uspech je hodnoteny stav, kedy doj-
de k uzatvoreniu fenestracie a vytvoreniu foveolarnej
depresie (Obrazok 1), ale taktiez stav, kedy sice neddjde
ku uzatvoreniu diery, ale oplostia sa jej okraje [10].

V zavislosti od spdsobu restitucie retindlnych vrstiev
po operdacii rozliSujeme 3 mozné typy uzaveru MD (Ob-
razok 2):

Btyp 0 — MD otvorena (0A: prilozené okraje; OB: vyvyse-
né okraje; 0C: edematozne okraje),

Btyp 1 - MD uzatvorend (1A: rekonstrukcia vsetkych
vrstiev retiny; 1B: prerusenie vo vonkajsich vrstvach;
1C: prerusenie vo vnutornych vrstvach),

Btyp 2 — MD uzatvorena autolégnou alebo heterol6g-
nou vyplhou (v pripade pouzitia flapu MLI alebo uz
spomenutych alternativnych operacnych technik),
ktora narusa normalnu anatémiu fovey (2A: vypln cez
vsetky vrstvy retiny; 2B: vypli vo vonkajsich vrstvach
a rekonstrukcia vnutornych vrstiev retiny; 2C: vypln
vo vnutornych vrstvach a rekonstrukcia vonkajsich
vrstiev retiny; 2D: vypln v tvare pismena H) [11].

MATERIAL A METODY

Do retrospektivnej studie sme zaradili 61 zien a 39
muzov (celkovo 100 o¢i) s idiopatickou MD, vo veku 48
az 81 rokov (v priemere 66 rokov), ktori boli operovani
na O¢nej klinike SZU a UNB za obdobie od 1. 1. 2021 do
1. 1. 2024. Kazdy pacient mal pred operaciou vysetreny
vnutroocny tlak, najlepsie korigovanu centralnu zrakovu
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ostrost (NKCZO) na ETDRS optotypoch a predny i zadny
segment oka na Strbinovej lampe. Vsetci pacienti boli
v Case indikacie na operdciu pseudofakicki. Podla MLD
meraného kaliperom na OCT (Heidelberg Engineering,
Germany) sme pacientov rozdelili do 4 skupin. V skupi-
ne S (MLD < 250 pum) bolo 12 o¢i (12 %), v skupine M
(MLD > 250 a < 400 um) bolo 41 oci (41 %), v skupine L
(MLD > 400 a < 550 pm) bolo 32 o¢i (32 %) a v skupine
XL (MLD > 550 a < 800 um) bolo 15 oci (15 %) (Graf 1).
Makularne diery s MLD > 800 um sa v nasom subore po-
¢as doby sledovania nevyskytovali. Pacienti, ktori mali
v anamnéze iné ochorenie sietnice (okrem epiretinalnej
membrany), glaukém, predchadzajucu vitreoretinalnu
operdciu, diabeticku retinopatiu alebo vysokd myopiu
s axialnou dizkou bulbu nad 27,0 mm, neboli do stibo-
ru zaradeni. Epiretindlna membrana bola pritomna u 21
pacientov (21 %).

Vsetci pacienti podstupili v celkovej anestézii 25-gauge
PPV na pristroji Constellation (Alcon). Po zavedeni troch
trokdrov cez oblast pars plana bola odstranend zadna
kora sklovca a realizovana kontrola periférie sietnice pod
sklerdInou indentéciou. Po ofarbeni membranovou mod-
rou bol pomocou ,endgripping” pinzety (Alcon) realizo-
vany peeling MLI, pripadne aj epiretindlnej membrany
(ak bola pritomna). Rozsah peelingu bol priblizne 2-4 PD
(papila diameter). Nasledne bola pouzitd tamponada ex-
panznym plynom C3F8 (perfluérpropan) v zriedenej kon-
centracii 15 % a po extrakcii trokdrov boli sklerotomie,
ako aj spojovka suturované vstrebatelnym stehom Vicryl
7-0. Pacientom bolo doporucené polohovat v pronacnej
polohe po dobu jedného tyzdna, s najvacsim dérazom na
dodrziavanie tejto polohy pocas prvych 24-48 hodin po
operacii.

Pacienti boli hodnoteni 1, 3, 6 a 12 mesiacov po ope-
racii. U vietkych pacientov sme hodnotili najlepsie ko-
rigovanu centrdlnu zrakovl ostrost (NKCZO) prostred-
nictvom ETDRS optotypov pred operaciou (decimalne
hodnoty) a nasledne 1, 3, 6 a 12 mesiacov po operacii.

Pooperatné uzavretie MD, tzn. anatomicku rekon-
Strukciu foveoldrnej oblasti sietnice sme posudzovali po

©S (MLD = 250 ym)

oM (MLD =250 a = 400 um)

oL (MLD =400 a = 550 pmg)
XL (MLD = 550 a < 00 ym)

Graf 1. Predoperacné zlozenie suboru pacientov s makuldrnou dierou
podla minimalneho linedrneho diametru (MLD) meraného kaliperom na

oCT
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operdcii pomocou OCT, na zaklade ¢oho boli pacienti
rozdeleni do 4 skupin podla typu uzaveru MD - skupina
1 (uzaver typu 1A), skupina 2 (uzaver typu 1B), skupina 3
(uzaver typu 1C) a skupina 4 (uzaver typu OA). Vzhladom
k tomu, Ze sme nevyuzivali flap z MLI, ani vy$sie spome-
nuté alternativne operacné techniky, uzavery typu 2 sa
v nasom subore nevyskytovali.

Ciselné hodnoty sme vyjadrili aj v percentach a pri vy-
jadrovani vysledkov sme vyuzili predovietkym aritme-
ticky priemer (s uvedenim minimalnych a maximalnych
hodnét v zatvorkach), a taktiez zobrazenie pomocou pre-
hladnych grafov.

VYSLEDKY

Priemerna sledovacia doba bola 8 mesiacov (1-24).
Priemerna velkost MD predopera¢ne dosahovala hodno-
tu 401,26 pm (188-795).

V sledovanom subore bola priemerna hodnota NKCZO
pred operaciou 0,10 (0,04-0,25). Priemernd NKCZO pred
operaciou bola vyssia u tych pacientov, ktori mali mensi
MLD (Graf 2). Prvy mesiac po operacii doslo k zlep3eniu prie-
mernej NKCZO na 0,15 (0,05-0,63), nasledne treti mesiac na
0,19 (0,06-0,63), Siesty mesiac na 0,24 (0,08-0,63) a po roku
od operacie na priemernu hodnotu 0,30 (0,08-0,63). Po jed-
nom roku od operacie ostala zrakova ostrost rovnakd u 3 pa-
cientov (3 %) a vo vsetkych ostatnych pripadoch nastalo jej
zlepSenie. U 86 % pacientov sa po roku zrakova ostrost zlep-
Sila 0 3 a viac riadkov na ETDRS optotype. Na Grafe 3 moze-
me pozorovat, ze po operacii doslo ku linedrnemu zlepseniu
NKCZO v ¢ase, a to vo vietkych skupinach pacientov, neza-
visle od velkosti makularnej diery pred operaciou.

V ¢ase 1 mesiac od operacie sme dosiahli u 93 oci (93 %)
uzatvorenie MD niektorym z uzdverov typu 1. Typ 1A sa
vyskytoval az u 73 oci (73 %), typ 1Bu 14 oci (14 %) a typ 1C
u 6 oci (6 %). U 7 pacientov (7 %) ostala MD otvoren, ale
s prilozenymi okrajmi typu OA, pricom vo vsetkych pripa-
dov sa jednalo o makularne diery typu XL. Uspe$nost uza-
veru pridierach typu S, M a L bola 100 % a pri dierach typu
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Graf 2. Bodovy graf zobrazujuci korelaciu medzi velkostou makularnej
diery pred operéaciou a hodnotou NKCZO

MLD - minimdlny linedrny diameter v um, NKCZO - najlepsie korigovand
centrdlna zrakovd ostrost
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Graf 3. Ciarovy graf, ktory znézorfiuje priemerni NKCZO pred opera-
ciou a jej postupne narastajuce zlepsenie v case 1, 3, 6, 12 mesiacov po
operacii

NKCZO - najlepsie korigovand centrdlna zrakovd ostrost

XL 46,7 %. Pri porovnani jednotlivych skupin pacientov na
zaklade typu uzadveru sme pozorovali, Ze najvyssie hodno-
ty NKCZO dosiahli pacienti, u ktorych vznikla rekonstrukcia
foveolarnej oblasti uzaverom typu 1A (Graf 4).

Vyskyt komplikacii bol relativne nizky. U 26 pacientov
(26 %) sme pri kontrole periférnej sietnice detekova-
li trhliny ¢&i degeneracie sietnice, ktoré boli vo vietkych
pripadoch osetrené endolaserkoagulaciou s doplnenim
laserovej baraze cirkuldrne. Vzostup vnutroocného tla-
ku po operacii bol zaznamenany u 10 pacientov (10 %)
a zvladnuty podavanim lokalnej antiglaukdbmovej tera-
pie. U 7 pacientov (7 %) doslo tesne po operacii ku roz-
voju disperzie erytrocytov do sklovcového priestoru so
spontannym uUstupom maximalne do 3 dni od operacie.
Vsetky uvedené komplikacie, ktoré sa v naSom subore vy-
skytovali neboli zdvazné a boli dobre zvladnutelné.

DISKUSIA

Koldr a Vlkova publikovali v roku 2006 subor 28 pacien-
tov po PPV s peelingom MLI a plynovou tampondadou pre
IMD. V tom ¢ase dosiahli Uplny uzaver IMD u 87 % pacien-
tov, pricom u 77 % oci doslo ku zlep3eniu NKCZO o viac
nez 1 riadok na ETDRS optotype a u vietkych pacientov
vymizli obtazujuce metamorfopsie MLI [14].

Nasledne v roku 2011 priniesol Hejsek a kol. ro¢né ana-
tomické a funkéné vysledky operacie makulérnej diery
s vyuzitim 20-gauge PPV s peelingom MLI. V subore 32
oc¢i zaznamenali primarny uzaver IMD u 90 % oci a v troch
pripadoch sa IMD neuzavrela. Vstupna NKCZO sa pohy-
bovala od 0,1 az 0,5 a po jednom roku sledovania sa zlep-
Sila 0 2 a viac riadkov u 84 % o¢i, o 3 a viac riadkov u 56 %
oci a 04 aviac riadkov u 16 % oci [15].

Tieto zistenia dokazuju, ze so zlepsenim diagnosti-
ky a operacnej techniky doslo aj ku zvyseniu percenta
uspesnosti PPV. Uvedené vysledky v3ak nie je mozné
spolahlivo porovnat s nasim siborom vzhladom k tomu,
Ze sme vyuzivali metédu 25-gauge PPV.
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Graf 4. Krabicovy graf znazornujici hodnotu NKCZO v zavislosti od
typu uzdveru makuldrnej diery v ¢ase 1 mesiac a 3 mesiace po operdcii
MLD - minimdlny linedrny diameter v um, NKCZO - najlepsie korigovand
centrdlna zrakovd ostrost

Porovnatelné data obsahuje retrospektivna analyza
Veitha a kol., do ktorej bolo v roku 2015 zaradenych 53
oci po 25-gauge PPV s peelingom MLI a plynovou tampo-
nadou pre IMD. Anatomicka Uspesnost bola dosiahnuta
u 92,5 % a NKCZO sa zlepsila u 94,3 % pacientov, pricom
u 79,2 % o 3 aviacriadkov na ETDRS optotype [16], ¢o ko-
reluje s vysledkami v naSom subore. Je vSak nevyhnutné
zdoraznit, Ze sa jednd o subor pacientov mensi takmer
o polovicu a s rozvojom vitreoretinalnej chirurgie sa ana-
tomické a funkéné Uspechy tejto operacie este zvysili.

Data Studijnej skupiny ,CLOSE” uvadzaju takmer 100 %
mieru Uspesnosti PPV pri pouziti peelingu MLI a/ale-
bo vytvorenim flapu z MLI pri dierach typu S a M, pricom
pri dierach typu L je Uspesnost redukovana na 97 %, pri
dierach typu XL na 86 % a pri dierach typu XXL na 80 %
[4]. V nasom subore bola celkova Uspesnost primarneho
uzaveru makularnej diery 93 %, pricom u dier s predope-
ra¢nym MLD < 550 pm sme dosiahli 100% mieru Uspes-
nosti, ¢im su vysledky nasho pozorovania porovnatelné
s najnovsimi zahrani¢nymi zdrojmi.

Uspednost operacie pri dierach typu XL bola v naom su-
bore iba 46,7 %, a tak sa naskytuje otazka, ¢i by u takychto
dier nebolo lepsie zvolit techniku flapu z MLI ako metédu
prvej volby. Autori studijnej skupiny ,CLOSE” v roku 2023
sice preukdzali, Ze pri pouziti flapu z MLI u dier typu L, XL
a XXL je vyssia uspesnost uzaveru, ale zisky NKCZO su niz-
Sie v porovnani so ziskami NKCZO pri samotnom peelin-
gu MLI [4, 11]. NizSie zisky NKCZO pravdepodobne suvisia
s tym, Ze manipuldcia s flapom z MLI predstavuje vyssie
riziko mechanického poskodenia RPE, samotny flap moze
viest ku nadmernej gliéznej reakcii a hyperproliferacii Miil-
lerovych buniek, ktorad nasledne brani adekvatnej rekon-
Strukcii vnutornych vrstiev retiny [17]. Rosi a jeho kolektiv
v roku 2020 opisali, Ze rekonstrukciou vonkajsich vrstiev sa
dosahuju vyssie hodnoty NKCZO po operacii v porovnani
s pacientami s rekonstrukciou vnutornych vrstiev retiny
[11]. Vzhladom na tieto poznatky, sme sa rozhodli vyuzit
ako primarnu metddu u vietkych typov makuldrnych dier
PPV s peelingom MLI. Cielom nasho pozorovania bolo
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zhodnotit vysledky pacientov po PPV s peelingom MLI,
preto nie sme opravneni hodnotit jednotlivé chirurgic-
ké metddy, ich vysledky, zisky zrakovej ostrosti a/alebo
porovnavat ich medzi sebou. V buducnosti su vsak jed-
noznacne potrebné dalsie studie na porovnanie chirurgic-
kych metéd, ktoré operatérom ulahdia vyber tej spravnej
metddy, predovietkym s ohladom na dosiahnutie ¢o naj-
lepsej restitucie fovey, a tym padom ¢o najvyssieho zisku
zrakovej ostrosti po operacii.

V sucasnosti je PPV s peelingom MLI tak minimalne
invazivnou procedurou, ze poskytuje rekonvalescen-
ciu a navrat zrakovych funkcii za relativne kratky cas
od operacie. V naSom pozorovani sme popisali, ze NK-
CZO sa linearne zlepsila pocas prvych 12 mesiacov od
operacie, pricom tento narast bol nezavisly od velkosti
MD pred operaciou. Tento fakt je vysvetlovany tym, ze
rekonstrukcia foveoldrnych vrstiev a obnova kontinuity
zony elipsoidov nastdva postupne a pomaly [12]. Ku sta-
bilizacii zrakovej ostrosti dochadza vaésinou priblizne 6
mesiacov po operacii [13], ¢o je takisto v sulade s nasimi
pozorovaniami.

V literature su popisané viaceré prognostické faktory,
ktoré ovplyviuju vyslednu zrakovu ostrost po operacii
makularnej diery [1]. Statisticky vyznamné su predoviet-
kym NKCZO a velkost makuldrnej diery pred operaciou
[13]. Kariovsky a kol. v roku 2009 analyzovali prognostic-
ké faktory u 91 pacientov, ktori podstupili PPV s peelin-
gom MLI pre IMD, pri¢com preukazali Statisticky vyznam-
ny vztah medzi dizkou trvania priznakov a vyslednou
pooperacnou zrakovou ostrostou. U pacientov s kratSou
anamnézou mbzeme teda ocakavat vyraznejsie zlepse-
nie zrakovej ostrosti po operacii [18]. Aj napriek tomu, ze
sme v nasom subore nehodnotili dizku anamnézy, nase

vysledky potvrdili, ze pacienti s lepSou zrakovou ostros-
tou a mensim MLD pred operaciou, dosiahli vyssie zisky
NKCZO po operacii.

Uz spominané alternativne operacné techniky priniesli
so sebou aj nové spdsoby anatomickej rekonstrukcie fo-
veolarnej oblasti, ¢im vznikla potreba preklasifikovat typy
uzdverov makuldrnych dier. Vysledky préce Rossi a kol.
preukazali, ze NKCZO po operacii je v korelacii so spdso-
bom uzaveru, pricom lepsie vysledky dosahuju pacienti
s uzdvermi typu 1 alebo 2 [11]. Tieto zistenia sa zhoduju
aj s pozorovaniami u nasich pacientov.

ZAVER

Mébzeme konstatovat, Ze po realizovanej PPV doslo
u 93 % pacientov ku primarnemu uzatvoreniu makularnej
diery, ¢im tychto pacientov povazujeme za vylie¢enych.
U velkého mnozstva z nich doslo k relativne rychlemu na-
vratu zrakovych funkcii a vymiznutiu neprijemnych me-
tamorfopsii. Dolezité je mysliet na to, Ze chirurgické ciele
sa menia a uzaver makuldrnej diery uz nie je jedinym cie-
[om operacie makuldrnej diery. Do popredia sa v sucas-
nosti dostdva obnova integrity vonkajsich vrstiev fovey,
teda vonkajsej limitujucej membrany a zény elipsoidov.
PPV je rokmi overena chirurgicka technika, ktora si presla
mnohymi modifikaciami do dnednej 25-gauge az 27-gau-
ge podoby. Nade vysledky preukazali, ze 25-gauge PPV
s peelingom MLI a plynovou tamponadou je efektivnou
liecbou idiopatickej MD, s Uspesnostou jej uzavretia viac
nez 90%. V sucasnosti uz predstavuje rutinnu operaciu,
z ktorej profituju pacienti s makularnymi dierami rozli¢-
nych velkosti.
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SUHRN

Ciele: Hlavnym cielom prace je zhodnotenie anatomickych a funkcénych vysledkov operacie idiopatickej makularnej diery (IMD) pomocou
pars plana vitrektémie (PPV) s peelingom vnutornej limitujicej membrany (MLI) s vyuzitim membranovej modrej a s ndslednou tamponadou
expanznym plynom (perfluérpropanom).

Material a metédy: Do retrospektivnej analyzy bolo zaradenych 100 o¢i, celkovo 100 pacientov (61 zien a 39 muzov) s IMD, ktori v obdobi od
1.1.2021 do 1. 1. 2024 na Oc¢nej klinike SZU a UNB podstupili 25-gauge PPV s peelingom MLI a tamponadou perfluépropanom (C3F8) v zrie-
denej koncentracii 15 %. Po operacii bolo pacientom doporucené polohovat tvarou nadol po dobu aspon 1 tyzdina. Hodnotenymi paramet-
rami boli najlepsia korigovana centralna zrakova ostrost (NKCZO), minimalny linedarny diameter (MLD) na optickej koherentnej tomografii,
typ uzdveru makuldrnej diery a vyskyt komplikacii. Ziskané vysledky boli ¢iselne vyjadrené pomocou aritmetickych priemerov a zobrazené
v prehladnych grafoch.

Vysledky: K primarnemu uzaveru makularnej diery doslo u 93 pacientov (93 %). Najcastejsie sa vyskytujuci spésob uzaveru bol typ 1A. U viet-
kych pacientov doslo po operacii k zlepSeniu NKCZO, a to z priemernej hodnoty 0,101 predoperac¢ne na 0,300 rok po operdcii. V priebehu
ro¢ného sledovania doslo ku postupnému nérastu NKCZO s jej stabilizadciou po 6 mesiacoch vo vietkych skupindch pacientov (nezévisle od
velkosti makularnej diery pred operéciou). Hlavné faktory ovplyvriujice pooperac¢ni NKCZO boli predoperacné hodnoty MLD a NKCZO.
Zaver: PPV s peelingom MLI a tamponddou perfluérpropanom je efektivnou liecbou idiopatickej makularnej diery s Uspesnostou jej uzavretia
viac nez 90 %. Tento operacny postup spojeny s relativne nizkym poc¢tom komplikacii prindsa pacientom jednoznacné zlepsenie NKCZO.
Kltcové slova: makularna diera, pars plana vitrektomia, peeling MLI, perfluérpropan

SUMMARY
OUTCOMES OF 25-GAUGE PARS PLANA VITRECTOMY IN THE TREATMENT
OF IDIOPATHIC MACULAR HOLE

Aim: The main aim of this study is to evaluate the anatomical and functional results of pars plana vitrectomy (PPV) with peeling of the in-
ternal limiting membrane (ILM), membrane blue staining and subsequent expansile gas tamponade (perfluoropropane) in the treatment of
idiopathic macular hole (IMH).

Material and methods: The retrospective analysis consisted of 100 eyes of a total of 100 patients (61 women and 39 men) with IMH, operated
on at the Department of Ophthalmology of the Slovak Medical University and University Hospital Bratislava from 1 January 2021 to 1 January
2024, using 25-gauge PPV with ILM peeling and perfluoropropane tamponade (C3F8) of 15% concentration. After surgery, the patients were
required to remain in a face-down position for at least one week. Best corrected visual acuity (BCVA), minimal linear diameter (MLD) on optic
coherence tomography, macular hole closure type and occurrence of complications were evaluated. The obtained results were expressed
with the use of arithmetic averages and displayed in graphs.

Results: Primary closure of macular hole was achieved in 93 patients (93%). The most frequently occurring type of closure was TA. After sur-
gery, the BCVA of all patients improved, from an average value of 0.101 preoperatively to 0.300 one year after surgery. In all groups of patients
(regardless of the size of the macular hole before surgery), during the one-year follow-up period there was a gradual increase in BCVA with its
stabilization by 6 months. The main factors that influenced postoperative BCVA were the preoperative values of MLD and BCVA.
Conclusion: PPV with ILM peeling and perfluoropropane tamponade is an effective treatment for idiopathic macular holes with a success rate
of more than 90%. This surgical procedure, associated with a relatively low number of complications, brings patients a definite improvement
of BCVA.

Key words: macular hole, pars plana vitrectomy, ILM peeling, perfluoropropane
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Makularna diera (MD) predstavuje defekt v centre
fovey v jej plnej hrubke od vnutornej limitujucej mem-
brany (MLI) aZ po vonkajsie segmenty fotoreceptorov.
Prevalencia idiopatickych makularnych dier (IMD) dosa-
huje v populacii nad 60 rokov 0,5 %, pricom bilateralny
vyskyt bol zaznamenany u 10 % pacientov [1]. Inciden-
cia predstavuje celosvetovo 4 az 8 pripadov na 100 tisic
roCne, ¢im sa makuldrna diera stadva vyznamnou prici-
nou zrakovej morbidity [2].

Na zaklade pozorovani optickej koherentnej tomo-
grafie (OCT) bola v roku 2013 zavedena klasifikacia IVTS

Tabulka 1. Klasifikacia makularnych dier podla minimalneho linearne-
ho diametra navrhnuta studijnou skupinou,CLOSE” v roku 2023 [4]

Typ makularnej diery | Minimalny linearny diameter (MLD)

LSmall” (S) <250 um
,Medium” (M) >250a <400 um
sLarge” (L) >400a < 550 um

~X-Large” (XL)
~XX-Large” (XXL)

,Giant”

>550a <800 um
>800a <1000 pm
> 1000 pm

Obrazok 1. OCT makuly. (A) Makuldrna diera v plnej hribke s cystoidne
zmenenymi okrajmi — ndlez pred operaciou, (B) Uzatvorena makularna
diera s vytvorenou foveoldrnou depresiou — nalez 3 mesiace po pars
plana vitrektémii

1A 1B 1C
——— = =t
2A 2B 2C 2D

Obrazok 2. Schematické zndzornenie typu uzdverov makulérnych dier.
Modré linie reprezentuju vnutorné a vonkajsie plexiformné vrstvy a si-
vou farbou je zndzornena autolégna i heteroldgna vypln (pre detailny
popis typu uzaverov vid. text)

P,

(,International Vitreomacular Traction Study”), ktora

rozdeluje MD podla minimalneho linedrneho diametra

(MLD) na malé (< 250 pm), stredné (250-400 um) a velké

(> 400 pm) [3].

Studijna skupina “CLOSE” v roku 2023 vytvorila novy
klasifikacny systém, ktory zohladnuje predovietkym
chirurgické vysledky a implementuje nové operacné po-
stupy pri rieSeni takych MD, ktoré boli donedavna pova-
zované za inoperabilné (Tabulka 1). Autori tejto studie
maju za to, Ze diery typu L, XL a XXL je mozné primarne
chirurgicky riesit pomocou peelingu MLI a/alebo vytvo-
renim flapu z MLI. Alternativne operacné techniky (tzn.
perifovedlna hydrodisekcia, Step z amnionovej mem-
brény a autolégna transplantacia retiny) by mali byt vy-
hradené pre také MD, ktoré sa peelingom MLI ¢i flapom
z MLI neuzatvorili alebo ak je MLD > 800 um [4].

Aj napriek tomu, ze existuju aj nechirurgické modality
liecby MD (napriklad intravitreadlna injekcia okriplazmi-
nu), pars plana vitrektémia (PPV) ostava stale hlavnym
standardom. V roku 1971 Robert Machemer prvy krat rea-
lizoval operaciu zadného segmentu oka uzavretym systé-
mom s vyuzitim 17-gauge inStrumentaria [5] a nasledne
presla PPV mnohymi modifikaciami az do mini-invazivnej
podoby, v ktorej ju pozname dnes [6-8]. V sucasnosti sa
najcastejsie realizuje 25-gauge az 27-gauge PPV s peelin-
gom MLI, plynovou tamponadou a naslednym pooperac-
nym polohovanim pacienta v pronacnej polohe, ktoré je
délezité najma u dier s MLD > 400 um [9].

Ako operacny Uspech je hodnoteny stav, kedy doj-
de k uzatvoreniu fenestracie a vytvoreniu foveolarnej
depresie (Obrazok 1), ale taktiez stav, kedy sice neddjde
ku uzatvoreniu diery, ale oplostia sa jej okraje [10].

V zavislosti od spdsobu restitucie retindlnych vrstiev
po operdacii rozliSujeme 3 mozné typy uzaveru MD (Ob-
razok 2):

Btyp 0 — MD otvorena (0A: prilozené okraje; OB: vyvyse-
né okraje; 0C: edematozne okraje),

Btyp 1 - MD uzatvorend (1A: rekonstrukcia vsetkych
vrstiev retiny; 1B: prerusenie vo vonkajsich vrstvach;
1C: prerusenie vo vnutornych vrstvach),

Btyp 2 — MD uzatvorena autolégnou alebo heterol6g-
nou vyplhou (v pripade pouzitia flapu MLI alebo uz
spomenutych alternativnych operacnych technik),
ktora narusa normalnu anatémiu fovey (2A: vypln cez
vsetky vrstvy retiny; 2B: vypli vo vonkajsich vrstvach
a rekonstrukcia vnutornych vrstiev retiny; 2C: vypln
vo vnutornych vrstvach a rekonstrukcia vonkajsich
vrstiev retiny; 2D: vypln v tvare pismena H) [11].

MATERIAL A METODY

Do retrospektivnej studie sme zaradili 61 zien a 39
muzov (celkovo 100 o¢i) s idiopatickou MD, vo veku 48
az 81 rokov (v priemere 66 rokov), ktori boli operovani
na O¢nej klinike SZU a UNB za obdobie od 1. 1. 2021 do
1. 1. 2024. Kazdy pacient mal pred operaciou vysetreny
vnutroocny tlak, najlepsie korigovanu centralnu zrakovu
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ostrost (NKCZO) na ETDRS optotypoch a predny i zadny
segment oka na Strbinovej lampe. Vsetci pacienti boli
v Case indikacie na operdciu pseudofakicki. Podla MLD
meraného kaliperom na OCT (Heidelberg Engineering,
Germany) sme pacientov rozdelili do 4 skupin. V skupi-
ne S (MLD < 250 pum) bolo 12 o¢i (12 %), v skupine M
(MLD > 250 a < 400 um) bolo 41 oci (41 %), v skupine L
(MLD > 400 a < 550 pm) bolo 32 o¢i (32 %) a v skupine
XL (MLD > 550 a < 800 um) bolo 15 oci (15 %) (Graf 1).
Makularne diery s MLD > 800 um sa v nasom subore po-
¢as doby sledovania nevyskytovali. Pacienti, ktori mali
v anamnéze iné ochorenie sietnice (okrem epiretinalnej
membrany), glaukém, predchadzajucu vitreoretinalnu
operdciu, diabeticku retinopatiu alebo vysokd myopiu
s axialnou dizkou bulbu nad 27,0 mm, neboli do stibo-
ru zaradeni. Epiretindlna membrana bola pritomna u 21
pacientov (21 %).

Vsetci pacienti podstupili v celkovej anestézii 25-gauge
PPV na pristroji Constellation (Alcon). Po zavedeni troch
trokdrov cez oblast pars plana bola odstranend zadna
kora sklovca a realizovana kontrola periférie sietnice pod
sklerdInou indentéciou. Po ofarbeni membranovou mod-
rou bol pomocou ,endgripping” pinzety (Alcon) realizo-
vany peeling MLI, pripadne aj epiretindlnej membrany
(ak bola pritomna). Rozsah peelingu bol priblizne 2-4 PD
(papila diameter). Nasledne bola pouzitd tamponada ex-
panznym plynom C3F8 (perfluérpropan) v zriedenej kon-
centracii 15 % a po extrakcii trokdrov boli sklerotomie,
ako aj spojovka suturované vstrebatelnym stehom Vicryl
7-0. Pacientom bolo doporucené polohovat v pronacnej
polohe po dobu jedného tyzdna, s najvacsim dérazom na
dodrziavanie tejto polohy pocas prvych 24-48 hodin po
operacii.

Pacienti boli hodnoteni 1, 3, 6 a 12 mesiacov po ope-
racii. U vietkych pacientov sme hodnotili najlepsie ko-
rigovanu centrdlnu zrakovl ostrost (NKCZO) prostred-
nictvom ETDRS optotypov pred operaciou (decimalne
hodnoty) a nasledne 1, 3, 6 a 12 mesiacov po operacii.

Pooperatné uzavretie MD, tzn. anatomicku rekon-
Strukciu foveoldrnej oblasti sietnice sme posudzovali po

©S (MLD = 250 ym)

oM (MLD =250 a = 400 um)

oL (MLD =400 a = 550 pmg)
XL (MLD = 550 a < 00 ym)

Graf 1. Predoperacné zlozenie suboru pacientov s makuldrnou dierou
podla minimalneho linedrneho diametru (MLD) meraného kaliperom na

oCT
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operdcii pomocou OCT, na zaklade ¢oho boli pacienti
rozdeleni do 4 skupin podla typu uzaveru MD - skupina
1 (uzaver typu 1A), skupina 2 (uzaver typu 1B), skupina 3
(uzaver typu 1C) a skupina 4 (uzaver typu OA). Vzhladom
k tomu, Ze sme nevyuzivali flap z MLI, ani vy$sie spome-
nuté alternativne operacné techniky, uzavery typu 2 sa
v nasom subore nevyskytovali.

Ciselné hodnoty sme vyjadrili aj v percentach a pri vy-
jadrovani vysledkov sme vyuzili predovietkym aritme-
ticky priemer (s uvedenim minimalnych a maximalnych
hodnét v zatvorkach), a taktiez zobrazenie pomocou pre-
hladnych grafov.

VYSLEDKY

Priemerna sledovacia doba bola 8 mesiacov (1-24).
Priemerna velkost MD predopera¢ne dosahovala hodno-
tu 401,26 pm (188-795).

V sledovanom subore bola priemerna hodnota NKCZO
pred operaciou 0,10 (0,04-0,25). Priemernd NKCZO pred
operaciou bola vyssia u tych pacientov, ktori mali mensi
MLD (Graf 2). Prvy mesiac po operacii doslo k zlep3eniu prie-
mernej NKCZO na 0,15 (0,05-0,63), nasledne treti mesiac na
0,19 (0,06-0,63), Siesty mesiac na 0,24 (0,08-0,63) a po roku
od operacie na priemernu hodnotu 0,30 (0,08-0,63). Po jed-
nom roku od operacie ostala zrakova ostrost rovnakd u 3 pa-
cientov (3 %) a vo vsetkych ostatnych pripadoch nastalo jej
zlepSenie. U 86 % pacientov sa po roku zrakova ostrost zlep-
Sila 0 3 a viac riadkov na ETDRS optotype. Na Grafe 3 moze-
me pozorovat, ze po operacii doslo ku linedrnemu zlepseniu
NKCZO v ¢ase, a to vo vietkych skupinach pacientov, neza-
visle od velkosti makularnej diery pred operaciou.

V ¢ase 1 mesiac od operacie sme dosiahli u 93 oci (93 %)
uzatvorenie MD niektorym z uzdverov typu 1. Typ 1A sa
vyskytoval az u 73 oci (73 %), typ 1Bu 14 oci (14 %) a typ 1C
u 6 oci (6 %). U 7 pacientov (7 %) ostala MD otvoren, ale
s prilozenymi okrajmi typu OA, pricom vo vsetkych pripa-
dov sa jednalo o makularne diery typu XL. Uspe$nost uza-
veru pridierach typu S, M a L bola 100 % a pri dierach typu
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Graf 2. Bodovy graf zobrazujuci korelaciu medzi velkostou makularnej
diery pred operéaciou a hodnotou NKCZO

MLD - minimdlny linedrny diameter v um, NKCZO - najlepsie korigovand
centrdlna zrakovd ostrost
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Graf 3. Ciarovy graf, ktory znézorfiuje priemerni NKCZO pred opera-
ciou a jej postupne narastajuce zlepsenie v case 1, 3, 6, 12 mesiacov po
operacii

NKCZO - najlepsie korigovand centrdlna zrakovd ostrost

XL 46,7 %. Pri porovnani jednotlivych skupin pacientov na
zaklade typu uzadveru sme pozorovali, Ze najvyssie hodno-
ty NKCZO dosiahli pacienti, u ktorych vznikla rekonstrukcia
foveolarnej oblasti uzaverom typu 1A (Graf 4).

Vyskyt komplikacii bol relativne nizky. U 26 pacientov
(26 %) sme pri kontrole periférnej sietnice detekova-
li trhliny ¢&i degeneracie sietnice, ktoré boli vo vietkych
pripadoch osetrené endolaserkoagulaciou s doplnenim
laserovej baraze cirkuldrne. Vzostup vnutroocného tla-
ku po operacii bol zaznamenany u 10 pacientov (10 %)
a zvladnuty podavanim lokalnej antiglaukdbmovej tera-
pie. U 7 pacientov (7 %) doslo tesne po operacii ku roz-
voju disperzie erytrocytov do sklovcového priestoru so
spontannym uUstupom maximalne do 3 dni od operacie.
Vsetky uvedené komplikacie, ktoré sa v naSom subore vy-
skytovali neboli zdvazné a boli dobre zvladnutelné.

DISKUSIA

Koldr a Vlkova publikovali v roku 2006 subor 28 pacien-
tov po PPV s peelingom MLI a plynovou tampondadou pre
IMD. V tom ¢ase dosiahli Uplny uzaver IMD u 87 % pacien-
tov, pricom u 77 % oci doslo ku zlep3eniu NKCZO o viac
nez 1 riadok na ETDRS optotype a u vietkych pacientov
vymizli obtazujuce metamorfopsie MLI [14].

Nasledne v roku 2011 priniesol Hejsek a kol. ro¢né ana-
tomické a funkéné vysledky operacie makulérnej diery
s vyuzitim 20-gauge PPV s peelingom MLI. V subore 32
oc¢i zaznamenali primarny uzaver IMD u 90 % oci a v troch
pripadoch sa IMD neuzavrela. Vstupna NKCZO sa pohy-
bovala od 0,1 az 0,5 a po jednom roku sledovania sa zlep-
Sila 0 2 a viac riadkov u 84 % o¢i, o 3 a viac riadkov u 56 %
oci a 04 aviac riadkov u 16 % oci [15].

Tieto zistenia dokazuju, ze so zlepsenim diagnosti-
ky a operacnej techniky doslo aj ku zvyseniu percenta
uspesnosti PPV. Uvedené vysledky v3ak nie je mozné
spolahlivo porovnat s nasim siborom vzhladom k tomu,
Ze sme vyuzivali metédu 25-gauge PPV.
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Graf 4. Krabicovy graf znazornujici hodnotu NKCZO v zavislosti od
typu uzdveru makuldrnej diery v ¢ase 1 mesiac a 3 mesiace po operdcii
MLD - minimdlny linedrny diameter v um, NKCZO - najlepsie korigovand
centrdlna zrakovd ostrost

Porovnatelné data obsahuje retrospektivna analyza
Veitha a kol., do ktorej bolo v roku 2015 zaradenych 53
oci po 25-gauge PPV s peelingom MLI a plynovou tampo-
nadou pre IMD. Anatomicka Uspesnost bola dosiahnuta
u 92,5 % a NKCZO sa zlepsila u 94,3 % pacientov, pricom
u 79,2 % o 3 aviacriadkov na ETDRS optotype [16], ¢o ko-
reluje s vysledkami v naSom subore. Je vSak nevyhnutné
zdoraznit, Ze sa jednd o subor pacientov mensi takmer
o polovicu a s rozvojom vitreoretinalnej chirurgie sa ana-
tomické a funkéné Uspechy tejto operacie este zvysili.

Data Studijnej skupiny ,CLOSE” uvadzaju takmer 100 %
mieru Uspesnosti PPV pri pouziti peelingu MLI a/ale-
bo vytvorenim flapu z MLI pri dierach typu S a M, pricom
pri dierach typu L je Uspesnost redukovana na 97 %, pri
dierach typu XL na 86 % a pri dierach typu XXL na 80 %
[4]. V nasom subore bola celkova Uspesnost primarneho
uzaveru makularnej diery 93 %, pricom u dier s predope-
ra¢nym MLD < 550 pm sme dosiahli 100% mieru Uspes-
nosti, ¢im su vysledky nasho pozorovania porovnatelné
s najnovsimi zahrani¢nymi zdrojmi.

Uspednost operacie pri dierach typu XL bola v naom su-
bore iba 46,7 %, a tak sa naskytuje otazka, ¢i by u takychto
dier nebolo lepsie zvolit techniku flapu z MLI ako metédu
prvej volby. Autori studijnej skupiny ,CLOSE” v roku 2023
sice preukdzali, Ze pri pouziti flapu z MLI u dier typu L, XL
a XXL je vyssia uspesnost uzaveru, ale zisky NKCZO su niz-
Sie v porovnani so ziskami NKCZO pri samotnom peelin-
gu MLI [4, 11]. NizSie zisky NKCZO pravdepodobne suvisia
s tym, Ze manipuldcia s flapom z MLI predstavuje vyssie
riziko mechanického poskodenia RPE, samotny flap moze
viest ku nadmernej gliéznej reakcii a hyperproliferacii Miil-
lerovych buniek, ktorad nasledne brani adekvatnej rekon-
Strukcii vnutornych vrstiev retiny [17]. Rosi a jeho kolektiv
v roku 2020 opisali, Ze rekonstrukciou vonkajsich vrstiev sa
dosahuju vyssie hodnoty NKCZO po operacii v porovnani
s pacientami s rekonstrukciou vnutornych vrstiev retiny
[11]. Vzhladom na tieto poznatky, sme sa rozhodli vyuzit
ako primarnu metddu u vietkych typov makuldrnych dier
PPV s peelingom MLI. Cielom nasho pozorovania bolo
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zhodnotit vysledky pacientov po PPV s peelingom MLI,
preto nie sme opravneni hodnotit jednotlivé chirurgic-
ké metddy, ich vysledky, zisky zrakovej ostrosti a/alebo
porovnavat ich medzi sebou. V buducnosti su vsak jed-
noznacne potrebné dalsie studie na porovnanie chirurgic-
kych metéd, ktoré operatérom ulahdia vyber tej spravnej
metddy, predovietkym s ohladom na dosiahnutie ¢o naj-
lepsej restitucie fovey, a tym padom ¢o najvyssieho zisku
zrakovej ostrosti po operacii.

V sucasnosti je PPV s peelingom MLI tak minimalne
invazivnou procedurou, ze poskytuje rekonvalescen-
ciu a navrat zrakovych funkcii za relativne kratky cas
od operacie. V naSom pozorovani sme popisali, ze NK-
CZO sa linearne zlepsila pocas prvych 12 mesiacov od
operacie, pricom tento narast bol nezavisly od velkosti
MD pred operaciou. Tento fakt je vysvetlovany tym, ze
rekonstrukcia foveoldrnych vrstiev a obnova kontinuity
zony elipsoidov nastdva postupne a pomaly [12]. Ku sta-
bilizacii zrakovej ostrosti dochadza vaésinou priblizne 6
mesiacov po operacii [13], ¢o je takisto v sulade s nasimi
pozorovaniami.

V literature su popisané viaceré prognostické faktory,
ktoré ovplyviuju vyslednu zrakovu ostrost po operacii
makularnej diery [1]. Statisticky vyznamné su predoviet-
kym NKCZO a velkost makuldrnej diery pred operaciou
[13]. Kariovsky a kol. v roku 2009 analyzovali prognostic-
ké faktory u 91 pacientov, ktori podstupili PPV s peelin-
gom MLI pre IMD, pri¢com preukazali Statisticky vyznam-
ny vztah medzi dizkou trvania priznakov a vyslednou
pooperacnou zrakovou ostrostou. U pacientov s kratSou
anamnézou mbzeme teda ocakavat vyraznejsie zlepse-
nie zrakovej ostrosti po operacii [18]. Aj napriek tomu, ze
sme v nasom subore nehodnotili dizku anamnézy, nase

vysledky potvrdili, ze pacienti s lepSou zrakovou ostros-
tou a mensim MLD pred operaciou, dosiahli vyssie zisky
NKCZO po operacii.

Uz spominané alternativne operacné techniky priniesli
so sebou aj nové spdsoby anatomickej rekonstrukcie fo-
veolarnej oblasti, ¢im vznikla potreba preklasifikovat typy
uzdverov makuldrnych dier. Vysledky préce Rossi a kol.
preukazali, ze NKCZO po operacii je v korelacii so spdso-
bom uzaveru, pricom lepsie vysledky dosahuju pacienti
s uzdvermi typu 1 alebo 2 [11]. Tieto zistenia sa zhoduju
aj s pozorovaniami u nasich pacientov.

ZAVER

Mébzeme konstatovat, Ze po realizovanej PPV doslo
u 93 % pacientov ku primarnemu uzatvoreniu makularnej
diery, ¢im tychto pacientov povazujeme za vylie¢enych.
U velkého mnozstva z nich doslo k relativne rychlemu na-
vratu zrakovych funkcii a vymiznutiu neprijemnych me-
tamorfopsii. Dolezité je mysliet na to, Ze chirurgické ciele
sa menia a uzaver makuldrnej diery uz nie je jedinym cie-
[om operacie makuldrnej diery. Do popredia sa v sucas-
nosti dostdva obnova integrity vonkajsich vrstiev fovey,
teda vonkajsej limitujucej membrany a zény elipsoidov.
PPV je rokmi overena chirurgicka technika, ktora si presla
mnohymi modifikaciami do dnednej 25-gauge az 27-gau-
ge podoby. Nade vysledky preukazali, ze 25-gauge PPV
s peelingom MLI a plynovou tamponadou je efektivnou
liecbou idiopatickej MD, s Uspesnostou jej uzavretia viac
nez 90%. V sucasnosti uz predstavuje rutinnu operaciu,
z ktorej profituju pacienti s makularnymi dierami rozli¢-
nych velkosti.
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