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Preface to ”Macular Edema: The Current

Recommendations for Clinical Practice”

Dear readers,

We invite you to read a few articles that cover the broad subject of macular edema. Macular

edema is a common clinical entity that has variable etiopathogenic background. Advances in

ophthalmological technology, especially the advent of OCT –angiography, have made diagnostics

of that syndrome more profound and shed a different light into its classifications and therapeutic

approaches. On the other hand, introduction of intravitreal therapies to ophthalmological practice

has revolutionized treatment of macular edema and gave a different perspective for the use of

classical laser photocoagulation in such cases. It also made research redirect towards non-damaging

retinal therapies such as subthreshold laser treatment applied in pulsed mode. No matter how

we appreciate advances in the diagnostics and treatment of macular edema, there are still many

issues that remain a medical mystery. That situation, sometimes, has a consequence in the lack of

strong therapeutic recommendations supported by relevant research. This book is a presentation of

discussions and experience of authors whose efforts aim towards creating precise recommendations

for the treatment of macular edema in different ophthalmological diseases, including combination of

intravitreal injections with other forms of treatment.

Gawecki Maciej

Editor
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Abstract: Objective: intravitreal therapy for macular edema (ME) is a common clinical approach

to treating most retinal vascular diseases; however, it generates high costs and requires multiple

follow-up visits. Combining intravitreal anti–vascular endothelial growth factor (VEGF) or steroid

therapy with subthreshold diode micropulse laser (SDM) application could potentially reduce the

burden of numerous intravitreal injections. This review sought to explore whether this combination

treatment is effective in the course of ME secondary to retinal vascular disease, and in particular,

determine whether it is comparable or superior to intravitreal therapy alone. Materials and methods:

the following terms and Boolean operators were used to search the PubMed literature database:

subthreshold micropulse laser, subthreshold diode micropulse OR micropulse laser treatment AND

anti-VEGF, anti-VEGF treatment, intravitreal steroids, OR combined therapy.This analysis included all

studies discussing the combination of SDM and intravitreal anti-VEGF or steroid treatment. Results:

the search revealed nine studies that met the inclusion criteria, including five comparing combined

treatment and anti-VEGF treatment alone, four covering diabetic ME, and one covering ME secondary

to branch retinal vein occlusion. All of these five studies suggested that combination therapy

results in fewer intravitreal injections than anti-VEGF monotherapy with non-inferior functional

and morphological outcomes. The remaining four studies report functional and morphological

improvements after combined treatment; however, SDM alone was never superior to intravitreal-

alone or combined treatment. There were substantial differences in treatment protocols and inclusion

criteria between the studies. Conclusions: the available material was too scarce to provide a reliable

assessment of the effects of combined therapy and its relation to intravitreal monotherapy in the

treatment of ME secondary to retinal vascular disease. One assumption of note is that it is possible

that SDM plus anti-VEGF might require fewer intravitreal injections than anti-VEGF monotherapy

with equally good functional and morphological results. However, further randomized research is

required to confirm this thesis.

Keywords: combined treatment; subthreshold diode micropulse; anti-VEGF treatment; diabetic

macular edema; retinal vein occlusion

1. Introduction

Subthreshold diode micropulse laser (SDM) therapy has been used extensively to treat
retinal disorders in recent years [1,2]. The efficacy of SDM in the treatment of central serous
chorioretinopathy (CSCR) has been proven in numerous studies and accepted as a routine
form of treatment by many ophthalmologists in the context of this specific disease [3–5].

However, in other retinal disorders, especially vascular ones, current recommenda-
tions emphasize the application of intravitreal therapies. In this context, the use of SDM
in these diseases remains an area to be explored. Functional improvements after SDM
alone in the treatment of macular edema (ME) or diabetic ME (DME) secondary to retinal
vein occlusion (RVO), can generally be described as moderate and not superior to gains
achieved after intravitreal therapies [6]. On the other hand, real-world studies suggest that
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the actual visual gains achieved after intravitreal therapy are usually smaller than those
reported in the randomized clinical trials that were the basis for the drug’s approval [7,8].
Additionally, the dense schedule of intravitreal therapy places a substantial burden on
the patients, contrary to when undergoing laser treatment, which is performed less fre-
quently. This fact was proved by reviewing five years of results of the Protocol S study
by the Diabetic Retinopathy Clinical Research Network, which compared the efficacy of
pan-retinal photocoagulation versus intravitreal ranibizumab for proliferative diabetic
retinopathy [9]. As much as one-third of patients did not complete the trial, which often
resulted in the serious progression of diabetic retinopathy. However, deterioration was
much more frequent in noncompliant patients from the ranibizumab group than in those
from the laser group. In light of this knowledge, the question of SDM application in retinal
vascular diseases could be asked in a different way: is SDM capable of reducing the number
of necessary intravitreal injections needed to maintain vision? The goal of this review was
to analyze the effects of the combination of SDM and intravitreal injections in DME and
ME secondary to RVO based on the available literature. In particular, the present review
seeks to find premises in which to use SDM as a supportive therapy that would reduce the
number of necessary intravitreal injections.

2. Materials and Methods

The following terms and Boolean operators together were used to search the PubMed
literature database: subthreshold micropulse laser, subthreshold diode micropulse OR
micropulse laser treatment AND anti-VEGF, anti-VEGF treatment, intravitreal steroids, OR
combined therapy. The present analysis included all available studies that involved the
combination of SDM and intravitreal anti-vascular endothelial growth factor (VEGF) or
steroid treatment within the years: 2000–2021 in the PubMed database. Both SDM and
anti-VEGF treatment were not available before 2000.

3. Results

The search revealed nine studies altogether that involved combined SDM with intrav-
itreal treatment in ME, with the oldest one indexed in 2008. Five of these compared the
results of combination treatment to those of intravitreal therapy alone. A description of
these trials is presented in Table 1.

Table 1. Studies that compared combined SDM and anti-VEGF/intravitreal steroid therapy and intravitreal treatment alone
in the management of retinal diseases.

Author/Year of
Publication

Material Study Design Results

DME

Thinda et al. 2014 [10]
anti-VEGF + SDM (n = 10 eyes);

anti-VEGF (n = 10 eyes)

Retrospective; evaluation of the
number of injections and
improvements in BCVA and CRT;
follow-up of six to 18 months with
a median of 12 months

Mean number of injections per month:
0.27 in the combined group and 0.67 in
anti-VEGF group (difference was
statistically significant); significant
improvements in BCVA and final CRT
similar in both groups.

Moisseiev et al. 2018 [11]
IVR + SDM (n = 19 eyes);

IVR (n = 19 eyes)

Retrospective; comparison of
BCVA and number of injections in
both groups at 12 months and at
the end of the follow-up; most
patients in the SDM group had
CRT < 400 µm; no more than three
IVRs before SDM application.

Significant BCVA improvement similar
in both groups; number of required
injections was significantly fewer in the
combined group than in the
monotherapy group: 1.7 ± 2.3 vs.
5.6 ± 2.1 at 12 months and 2.6 ± 3.3 vs.
9.3 ± 5.1 at the end of follow-up.
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Table 1. Cont.

Author/Year of
Publication

Material Study Design Results

Khattab et al. 2019 [12]
DME

IVA (n = 27 eyes);
SDM + IVA (n = 27 eyes)

Prospective, randomized; impact
of adjuvant SDM therapy as
compared with aflibercept
treatment alone on the number of
injections; evaluation of the
number of injections, BCVA, and
CS at 18 months; SDM applied
within one week after the loading
phase of injections.

Number of injections in the aflibercept
group was 7.3 vs. 4.1 in the combined
group (difference significant); BCVA
improved significantly by a similar
amount in both groups; CS improved
significantly in both groups by a similar
degree.

Kanar et al. 2020 [13]
DME

IVA (n = 28 eyes);
IVA + SDM (n = 28 eyes)

Prospective RCT; comparison of
BCVA, CRT, and number of
injections required in both groups
at 12 months; SDM applied after
at least three loading doses of IVA
and until CRT decreased below
450 µm.

IVA group experienced significant BCVA
improvement from 0.38 ± 0.1 logMAR
to 0.20 ± 0.1 logMAR and CRT
reduction from 451.28 ± 44.85 µm to
328.8 ± 49.69 µm, while the combined
group experienced significant BCVA
improvement from 0.40 ± 0.09 logMAR
to 0.17 ± 0.06 logMAR and CRT
reduction from 466.07 ± 71.79 µm to
312.0 ± 39.29 µm—thus, no statistically
significant differences in BCVA and CRT
changes existed between the groups; the
number of injections in the combined
group was significantly smaller than in
the monotherapy group at 3.21 ± 0.41
vs. 5.39 ± 1.54.

BRVO

Terashima et al. 2019 [14]
ME secondary to BRVO

IVR group (n = 24 eyes); IVR +
SDM group (n = 22 eyes)

Retrospective; evaluation of
BCVA, CRT, and number of
injections in both groups at
six months; SDM performed one
month after initial IVR; IVR
applied in PRN fashion after the
first initial injection in both
groups.

BCVA and CRT improved significantly
in both groups without significant
differences; combined group required
statistically fewer injections than the
IVR monotherapy group (1.9 ± 0.8 vs.
2.3 ± 0.9) by three months.

SDM, subthreshold diode micropulsation; IVR, intravitreal ranibizumab; IVA, intravitreal aflibercept; IVT, intravitreal triamcinolone;
BCVA, best-corrected visual acuity; CRT, central retinal thickness; ME, macular edema; BRVO, branch retinal vein occlusion; DME, diabetic
macular edema; CS, contrast sensitivity; RCT, randomized clinical trial; PRN, pro re nata; VEGF, vascular endothelial growth factor.

The studies compared in Table 1 consist of four studies covering DME [10–13] and
one study concerning ME secondary to branch retinal vein occlusion (BRVO) [14]. Among
those studies, there were two randomized clinical trials on DME by Khattab et al. [12] and
Kanar et al. [13], respectively. The results of combined anti-VEGF plus SDM treatment
were compared with the outcomes of anti-VEGF. These five studies reported similar best-
corrected visual acuity (VA) (BCVA) and retinal morphology improvements in both groups,
with significantly fewer injections required in the combined therapy cohort. Moreover, in
all of these studies, SDM was performed after the loading phase of the intravitreal injection;
however, the number of loading injections varied across the studies. Subsequent treatment
with anti-VEGF medications was conducted in a pro re nata fashion.

Each of the remaining four studies had a unique design and they did not include
intravitreal therapy alone as a reference. Nevertheless, they were analyzed because they
documented the results of combined therapy. Two trials compared the outcome of com-
bination treatment versus SDM alone [15,16], and two studies presented the effects of
combination treatment in specific cases of ME [17,18]. A description of these four studies is
provided in Table 2.
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Table 2. Studies that assessed the combination of SDM and intravitreal treatment without results for intravitreal ther-
apy alone.

Author/Year of
Publication

Material Study Design Results

BRVO

Parodi et al. 2008 [15]
ME secondary to BRVO

SDM (n = 13 eyes) (810 nm)
SDM + IVT (n = 11 eyes)

Prospective RCT;
comparison of BCVA between
the groups at 12 months.

Gain of at least 10 ETDRS letters
in 91% of eyes in the SDM + IVT
group and in 62% of eyes in the
SDM-alone group; mean number
of lines gained: 3.4 in the SDM +
IVT group and 1.3 in the
SDM-alone groups (the difference
between the groups was
significant).

DME

Luttrull et al. 2012 [16]

DME
SDM (n = 38 eyes);

SDM + anti-VEGF or IVT
(n = 24 eyes);

SDM-alone group had
significantly smaller CRT

at baseline

Retrospective; evaluation of
BCVA and CRT after
treatment (median follow up
12 months); SDM followed
intravitreal therapy.

Significant reduction in CRT in
71% of the SDM-alone group and
89.5% of the combination group
(with no statistical difference
between the groups); BCVA stable
in both groups, but without
significant improvement.

Elhamid 2017 [17]

DME resistant to anti-VEGF
therapy

Ozurdex* plus SDM
(n = 20 eyes)

Case series; evaluation of
BCVA and CRT at 12 months;
SDM performed at one month
after injection of Ozurdex;
possible reinjection at
six months.

BCVA was significantly improved
from 0.45 ± 0.14 to 0.59 ± 0.14
Snellen, while CRT was
significantly reduced from
420.7 ± 38.74 µm to
285.2 ± 14.99 µm; reinjection was
necessary in eight eyes; cataract
was present in six of 14
phakic eyes.

Inagaki et al. 2019 [18]
DME

SDM + anti-VEGF (n = 34 eyes,
including 27 IVR and 7 IVA)

Retrospective; evaluation of
BCVA, CRT, and the number
of injections at 12 months;
loading dose of anti-VEGF
until ME disappearance, then
SDM within a month and,
after that, anti-VEGF was
delivered in PRN fashion.

BCVA: significant improvement
from 0.52 ± 0.34 logMAR to
0.41 ± 0.34 logMAR at 12 months;
stable reduction of CRT through
12 months from 491.1 ± 133.9 µm
to 354.8 ± 120.4 µm; mean
number of injections: 3.6 ± 2.1
during one year.

SDM, subthreshold diode micropulsation; IVR, intravitreal ranibizumab; IVA, intravitreal aflibercept; IVT, intravitreal triamcinolone;
BCVA, best-corrected visual acuity; CRT, central retinal thickness; ME, macular edema; BRVO, branch retinal vein occlusion; DME, diabetic
macular edema; CS, contrast sensitivity; ETDRS—Early Treatment Diabetic Retinopathy Study, RCT, randomized clinical trial; PRN, pro re
nata. *, Manufactured by Allergan, Dublin, Ireland.

The triamcinolone study in ME secondary to BRVO clearly favored combined intravit-
real triamcinolone (IVT) + SDM therapy over SDM alone [15]. Those patients who were
subjected to combined treatment achieved better functional results than those who received
SDM monotherapy. In the DME study of similar design, both the combined therapy and
SDM-alone protocols proved equally effective in maintaining initial BCVA and improving
retinal morphology; however, it should be remembered that baseline retinal thickness was
significantly less in the SDM-alone group [16].

In the study by Elhamid et al., SDM was performed one month after intravitreal
Ozurdex injection (Allergan, Dublin, Ireland) in patients with DME resistant to anti-VEGF
therapy [17]. Although the results suggested the occurrence of significant morphological
and functional improvements, the trial did not include a control group, so it was not
possible to assess how the addition of SDM to intravitreal dexamethasone affected the
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final outcome. A study by Inagaki et al., which considered SDM and anti-VEGF therapy
in DME is a case series, [18] observed a moderate BCVA improvement (by 0.11 logMAR),
with a relatively low number of injections required to achieve this effect during one year of
follow-up (mean: 3.6 ± 2.1 injections).

4. Discussion

Literature material for the analysis of the efficacy of the combination of SDM and
intravitreal treatment in DME and RVO is scarce. Following a search of PubMed, only
five eligible comparative studies were identified, including two randomized trials. Some
collective findings from these studies can be reported and analyzed, although caution must
be maintained. Generally, patients subjected to combined therapy required fewer injections,
especially when this number was compared with the number of anti-VEGF treatments in
the monotherapy population. If this outcome is confirmed in larger studies, SDM could be
adopted in clinical practice to significantly reduce the burden of the treatment of retinal
vascular diseases both financially and with respect to the patient’s comfort.

From the available material, it was determined that combined treatment was not
inferior to anti-VEGF therapy alone when considering improvements in BCVA and retinal
morphology. However, SDM was usually performed in cases of minor and moderate
retinal edema or following the resolution of edema after a loading dose of the intravitreal
injection was delivered. This is consistent with the results of other research correlating
SDM efficacy with the amount of baseline ME, often suggesting a central retinal thickness
of 400 µm as the threshold [19–21]. This fact implicates a strict rationale is necessary during
combined SDM and anti-VEGF treatment in that the adjunct of SDM is only sensible in
cases with less severe retinal edema or following a reduction in edema prompted by initial
anti-VEGF therapy.

Unfortunately, the analysis of the material does not offer us a precise answer regarding
what should be the treatment schedule for the combined therapy. Both the number of
loading-phase injections and the moment of SDM application varied among the studies.
Further research needs to address the following questions that remain: what is the optimal
number of injections required during the loading phase of intravitreal therapy, what is
the best time point of SDM application (e.g., complete resolution of ME, reduction below
400 µm, or reference to BCVA), and what is the ideal the retreatment schedule for either
anti-VEGF or SDM? Some form of an algorithm for combined treatment in DME has already
been proposed, yet it is not backed by published research [22]. SDM or anti-VEGF was
suggested as the first-line therapy for DME of less than 250 µm. For larger cases of edema,
an initial loading phase of two to three anti-VEGF injections followed by three injections in
the context of a good response is recommended. Thereafter, switching to SDM is suggested.
However, if the response is poor after two or three initial injections, a switch to SDM earlier
on is indicated. Luttrull et al. does not use retinal thickness as a signal for deciding how to
treat DME; if the VA is 20/50 or worse, an initial anti-VEGF injection is given and injections
are continued until the VA is 20/40 or better, at which time panmacular SDM is initiated
(there is no loading dose custom), while, if the VA is 20/40 or better, SDM is performed
alone [23].

This review also discusses a number of non-comparative studies that do not directly
refer the combined treatment to intravitreal therapy alone (Table 2). As the literature on the
subject was really limited, the author attempted to evaluate each study that reported effects
of combination treatment that included SDM. Two studies presented in Table 2 provide
some perspective on the position of combination therapy, including SDM versus SDM
alone [15,16]. It seems that SDM works well alone in mild to moderate DME; however,
there is a tendency for better morphological results to be obtained with the involvement
of intravitreal medication [16]. In BRVO, an additive strong anti-inflammatory effect of
intravitreal steroids provided significant improvements that were clearly superior to SDM
only [15]. The remaining two studies reported an effect of SDM added to either intravitreal
steroid or anti-VEGF therapy in the treatment of DME [17,18]. The lack of a control
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groups in these reports makes their interpretation rather risky and, despite favorable
morphological and functional outcomes, the benefit of adding SDM to the treatment
regimen is impossible to evaluate. Moreover, it must be emphasized that intravitreal
steroid therapy in the treatment of DME and ME secondary to BRVO in most cases remains
the second line of therapy, as does its combination with SDM.

The author realizes that the scarceness of literature on combined treatment including
both SDM and intravitreal therapy for ME does not allow for a systematic review to be
performed nor for the presentation of concrete conclusions. However, in the author’s
opinion, this limitation only means that this form of treatment should be looked at more
carefully. The common use of intravitreal injections—anti-VEGF in particular—has pushed
aside other forms of treatment, some of which are potentially effective. SDM is rarely
given attention by members of industry, who support multicenter clinical trials. Thus,
designing and carrying out a large SDM investigation including numerous cases is not
easy and requires a lot of perseverance. Reviews such as this one will hopefully stimulate
researchers to pursue the subject further.

5. Conclusions

An analysis of the available research on combined SDM and anti-VEGF/intravitreal
treatment in ME does not provide an unequivocal answer at this time regarding the efficacy
and benefits of this clinical approach. Existing published results suggest that combining
SDM and anti-VEGF in the treatment of cases of limited retinal edema would reduce the
number of intravitreal injections required, with functional and morphological outcomes
that are non-inferior to those of anti-VEGF monotherapy. Larger, randomized clinical trials
are needed to confirm this thesis and provide a rational treatment algorithm.
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Abstract: Macular edema (ME) is associated with various conditions; however, the main causes of ME

are retinal vein occlusion (RVO) and diabetes. Laser photocoagulation, formerly the gold standard

for the treatment of ME, has been replaced by anti-vascular endothelial growth factor (anti-VEGF)

intravitreal injections. Despite its efficiency, this treatment requires frequent injections to preserve the

outcomes of anti-VEGF therapy, and as many patients do not sufficiently respond to the treatment,

ME is typically a chronic condition that can lead to permanent visual impairment. Generalized

recommendations for the treatment of ME are lacking, which highlights the importance of reviewing

treatment approaches, including recent anti-VEGFs, intravitreal steroid implants, and subthreshold

micropulse lasers. We reviewed relevant studies, emphasizing the articles published between 2019

and 2021 and using the following keywords: macular edema, diabetic macular edema, retinal vein

occlusion, laser photocoagulation, anti-VEGF, and intravitreal injections. Our results revealed that a

combination of different treatment methods may be beneficial in resistant cases. Additionally, artificial

intelligence (AI) is likely to help select the best treatment option for patients in the near future.

Keywords: macular edema; diabetic macular edema; retinal vein occlusion; laser photocoagulation;

anti-VEGF; intravitreal injections

1. Introduction

Macular edema (ME) is a disease characterized by the swelling of the macula due to
the abnormal accumulation of fluid [1]. It is associated with increased macular thickness
and significantly reduced visual acuity, and it may develop in various ocular conditions.

Postoperative cystoid macular edema (PCME) typically occurs after cataract surgery;
however, it can occur after any ocular surgery [2]. The increased phacoemulsification energy
and phacoemulsification time or postoperative pseudophakodonesis can significantly
contribute to PCME development [3]. It is thought that topical prostaglandin analogs used
for glaucoma treatment may also promote PCME [3,4].

Corticosteroid eyedrops are prescribed postoperatively by most cataract surgeons
to prevent the formation of PCME [5]. Topical steroids, non-steroidal anti-inflammatory
eye drops, and ocular steroid injections (sub-tenon or intravitreal) are the main treatment
options for PCME [2].

ME is the most common cause of vision loss in patients with uveitis [6,7]. Although
both regional and systemic steroids are considered effective treatments, other treatment
options are available, including immunomodulatory agents and anti-vascular endothelial
growth factor (VEGF) intravitreal injections [7,8].

Cystoid macular edema (CME) is observed in patients with various retinal patholo-
gies. It is considered a complication in patients with retinitis pigmentosa (RP), whereas
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tractional CME is associated with the persistent attachment of the vitreous at the macular
region [9,10].

However, in most eyes undergoing treatment of ME related to retinal vascular dis-
ease, it is diabetic macular edema (DME) and retinal vein occlusion (RVO) that are the
driving forces.

ME affects approximately 7 million patients with diabetic retinopathy (DR) and 3 mil-
lion patients with retinal vein occlusion (RVO) [11].

The role of inherited genetic polymorphisms in DME development and treatment
response is still poorly understood; nevertheless, possible DME risk genes have been iden-
tified. Graham and colleagues did not find any significant genome-wide associations with
DME risk; however, they identified the top-ranked single nucleotide polymorphism (SNP)
for DME in rs1990145 on chromosome 2 [12]. A trend toward an association between DME
and DR was detected in two SNPs: rs12267418, near MALRD1 (p = 0.008), and rs16999051 in
the diabetes gene PCSK2 (p = 0.007) [12,13]. It is clear that there is a need for larger studies.

CME involves fluid accumulation in the outer plexiform layer of the retina due to
abnormal perifoveal retinal capillary permeability, whereas DME is associated with the
leakage of macular capillaries and is observed in patients suffering from diabetes [14].
ME is also associated with an increase in VEGF and interleukin 6, which induce vascular
permeability and vasodilation [15].

Chronic ME leads to permanent visual impairment by altering the outer limiting
membrane, affecting photoreceptor segments (outer nuclear layer thinning and outer
segment atrophy), and disorganization of inner retinal layers [11].

ME treatment approaches have changed substantially in recent years. Although laser
photocoagulation (LP) has long been the gold standard for the treatment of ME, it is being
replaced by anti-VEGF intravitreal injections, which have been reported as a first-line
treatment for both DME and ME due to RVO.

This paper reviews and analyzes recent approaches to ME treatment and discusses
future directions and perspectives in this field.

2. Methodology

A search of the medical literature was performed in PubMed and Google Scholar
up to April 2021. The following keywords were used in various combinations: macular
edema, diabetic macular edema, retinal vein occlusion, Laser Photocoagulation, anti-VEGF,
intravitreal injections, and uveitis. Only articles with English abstracts focusing on ME
caused by retinal vascular diseases, including DME and ME due to RVO, were reviewed.
Studies were critically reviewed to construct an overview and guidance for further searches
and highlight the lack of generalized recommendations. Emphasis was placed on articles
published between 2019 and 2021.

3. Results

Intravitreal ranibizumab and aflibercept are currently approved for ME treatment,
whereas bevacizumab is used off-label, and conbercept is approved and used for DME
treatment only in China [16]. Frequent injections are required to preserve the effects of anti-
VEGF therapy, and this treatment is therefore associated with repeated risk, high costs and
an increasing burden on ophthalmologists and their patients. Despite the reported efficacy
of anti-VEGFs, many patients do not respond well to treatment. In addition, identifying
which treatment regimen is optimal is a constant dilemma. The main advantage of treat-and-
extend (T and E) over pro re nata (PRN) regimens is a reduction in the number of hospital
visits and recurrences [17]. Elsebaey and colleagues compared T and E treatment regimen
with the PRN regimen in patients with DME [18]. They concluded that an individualized T
and E regimen has the potential to reduce the clinic burden and improve patient compliance
while maintaining effectiveness and providing well-tolerated treatment for DME [18].
Similar results were reported by Kim et al.: the T and E regimen of aflibercept in DME
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maintained effectiveness in a 2-year follow-up and reduced the number of injections
compared with fixed dosing regimens [17].

Intravitreal corticosteroid implants ensure sustained drug release for a specific period
and reduce the number of injections needed compared with anti-VEGF treatment. Steroid
implants were reported to be effective and safe both in DME and ME due to RVO; however,
they are typically used as a second choice in cases resistant to anti-VEGF treatment. The in-
travitreal dexamethasone (DEX) implant is approved for the treatment of DME and ME
due to RVO; in the EU, it is approved for use in patients with DME that responds poorly to
other treatments and for those who are pseudophakic or ineligible for other therapies [19].
The fluocinolone acetonide (FA) implant is approved for the treatment of DME and is
typically used in patients who previously received a course of corticosteroids and did
not experience a significant increase in eye pressure [20]. Despite the efficacy of steroids,
they may be associated with increased intraocular pressure (IOP) and cataract formation.

Resistance to anti-VEGFs and intravitreal steroids treatment methods highlights the
need for alternative treatment options.

3.1. Diabetic Macular Edema

The main DME treatment options are intravitreal injections of anti-VEGF agents and
intravitreal corticosteroid injections. Formerly, macular LP was the gold standard for
DME treatment; however, it is now utilized as an additional treatment. The two most
common techniques of LP in patients with DME are focal photocoagulation targeting focal
lesions (e.g., leaking microaneurysms or ischemic areas on fluorescein angiography (FA)
for focal DME cases) and the grid laser technique, in which the laser is applied to diffuse
leakages or nonperfusion areas; the latter is recommended for diffuse or more severe forms
of DME [21,22]. According to the European Society of Retina Specialists (EURETINA)
guidelines published in 2017, the focal and grid laser techniques should be utilized for non-
center involving DME [23]. The laser can reportedly be applied in the vasogenic subform of
DME, which is clinically characterized by the presence of focally grouped microaneurysms
(MA) and leaking capillaries [24]. The primary reason grid laser is not recommended
further is because of retinal scarring; however, when targeting capillary microaneurysms,
a focal laser is beneficial as a second-line treatment [24,25]. In addition, it can be considered
as a combined treatment option to reduce the number of anti-VEGF injections. Paques and
colleagues performed a pilot study and reported significantly reduced macular thickness
and improved visual acuity after elective photocoagulation of capillary microaneurysms in
patients with chronic macular edema and severe hard exudates due to diabetic retinopathy
or RVO [26].

Most studies found anti-VEGFs to be superior to laser treatment in DME patients.
The REFINE study was conducted in Chinese patients with DME who received intravitreal
ranibizumab injections or LP [27]. The results revealed a significantly greater improve-
ment in mean best-corrected visual acuity (BCVA) at month 12 with ranibizumab than
with LP [27]. Singh and colleagues reported that BCVA improvement was significantly
greater with aflibercept than with laser techniques and was not influenced by any baseline
factors [28,29]. A subthreshold micropulse laser (SML) is a relatively new tissue-sparing
laser technique; it avoids protein coagulation and prevents retinal scars, allowing the
preservation of retinal anatomy and function [30].

SML helps improve or stabilize visual function and decrease macular thickness in
DME [31]. Vujosevic and colleagues performed a study that evaluated the effectiveness
of SML treatment in patients with DME [31]. They reported that 31 patients (83.8%)
required retreatment (mean number of SML treatments over 12 months: 2.19 ± 0.7); how-
ever, no eyes needed any additional treatments (anti-VEGF, steroids, and/or conventional
laser) [31]. Al-Barki et al. compared the outcomes between short-pulse continuous wave-
length and infrared micropulse lasers in DME treatment [32]. The authors concluded
that the infrared micropulse system improved functional outcomes in patients with DME,
whereas the short-pulse system resulted in a greater temporary reduction in edema [32].
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Gawęcki and colleagues performed a systematized review and proposed that combin-
ing the SML treatment with anti-VEGFs may require fewer intravitreal injections than
anti-VEGF monotherapy with equally favorable functional and morphological results in
the ME treatment. However, SML alone was not superior to intravitreal treatment alone
or combined treatment [33]. The authors noted that the studies under review varied in
treatment protocols and inclusion criteria [33]. Altinel and colleagues compared the effi-
cacy and safety of SML and intravitreal bevacizumab (IVB) injection combined therapy
with IVB monotherapy in DME treatment [34]. They concluded that fewer IVB injections
were needed when laser treatment was added; however, a significant increase in BCVA
was not achieved [34]. Similarly, Furashova et al. reported that patients treated with
ranibizumab combined with additional laser treatment experienced greater visual improve-
ment and required fewer ranibizumab injections compared with patients treated only with
ranibizumab [35].

Valera-Cornejo et al. evaluated the effect of SML treatment in center-involved DME
in previously untreated (naïve) patients and patients who did not respond to prior treat-
ment [36]. No significant changes in BCVA were observed between the groups after
3 months [36]. The change in central macular thickness (CMT) at 3 months was statistically
but not clinically significant in the treatment-naïve group only, and no adverse events were
reported [36]. Passos et al. reported that SML treatment used alone was not as effective
as it could be when combined with other treatments [37]. DME cases associated with
subretinal fluid had the best anatomical response, whereas intraretinal edema responded
poorly to laser monotherapy [37]. The authors concluded that SML might be used in a
combination treatment for ME [37]. Other authors also suggest considering laser therapy
as an additional treatment in combination with intravitreal injections [21].

Anti-VEGFs utilize different molecules to achieve their effect: aptamers (pegaptanib);
antibodies to VEGF (bevacizumab); antibody fragments to VEGF (ranibizumab); and fu-
sion proteins, which combine a receptor for VEGF with the constant region of a human
immunoglobulin (aflibercept and conbercept) [28]. Bevacizumab, ranibizumab, and afliber-
cept are the most common anti-VEGFs, and many studies have not observed significant
differences in outcomes between them [28,38]. However, it has been suggested that the
choice of anti-VEGF can be guided by the untreated BCVA. When it is lower, aflibercept
has been suggested as the drug of choice [28,29]. The remaining anti-VEGFs, including
bevacizumab, ranibizumab, and aflibercept, provide similar functional outcomes when
the baseline BCVA is higher [28]. Bressler and colleagues, however, reported that after six
consecutive injections, more patients presented with persistent ME following bevacizumab
treatment compared with ranibizumab and aflibercept [39]. On this basis, Haritoglou
et al. suggested switching from bevacizumab to either aflibercept or ranibizumab if DME
persists while using bevacizumab [40].

Zhou et al. evaluated the efficacy and safety of intravitreal conbercept for DME
treatment [41]. Patients were treated with one to three consecutive monthly intravitreal
conbercept (IVC) injections, followed by retreatment with conbercept or switch therapy
with triamcinolone acetonide (TA) based on a 6-month observation of the effect of treat-
ment [29]. Approximately one-third of the eyes (29 of 89 eyes involved in the study)
received intravitreal triamcinolone acetonide (IVTA) injections at month 6 [41]. The results
revealed that the mean BCVA and CMT were significantly improved at 1 and 3 months
after IVC treatment in the IVC group, and they gradually improved at 9 months after IVTA
treatments in the IVC plus IVTA group [41]. Five eyes exhibited aggravated cataracts at the
last follow-up visit after IVTA injection, and this was associated with the final decline in
BCVA [41]. Nonetheless, the authors concluded that conbercept is safe and efficient, and TA
may be beneficial in cases that are refractory to anti-VEGF treatment [41]. A meta-analysis
comparing the efficacies of conbercept and ranibizumab for DME treatment demonstrated
that intravitreal conbercept was significantly superior to ranibizumab in reducing CMT;
however, no significant difference in visual improvement was observed [42]. The effects
and safety of conbercept and ranibizumab in DME treatment were also compared in a
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recent meta-analysis by Sun et al., and the results demonstrated that intravitreal injections
of conbercept were superior to ranibizumab in both reducing central retinal thickness and
improving BCVA [43].

Corticosteroids are typically used as an alternative therapy for eyes with an insufficient
response to anti-VEGF treatment reducing inflammation, decreasing the disruption of the
blood–retinal barrier, and interfering with retinal angiogenesis [44]. Although intravitreal
steroids are not used as often as anti-VEGFs, they can significantly reduce DME, and some
authors suggest them as an option for first-line treatment. The main steroids used for the
treatment of DME are TA, dexamethasone (DEX), and FA, which differ in their duration of
action [40]. Because of the short vitreous elimination half-life of the solubilized fraction of
these steroids, an extended duration of action can be achieved by applying sustained re-
lease systems (implants) into the vitreous cavity [40]. After one intravitreal injection of TA,
the treatment effect was maintained for up to 6 months [40]. However, TA elevates the risk
of increased IOP, and it may be associated with the risk of pseudoendophthalmitis [45,46]
and retinal toxicity [47–49]; thus, it is used less frequently than its alternatives [40]. Ad-
ditionally, TA has not been approved for DME treatment [28]. Conversely, the DEX drug
release injectable implant has higher recognition, with a pharmacological effect ranging
between 4 and 6 months [40].

A first-line treatment algorithm and guidelines in center-involving DME have been
suggested by Kodjikian et al. [50]. The authors included a slow-release 700 µg dexametha-
sone intravitreal implant as an option for first-line treatment in center-involving DME,
together with three anti-VEGFs (bevacizumab, ranibizumab, and aflibercept). Augustin
and colleagues reported a consensus by a group of retina experts indicating that if a patient
does not exhibit a sufficient response after 3–6 months of anti-VEGF treatment (a visual
acuity gain of <5 ETDRS letters or a reduction in the central retinal thickness of ≤20%),
switching to the dexamethasone implant should be considered [51]. An implant may also
be suitable in eyes with massive lipid exudates or as a first-line treatment in pseudophakic
patients, patients unwilling or unable to comply with tight anti-VEGF injection intervals,
or patients with known vascular diseases [51].

Intravitreal DEX implants were reported to be effective in cases that were refractory to
anti-VEGF treatment. Castro-Navarro and colleagues reported that the intravitreal DEX
implant was effective and safe in both previously treated and untreated patients with
DME [52]. Additionally, the authors observed that 6 months after the injection of the
DEX implant, patients without prior DME treatment gained significantly more letters than
patients who were previously treated [52]. These results suggest the possibility of achieving
better results with earlier DEX implantation. This agrees with the results of a study by
Medina-Baena, which demonstrated that at month 12, naïve patients exhibited a greater
improvement in BCVA from baseline and achieved this BCVA improvement significantly
faster than previously treated patients [53]. Similar results were observed in a study by
Iglicki et al. [54]. They found that over a follow-up of 24 months, the vision in DME eyes
improved after treatment with DEX implants in eyes that were treatment-naïve and in
eyes that were refractory to anti-VEGF treatment; however, a greater improvement was
observed in naïve eyes [54].

Although most studies evaluate CMT as the target of anatomical outcomes, Altun and
colleagues evaluated the subfoveal choroidal thickness (SFCT) in vitrectomized eyes of
patients with DME after intravitreal DEX implants [55]. The authors reported a statistically
significant thinning of the mean SFCT during the follow-up period after DEX implant
injection in vitrectomized eyes with DME [55].

Hong et al. performed a retrospective study to evaluate the effect of intravitreal
TA injections in patients who were refractory to anti-VEGF treatment [44]. The authors
reported that the BCVA improved significantly, and CMT was significantly reduced after
a single TA intravitreal injection [44]. In addition, poorer visual acuity (VA) before the
injection was associated with visual gain 1 month after the treatment [44]. Elevated IOP
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was observed in 17.1% of eyes, and this was observed significantly more often after IVTA
injections containing a preservative than after preservative-free injections [39].

A longer pharmacological effect lasting up to 3 years can be achieved with an in-
travitreal FA sustained-release non-biodegradable device, which is inserted into the vit-
reous cavity via a 25-gauge needle; it contains 0.19 mg of FA and has a release rate of
0.2 µg/day [11]. Augustin and colleagues performed a retrospective study to evaluate
the results of DME treatment with FA implants [56]. They concluded that a single FA
implant could maintain reduced CMT for up to 3 years [56]. Several more studies reported
similar results, highlighting that FA has a favorable safety and effectiveness profile while
reducing CMT and improving BCVA [57–59]. Notably, Coelho and colleagues reported
that FA exhibited long-term effectiveness in vitrectomized DME eyes and sustained the
effectiveness in DME eyes that did not respond to DEX therapy [60].

The correct time to switch therapy if patients do not respond to anti-VEGF treatment
remains unclear. Gonzalez et al. performed a study and reported that in eyes with poor
responses after three anti-VEGF injections, it may be beneficial to switch to other modes
of therapy [61]. Baker and colleagues found that for patients with DME and excellent
visual acuity (defined as 20/25 or better), observation appeared to be a non-inferior initial
management strategy compared with intravitreal aflibercept or LP in terms of visual
acuity outcomes after 2 years [62]. Likewise, it was reported that initial focal or grid laser
significantly reduced the risk of requiring aflibercept injection during follow-up [62].

Martínez and colleagues evaluated the effect of early DEX implantation in eyes with
DME that received three or fewer anti-VEGF injections before the switch as well as the effect
of later implantation in patients who received six or more anti-VEGF injections before the
switch [63]. They reported that an early switch to DEX in patients who did not adequately
respond to anti-VEGF therapy provided better results: BCVA improved significantly more
(compared with baseline), and CMT decreased more in the early switch group compared
with the late switch group [63]. In addition, no difference in the incidence of increased IOP
was observed between the groups [63]. Comparable results were reported in Demir and
colleagues’ study; the authors concluded that the central retinal thickness (CRT) decreased
significantly more in the early switch group compared with the later switch group [64].
These results agree with those of a study by Ruiz-Medrano et al. [45]. Superior functional
outcomes were observed in eyes with insufficient responses to anti-VEGFs in patients
switched to DEX who had been receiving three monthly anti-VEGF injections compared
with those who had been receiving more than three monthly anti-VEGF injections [65].

Cataract surgery can induce DME progression as well as the development of DME
in patients with diabetes [28]. Several studies have reported improved functional and
anatomic clinical outcomes in patients with DEX implants during cataract surgery [66–68].
Furino and colleagues conducted a study to evaluate functional and anatomical outcomes
after combined phacoemulsification and intravitreal DEX implantation with standard
phacoemulsification in diabetic patients with cataracts [69]. In the group with combined
phacoemulsification and intravitreal DEX implantation, BCVA improved significantly more,
and central subfoveal thickness decreased more [69]. Although this group had significantly
higher IOP during follow-up at month 3 compared with baseline, IOP remained within the
normal range [69].

Possibilities for future treatment include ziv-aflibercept, which was proposed as a
new recombinant fusion protein and which has a mechanism of action similar to that
of aflibercept; however, it is available at a lower cost than the proprietary anti-VEGF
drug [70]. It was reported to be effective and safe in DME treatment and other retinal
diseases; however, further studies are needed [70,71]. Because of the longer intravitreal
half-life of the new generation anti-VEGF-A inhibitors, including brolucizumab, abicipar
pegol, and angiopoietin combination drugs, improved prolonged edema reduction and
less frequent injections appear to be required [11,28]. The preliminary results of studies
currently in progress have suggested that anti-VEGF-A may have superior effectiveness
compared with approved anti-VEGFs [11,28,72].
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Rivera et al. reported evidence of reduction of DME through the consumption of
lutein. In patients with ME who have lower levels of lutein, lutein consumption prevented
and reduced possible complications [73].

A summary of the treatment options for DME is presented in Table 1.

Table 1. Summary of treatment of diabetic macular edema.

Considered First-Line Treatment Insufficient Response to Anti-VEGF

DME

Intravitreal anti-VEGF injections

# Bevacizumab, ranibizumab,
and aflibercept are the most
used anti-VEGFs, and many
studies have not identified
significant differences in
outcomes between them

# The choice of one anti-VEGF
over another depends on
baseline BCVA

Intravitreal steroid (DEX/FA)
implants

# Sustained drug release for a
specific period

# Acts on different targets than
anti-VEGF agents by reducing
inflammation, decreasing the
disruption of the
blood–retinal barrier, and
interfering with retinal
angiogenesis

# A slow-release 700 µg
dexamethasone intravitreal
implant can be considered as
an option for first-line
treatment in center-involving
DME

# DEX can be considered as
first-line therapy in
pseudophakic patients
without advanced or
uncontrolled glaucoma

# FA can be considered in
pseudophakic patients in
whom DEX has been
well-tolerated

# * TA—has not been approved
for DME

Micropulse laser therapy/
conventional focal laser therapy

# Helps improve or stabilize
visual function and decrease
the macular thickness

# Can reduce the number of
intravitreal injections when
used as a combined treatment

DEX—dexamethasone, DME—diabetic macular edema, BCVA—best corrected visual acuity, FA—fluocinolone acetonide, VEGF—vascular
endothelial growth factor, TA—triamcinolone acetonide, * not an approved treatment.

3.2. Macular Edema Secondary to Retinal Vein Occlusion

Retinal vein occlusion (RVO) includes branch RVO (BRVO), central RVO (CRVO),
and hemi-RVO, which are categorized according to the anatomic location of the occlu-
sion [74]. In all hemorrhages and ME occur, leading to significant visual impairment [75].

Although LP has long been considered a primary treatment option, similar to DME,
it has been replaced by other treatment methods. It was reported that although macular
grid laser treatment reduced vision loss and the risk of vitreous hemorrhage in eyes
with ME due to BRVO, it was ineffective against ME due to CRVO [15,74]. Zhang and
colleagues additionally reported that LP cannot be performed in cases of retinal swelling
with hemorrhage because the laser energy is absorbed and reduced; however, laser therapy
may be used as rescue therapy for ME secondary to RVO [74].

Hayreh et al. has reported that in patients with ME due to RVO who respond poorly
to anti-VEGF therapy or are incapable or reluctant to attend clinics for frequent anti-VEGF
injections, grid laser treatment can be used combined with anti-VEGF therapy [76].

Intravitreal anti-VEGF injections are now considered the first-line treatment for ME
associated with RVO, and their efficacy and superiority over other treatment methods
have been demonstrated in many studies. Qian et al.’s meta-analysis reported that anti-
VEGFs were the most effective therapy for ME secondary to both CRVO and BRVO [77].
The survey study, which was performed among retina specialists in Japan, revealed that
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anti-VEGF therapy was chosen as the first-line treatment for ME secondary to BRVO,
and most specialists (82.4%) selected initial injection followed by a pro re nata (PRN)
regimen; however, the opinions about the initiation and switching therapy varied between
specialists [78]. As additional treatment in refractory cases, laser therapy was reported as
the most common choice (35.9%), with 25.6% selecting vitrectomy, and 15.4% chosing to
add steroid injections [78].

Anti-VEGFs used to treat ME due to RVO are similar to those used to treat DME;
ranibizumab and aflibercept are used on label, whereas bevacizumab and conbercept have
been used off label. Hykin and colleagues performed a prospective study to evaluate the
effectiveness of ranibizumab, aflibercept, and bevacizumab for the management of ME due
to CRVO [16]. They reported that mean changes in vision after 100 weeks of follow-up and
treatment were not inferior with aflibercept than with ranibizumab; however, the mean
number of injections given in the aflibercept group was lower than that in the ranibizumab
group [16]. The mean changes in vision using bevacizumab compared with those using
ranibizumab were similar, suggesting that the effectiveness of bevacizumab was neither
equal nor superior to ranibizumab [16]. Conbercept is one of the newest anti-VEGFs and
provided good treatment results in Chinese patients with RVO in a randomized clinical
trial [79]. Xia and colleagues reported that conbercept significantly reduced retinal struc-
tural remodeling, inflammation, and oxidative stress in mice as well as in patients with ME
due to RVO [75]. However, some patients with severe ME due to RVO did not experience
significant benefit from conbercept [75]. The authors hypothesized that this may have
been because conbercept only inhibits downstream VEGF inflammatory mediators and
does not affect the upstream inflammatory mediators of VEGFs, such as PGE1, PGE2,
and PGF2a [75]. Costa et al. reported that intravitreal anti-VEGF injections are prioritized
over other treatment methods, including macular grid photocoagulation [80]. Compared
with steroid injections, anti-VEGFs are superior because they have fewer side effects;
as with their use in DME, steroids are associated with a higher incidence of increased IOP
and cataract formation [80]. A systematic review and meta-analysis were performed by Liu
and colleagues to evaluate the efficacy of conbercept and ranibizumab with or without LP
in patients with ME secondary to RVO [81]. Both intravitreal conbercept and ranibizumab
therapy with or without LP were effective in improving vision function in patients with ME
secondary to RVO. The two anti-VEGFs did not differ significantly in BCVA improvement
or adverse effects, and they resulted in similar visual gains [81]. However, conbercept
reduced CMT more than ranibizumab with fewer injections [81]. Another systematic
review performed by Spooner and colleagues evaluated 17 studies involving 1070 eyes [15].
It demonstrated that the management and outcomes of patients with CRVO varied greatly;
however, anti-VEGF therapy significantly improved the anatomical and functional out-
comes [15]. Although most eyes obtained a significant visual acuity gain, those treated with
aflibercept and bevacizumab had significantly better outcomes than ranibizumab-treated
eyes [15]. The incidence rates of ocular complications were low, including neovascular
glaucoma (3.6%), vitreous hemorrhage (<1%), glaucoma (1.2%), and neovascular glaucoma
(<1%) [15].

The management of cases refractory to anti-VEGF treatment is an ongoing dilemma,
and therefore, the efficacy of steroids in patients with ME due to RVO has been explored in
several studies. One study hypothesized that inflammation could be the first key mecha-
nism to mechanical injury in RVO, and VEGF up-regulation may occur as a secondary effect
of this inflammatory response [75]. Corticosteroids can significantly reduce inflammation,
retinal vascular permeability, and the regulation of VEGF-A expression, and thus they have
been used for the treatment of ME due to RVO [74]. The intravitreal dexamethasone im-
plant is approved for the treatment of ME due to RVO [74]. Ming and colleagues performed
a meta-analysis on the efficacy and safety of intravitreal DEX implants and anti-VEGFs
for the treatment of ME due to RVO; the review included 4 randomized controlled trials
and 12 real-world studies [19]. The authors reported that DEX implantation resulted in a
comparable or smaller reduction in central subfield thickness (CST) at months 6 and 12 but
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introduced higher risks of elevated IOP and cataract induction [19]. It was concluded that
compared with anti-VEGF agents, DEX implants required fewer injections but had inferior
functional efficacy and safety [19].

The management of central and branch RVO and its long-term effects were evaluated
in a 7-year follow-up study by Arrigo et al. performed in an Italian referral center [82].
Contrary to the previously discussed study, the authors reported that both CRVO and
BRVO eyes exhibited significant visual acuity improvements secondary to intravitreal
anti-VEGF or dexamethasone treatments and a significant reduction in CMT at the end of
the follow-up. Furthermore, the authors highlighted a result that showed that the time
at which the greatest improvement was observed differed between CRVO and BRVO;
an earlier improvement was observed for CRVO (after 12 months of follow-up), and a
later improvement was observed for BRVO (after 24 months of follow-up). However,
after 2 years, both visual acuity and CMT remained stable until the end of follow-up.

Evidence of the value and importance of SML therapy in ME treatment is increasing.
Buyru et al. compared the effects of intravitreal ranibizumab and SML treatment in two
groups of patients with ME due to BRVO [83]. They concluded that the reduction in macu-
lar thickness and the increase in visual acuity were comparable for intravitreal ranibizumab
and yellow SML treatment over 1 year. It was suggested that SML treatment may be useful
in the treatment of ME due to BRVO. Eng and colleagues conducted a literature review
on the efficacy of SML treatment for ME due to BRVO and reported that SML therapy
resulted in a smaller reduction in ME compared with intravitreal anti-VEGF agents [84].
However, the authors concluded that SML treatment could be useful as adjuvant therapy
with intravitreal anti-VEGF agents or steroids. Terashima et al. evaluated the efficacy of
the combined therapy of intravitreal ranibizumab and 577 nm yellow laser SML photoco-
agulation for ME secondary to BRVO [85]. They concluded that combination therapy with
intravitreal injections and SML was effective and decreased the frequency of intravitreal
injections while maintaining good visual acuity. Similarly, a meta-analysis conducted by
Chen et al. concluded that laser therapy combined with intravitreal ranibizumab injections
had a strong effect, promoting its use for the treatment of ME secondary to BRVO in clinical
practice [86].

Nanotechnology (nanocarriers) offers multiple benefits by promoting drug delivery
across tissue barriers, controlling the release of a topically administered drug, improving
bioavailability, and directing drugs to the target tissue [87]. An example of a nanosystem
is the topical ophthalmic TA-loaded liposome formulation (TA-LF), which releases TA
into the vitreous and retina [87]. It was reported to be safe and effective in rabbits as well
as in patients with refractory pseudophakic cystoid ME. Navarro-Partida and colleagues
evaluated its safety and efficacy in patients with ME secondary to BRVO who were given
a topical instillation of one drop of TA-LF (TA 0.2%) six times a day for 12 weeks [87].
The results confirmed its effectiveness; a significant reduction in central foveal thickness
and a significant improvement in BCVA were observed. No adverse events, including
increased IOP, were reported. The authors suggested that as liposomes can function as
nanocarriers of TA, they could allow topical ophthalmic therapy to become the primary
treatment option instead of intravitreal drugs in patients with ME secondary to BRVO.
Cheng et al.’s also showed that liposomes with TA in eye drops could be a new therapeutic
approach for the effective treatment of retinal diseases [88].

Authors have investigated factors associated with the course of the disease and the
response to the treatment. Kida and colleagues hypothesized that increased retinal venous
pressure (RVP) plays an important role in the formation of macula edema; thus, they re-
cently evaluated RVP before and 1 month after intravitreal ranibizumab injection to deter-
mine its effect on RVO-related ME [89]. They concluded that RVP decreased significantly
after treatment; however, it remained significantly higher than the IOP. Rothman and
colleagues assessed the impact of age on ME due to RVO and concluded that patients
younger than 50 years old had higher baseline and final visual acuity, a lower incidence
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of cystoid macular edema at presentation, and received fewer intravitreal injections than
older patients [90].

A summary of treatments for ME due to RVO is presented in Table 2.

Table 2. Summary of treatments for ME associated with RVO.

ME associated with RVO

First-line treatment Cases resistant to anti-VEGF

# Intravitreal anti-VEGF injections
# The superiority of agents in studies

varies
# Anti-VEGFs are chosen on the basis

of baseline VA, drug price, and
availability

# Intravitreal steroid (DEX) implant
# SML/conventional focal laser

therapy as combined therapy

DEX—dexamethasone, ME—macular edema, RVO—retinal vein occlusion, SML—subthreshold micropulse laser, VA—visual acuity,
VEGF—vascular endothelial growth factor.

4. Discussion

ME significantly reduces visual acuity independently of its cause. Long-standing ME
is associated with irreversible visual impairment; thus, the management of this condition
should not be delayed.

The resolution of DME is accompanied by macular atrophy due to permanent damage
to the photoreceptors, and CST is not a reliable indicator of visual acuity, neither as a
prognostic nor as a predictive factor of outcomes [91]. This highlights the importance of
evaluating visual acuity as a functional outcome in studies evaluating the effects of ME
treatment. Most of the studies reviewed evaluated both central retinal thickness and BCVA,
determining its relevance.

Almost all studies comparing laser treatment with other methods of treatment noted
that LP has not been the first-line treatment for DME and ME secondary to RVO for some
time, as it has been replaced by more effective intravitreal anti-VEGF injections [27–29,77,78].

Although a lower incidence of complications was reported with SML treatment com-
pared with conventional laser treatment, SML treatment has not shown superior effec-
tiveness [31–34]. However, the use of a combined treatment may be an effective and
safe alternative for ME treatment and may reduce the number of intravitreal anti-VEGF
injections required [34,35].

Although some studies have reported superior efficacy of certain anti-VEGFs over
others, the agents reported as superior vary. It is accepted that anti-VEGFs are typically
chosen on the basis of baseline VA, drug price, and availability. The new generation of anti-
VEGF-A inhibitors, including brolucizumab, abicipar pegol, and conbercept, are believed
to be superior to the anti-VEGFs currently used in ME treatment because of their longer
intravitreal half-life, higher potency, biochemical properties, and the reduced number of
intravitreal injections required per unit time. However, extended studies and trials must be
completed before the new drugs are approved [11].

Despite the overall efficacy of anti-VEGFs, many patients do not respond to them.
It was reported that only 33–45% of DME patients on anti-VEGF agents showed three lines
or more of visual improvement [28]. Forty percent of patients failed to achieve significant
visual gains despite 6 months of intensive anti-VEGF therapy. ME persisted in 32% to 66%
of eyes and usually affected visual acuity significantly [44].

Despite this, steroids are typically a second choice for both DME and ME due to RVO
and are reserved for those who do not respond to anti-VEGF treatment. However, increas-
ing evidence suggests an association between superior functional (increased BCVA) and
anatomical (reduced CMT) outcomes and beginning steroid treatment earlier [52,61,63–65].
Although steroids are associated with increased IOP and cataract formation [80], this is
not an inevitable outcome for all of the patients treated with steroids, as studies reported
these side effects in less than half of patients. In addition, side effects could be caused not
only by steroids but also by the preservatives used in their preparation [44]. Most of the
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studies reported a significant positive effect of intravitreal steroids in the treatment of ME,
thus highlighting its advantage. The intravitreal FA implant is superior to the DEX implant
because of its longer effect (up to 36 months); however, it is usually used to treat DME
in patients who previously received a course of corticosteroids and did not experience a
significant increase in eye pressure [11]. Furthermore, intravitreal FA was approved for
DME, but it has not yet been approved for ME due to RVO. We did not identify any studies
that compared DEX and FA in terms of effectiveness.

It would appear that, as of yet, a consensus on ME treatment has not been reached,
particularly in cases that are resistant to standard treatment. We assume that artificial
intelligence (AI) may be beneficial in addressing this issue. It was previously reported
that AI was able to accurately predict posttreatment central foveal thickness and BCVA
after anti-VEGF injections in DME patients; thus, it can be used to prospectively assess
the efficacy of anti-VEGF therapy in DME patients [91]. The data regarding AI properties
and possibilities in ME diagnosis and treatment prognosis are increasing [92]. Optical
coherence tomography (OCT) is an indispensable tool for the application of AI as well as
for determining the need for treatment and evaluating its effectiveness in patients with
ME [93]. Until AI is widely and effectively incorporated in clinical practice, established
imaging biomarkers may significantly contribute to DME management. Hyperreflective
retinal foci (HRF) appear as intraretinal hyperreflective dots on OCT in patients with
DME and are reported to be an important imaging marker of retinal inflammation [94].
Kim et al. suggested that patients with an increased number of HRF on OCT should be
more frequently followed up for early intervention because they observed that a higher
number of HRF on the spectral domain (SD) OCT was associated with early recurrence
of DME after steroid implants [94]. It was also reported that the presence of subretinal
fluid, the absence of HRF, and the integrity of the inner segment–outer segment layer could
be OCT biomarkers for superior functional success [55]. Larger cysts (intraretinal cystoid
spaces) are associated with poor visual prognosis, and the size of the cyst is correlated with
the extent of macular ischemia [14]. An increased fundus autofluorescence (FAF) signal
(hyper-autofluorescence) was associated with declining visual acuity and an increase in
the macular thickness on OCT [95]. This highlights the properties of FAF as an additional
tool that may help monitor the progression of DME and its response to treatment.

5. Perspectives

New therapies, including anti-VEGF-A inhibitors (brolucizumab and abicipar pegol),
are under investigation and may be more effective in ME treatment compared with pre-
vious anti-VEGFs [11]. A suprachoroidal TA delivery system in DME patients has been
investigated as well, and the preliminary results are promising [96]. Nanotechnology was
reported to be safe and beneficial in its ability to ensure TA delivery to the retina using
topical drops.

The SML is absorbed by xanthophyll pigment, allowing for treatment close to the
fovea [84]. It can promote the absorption of edema, hemorrhage, and exudation, and it can
improve the retinal oxygen supply and reduce vascular permeability [86]. This relatively
new laser technique is superior to a conventional laser because it does not cause structural
damage to the retina. Although SML therapy has not shown superiority when used alone in
ME treatment, in most of the reviewed studies, SML therapy was reported to be an effective
additional treatment method when combined with intravitreal anti-VEGF injections in the
treatment of DME and ME due to RVO. Both methods have some limitations and possible
complications; however, when combined, they not only effectively reduce ME and increase
VA but also reduce the number of intravitreal injections. Therefore, this combined treatment
could lower healthcare costs and the burden on patients by reducing the frequency of
clinic visits.

With the emerging era of AI, this technology may soon be beneficial in selecting the
most effective and appropriate treatment in patients with ME. Promising results were
reported in a recent study performed by Gallardo and colleagues [97]. They used machine
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learning classifiers to predict low and high anti-VEGF treatment demands for patients
with DME, RVO, and neovascular age-related macular degeneration treated according to
a treat-and-extend regimen. The authors highlighted the ability to predict the low and
high treatment demands in all groups of patients with similar accuracy, along with the
capability to predict low demand at the first visit before the first injection. Further research
is needed to establish the individual treatment demands for patients and consolidate the
properties of AI in clinical practice.
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Abstract: Uveitic macular edema (ME) is a frequent complication in 8.3% of uveitis patients and

is a leading cause of serious visual impairment in about 40% of cases. Despite the numerous

available drugs for its treatment, at least a third of patients fail to achieve satisfactory improvement

in visual acuity. First-line drugs are steroids administered by various routes, but drug intolerance

or ineffectiveness occur frequently, requiring the addition of other groups of therapeutic drugs.

Immunomodulatory and biological drugs can have positive effects on inflammation and often on the

accompanying ME, but most uveitic randomized clinical trials to date have not aimed to reduce ME;

hence, there is no clear scientific evidence of their effectiveness in this regard. Before starting therapy

to reduce general or local immunity, infectious causes of inflammation should be ruled out. This

paper discusses local and systemic drugs, including steroids, biological drugs, immunomodulators,

VEGF inhibitors, and anti-infection medication.

Keywords: macular edema; uveitis; uveitic complications; non-steroidal anti-inflammatory drugs;

steroids; biologic treatment

1. Introduction

Uveitis is a common cause of blindness, especially at working age and in low- or
middle-income countries [1,2]. There are many causes of blindness or significant visual
impairment in patients with uveitis, but the most common and important is macular edema
(ME), which affects about 40% of patients with 20/60 visual acuity or less, according to [3].
There are many causes of ME, but secondary edema caused by uveitis has perhaps one of
the most complex and varied pathomechanisms [4]. ME occurs in 8.3% of non-infectious
uveitis patients [4]. It can persist without any sign of concurrent inflammation, but active
inflammation can make ME difficult to treat.

Inflammatory ME is a complication of a heterogeneous group of diseases with complex
etiologies, which makes multicenter clinical trials for uveitic ME difficult and expensive,
and a lack of high-quality evidence-based medical data hinders guideline development.
Despite the striking increase in related studies in recent decades, many clinical decisions in
uveitis cases are not supported by strong scientific evidence. This paper therefore reviews
the available methods of treating ME, together with their advantages and disadvantages,
and indicates appropriate therapies for specific clinical situations. Proper uveitis manage-
ment that considers the etiology in a specific case is sometimes enough to restore normal
retinal thickness, but many patients require additional treatment dedicated to ME. Infec-
tious cases, in which an eradication of the infection suffices, are an exception. Thus, this
paper proposes treatment for ME following infections, focusing on the treatment of ME
itself rather than etiological factors. Acute treatment usually involves the use of steroids
via various routes of administration. Long-term treatment, however, should avoid the use
of steroid drugs because of their common side effects.
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2. Infectious Uveitis

Anti-Infection Agents

ME may be secondary to an infection, and aggressive steroid or intravitreal treatment
should not be started until infection has been ruled out. Table 1 lists the most common
pathogens involved in ME, together with examples of treatment regimens. Besides the
pathogens listed in the table, many other viruses, bacteria, fungi, and parasites can be
responsible for ME.

Table 1. Common infectious causes of uveitis and ME (in alphabetical order) along with treatment options.

Pathogen Examples of Treatment Regimens

Bartonella sp.

Treatment remains controversial.
Doxycycline 100 mg bid, alone or in combination with rifampin 300 mg bid; fluoroquinolones;
or macrolides + steroids (e.g., Prednisolone 60 mg/day). Treatment should continue for a
few weeks [5].

Borrelia sp.
Oral doxycycline 100 mg bid or intravenous ceftriaxone 1 g/day + steroids (e.g., oral
prednisolone 1 mg/kg/day) [6].

Herpes sp.
Oral Valacyclovir 1–3 g/day or acyclovir 5 × 800 mg/day + intravitreal foscarnet 2.4
mg/0.1 mL twice weekly [7].

Mycobacterium tuberculosis
Multidrug therapy with four drugs (isoniazid, rifampin, ethambutol, and pyrazinamide)
according to the country’s health policy [8].

Treponema pallidum (syphilis)
Intravenous aqueous penicillin G 18–24 MU/day
every 4 h for 10–14 days + oral or intravenous steroids [9].

Toxocara sp.
Poor visual outcomes are common despite treatment: albendazole + steroids or vitrectomy in
severe cases [10].

Toxoplasma sp.
Oral six-week course of clindamycin, pyrimethamine “ sulfadiazine, or
trimethoprim/sulfamethoxazole + a tapering course of oral prednisolone (1 mg/kg) [11].

3. Non-Infectious Uveitis

3.1. Local Treatment

The advantage of local eye treatment is usually its negligible effect on other organs.
The disadvantage is that it treats only one eye, whereas inflammatory ME often affects
both eyes. Moreover, obtaining a high drug concentration requires either a frequent use
of the drug or an invasive administration route. The emergence of long-acting drugs
administered locally has contributed to the increasing popularity of such treatment.

3.1.1. Topical Steroids

Corticosteroids are first-line agents for addressing inflammation in most acute uveitis
cases. However, the topical route of administration limits their effectiveness to only mild
ME following anterior uveitis. Dexamethasone can be used frequently. Usually, when
initiating treatment for acute anterior uveitis, corticosteroids are given every 1 h except
during the night. Although application every 15 min can be even more effective, this
dosing is only possible for a brief period. As the inflammation subsides over the following
days or weeks, the eye drops can be used less frequently, but discontinuation of treatment
before at least a few weeks may cause a rapid relapse. In terms of ME, it can be used only
in cases of anterior uveitis—usually for patients with rather mild or no ME. No reports
have confirmed their efficacy for treating uveitic ME.

3.1.2. Topical Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)

The activity of cyclooxygenases during inflammation promotes the increased produc-
tion of prostaglandins, which in turn increases vascular permeability and contributes to
ME. Although NSAIDs seem to be an excellent treatment choice, pseudophakic ME does
not share the same cytokine profile as uveitic ME, and clinical trials have not confirmed
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the efficacy of topical drugs; hence, they are now used for pseudophakic ME or as a con-
troversial adjunct to corticosteroids for uveitis. Their effectiveness for uveitic ME has not
been clearly proven, and their effects are often of borderline statistical significance [12].
Scientific publications have mentioned, for example, bromfenac and nepafenac for this
indication [13,14]. Usually, NSAIDs are administered three times daily, but bromfenac
seems to be sufficient twice a day for pseudophakic ME [13].

3.1.3. Topical Interferons

Topical interferons are used off-label because there is no topical formulation on the
market, but they should be prepared by a pharmacy. In many countries, the availability
of INF-α2a (Roferon-A®) or INF-α2b (Intron-A®) is limited, and scientific reports on their
topical administration are also limited; consequently, they are rarely prescribed. INF-α and
TNF-α have opposite effects in inflammation. Reports have shown the efficacy of topical
administration four times a day for both uveitic and diabetic ME [15–17].

3.1.4. Periocular Steroids

Periocular drug administration can be divided into subconjunctival, peribulbar, and
retrobulbar injections; injections under the Tenon capsule; and a relatively new route,
suprachoroidal injections. In each of these cases, the drugs used for uveitic ME are steroids.

Subconjunctival Steroids

For inflammation in the anterior region of the eye, subconjunctival steroids are often
used, but their use for ME is much less frequent and is associated with lower penetration into
the posterior region and a relatively short duration of action, especially for dexamethasone.

Frequent (e.g., five times a day) subconjunctival dexamethasone injections increase
steroid concentration in the eye, but are inconvenient for the patient and the ophthal-
mologist, and the efficacy is transitory. Since treatment of ME is necessarily long term,
dexamethasone administration is not used for this purpose.

The use of long-acting steroids seems to be the right choice for subconjunctival admin-
istration. However, although further studies have been called for, especially for economic
reasons, no multicenter randomized studies have compared this option with others [18].

So far, the published results for such treatment are promising—CST reduction occurs
in most patients, with accompanying improvement in visual acuity and relapses in only
about a quarter of patients six months after an injection [19]. Unfortunately, this route of
administration can have side effects, especially in the form of an increase in IOP (25% of
participants), with some patients requiring surgical rinsing out of triamcinolone.

Other reported local side effects, such as conjunctival ulceration, necrosis, and infec-
tious scleritis, are rare [20,21].

Subtenon/Peribulbar Steroids

Injections under the Tenon capsule have been performed for over 50 years, and
although the first report concerned optic neuritis [22], it was quickly realized that this
route was also useful for uveitis [23]. A complication for ophthalmologists performing
this procedure is possible perforation of the eyeball, which can be avoided by moving the
needle sideways during the injection.

As with the administration of steroids by other routes, an increase in IOP is a common
adverse effect depending on the dose and location of the drug [24]. Rearward injections
appear to have a lower risk of significantly increasing IOP [25].

Elevated IOP (>21 mm Hg) can be expected in about 15–20% of uveitic patients
following triamcinolone injections, and an increase in IOP above 5 mm Hg has been
observed in roughly a third of patients [26]. However, some papers have reported ocular
hypertension in more than 75% of patients receiving subtenon triamcinolone, with a 23%
incidence of glaucoma in the follow-up period [27].
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Suprachoroidal Route

The method of delivering medications between the choroid and the sclera was devised
to increase the concentration of drugs in the posterior pole of the eye more effectively
than administration under the Tenon capsule or into the vitreous. This method is still
under investigation, but the results so far are very promising, with a special triamcinolone
formula administered in this way being developed. The results of the six-month phase 3
PEACHTREE study showed that the efficacy and safety profile was satisfactory, and this
was confirmed by the MAGNOLIA study. Almost half the patients who were treated with
suprachoroidally injected triamcinolone acetonide formulation (CLS-TA)—a suspension of
triamcinolone acetonide—gained 15 or more ETDRS letters for BCVA versus 16% in the
control group (p < 0.001), and the mean improvement was 9.6 versus 1.3 letters. The mean
reduction in CST from the baseline was 153 µm versus 18 µm (p < 0.001), and elevated
intraocular pressure occurred in 11.5% and 15.6% of the CLS-TA and control groups,
respectively. Cataract AE rates were also similar (7.3% vs. 6.3%, respectively). The control
group received sham injections. However, this leaves the basic question unanswered:
Would administering triamcinolone periocularly in a different way or directly into the
vitreous achieve better results? [28]

3.1.5. Intravitreal Route

A high drug concentration can be obtained by an injection into the vitreous. Currently,
intravitreal injections are the most frequently performed invasive ophthalmic procedure in
the world due to the introduction of VEGF inhibitors. Although uveitis is not one of the
most common indications for their use, they have often proved effective. Uveitis can lead
to the development of choroidal neovascularization, so treatment with VEGF inhibitors is
the treatment of choice, but anti-VEGF agents are often used successfully for inflammatory
ME. Nevertheless, steroids are the primary medications administered intravitreally for
uveitis. Unlike previous routes of drug administration, there is a possibility of infectious
pathogens entering the vitreous, causing a risk of endophthalmitis. This risk is especially
significant in the case of steroids (up to about 0.15–0.5% of injections) [29–31].

Steroids

Currently, some steroids are used intravitreally, differing primarily in their duration of
action but sharing common side effects. Although the longest possible duration of action is
always crucial for treating ME, treatment should not begin with the longest-acting steroids.
The initial use of shorter-acting drugs prevents a surprise increase in IOP and the potential
need for a vitrectomy to remove the steroid from the vitreous chamber. Despite the known
differences between steroids, specific pharmacokinetics in particular patients have hardly
been estimated, and there can be notable differences in the duration of action after using
the same drug. Although triamcinolone is assumed to be shorter acting than Ozurdex®, it
is impossible to predict the specific duration of action before its first use in a patient.

Triamcinolone acetonide is one of the most common intravitreally injected steroids
that is used off-label, and there are many pharmacological triamcinolone products on the
market. For many years, it was believed that the benzyl alcohol (preservative) content
increased the risk of sterile endophthalmitis, especially in the presence of uveitis. Although
this cannot be fully ruled out, studies have also suggested that the triamcinolone crystal
size is more important than the preservative composition [32]. Due to limited solubility
of triamcinolone, the desired concentration in the vitreous lasts for about three months
after a single injection. The most common dose is 4 mg, but 2 mg is also used. Significant
improvement in visual acuity has been observed in about 50% of patients. In most cases,
repeated injections are needed to avoid ME relapses. Cataract progression relates to the
number of injections, and 4–5 administrations almost always result in cataract formation.
Increased IOP (in 20–45% of patients) is usually transient and easily managed with IOP-
lowering medication.
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The remaining drugs in this group are steroid devices, which, by slowly releasing
the active substance (dexamethasone or fluocinolone), ensure many months or years of
action. Because the implantation of such devices is more difficult than intravitreal injections,
comparatively major surgical complications can be expected. In a retrospective analysis
of 1241 dexamethasone implantations, 1.69% procedures led to complications, including
displacement of the implant by corneal decompensation or hypotony, especially with
preexisting risk factors (e.g., in post-PPV eyes) [33].

Ozurdex® (a 700-µg dexamethasone intravitreal implant; AbbVie, Chicago, IL, USA) is
a polymer-based, sustained-release corticosteroid formulation implanted into the vitreous,
which has the shortest duration of action among the polymer drug group. The HURON
study found that the proportion of eyes with a vitreous haze score of 0 at week 8 was 47%
with a dexamethasone implant and 12% with a sham (p < 0.001)—a benefit that persisted
through week 26. However, in terms of ME, a significant decrease in CST was seen at week
8, which did not persist until week 26 [34].

In the POINT six-month trial, periocular triamcinolone acetonide (PTA), intravitreal
triamcinolone acetonide (ITA), and an intravitreal dexamethasone implant (IDI) were
directly compared with randomization at 1:1:1. The study aimed to measure their influence
on ME relative to the proportion of CST at baseline and CST at eight weeks (CST at
8 weeks/CST at BL) assessed with optical coherence tomography (OCT). Reductions of
23%, 39%, and 46% for PTA, ITA, and IDI were observed, respectively; thus, the intravitreal
route was superior, but with no difference between drugs. The risk of an IOP of ≥24 mm
Hg was higher in the intravitreal treatment groups than in the periocular group (95%
CI: 1.83, 0.91–3.65 and 2.52, 1.29–4.91 for ITA and IDI, respectively), with no significant
difference between the two intravitreal treatment groups [35].

Ozurdex® insertion must be repeated more often than with Retisert® or Iluvien®, so it
is inconvenient to compare adverse events with those for other sustained-release devices.
In a retinal vein occlusion (RVO) 24-month trial, cataract progression was observed in
almost 40% of patients and an IOP increase in about 35% [36]. Since implantations can
lead to vitreous infections, they can increase the risk of endophthalmitis compared to other
steroid devices.

Iluvien® (a 0.19 mg fluocinolone acetonide intravitreal implant; Alimera Sciences Ltd.,
England, UK) continuously releases 0.2 mg/day of fluocinolone to the posterior segment of
the eye over a 36-month period. In a 36-month randomized trial, the time to first recurrence
of uveitis was substantially longer than for the sham group—657 versus 70.5 days. ME was
an additional outcome—more than two times fewer patients had investigator-determined
ME in the treatment group than in the sham group (13.0% vs. 27.3%). It is worth noting
that this result was not statistically significant (p = 0.079) and was mentioned only in the
main text of the paper. Adjunctive treatment was received by 95.7% of patients in the sham
group and 57.5% in the treated group, but the impact of these additional therapies on ME
could not be determined. The lack of statistical significance could have been related to
the size of the treated group—only about 60% of people had edema at the baseline, so the
sample size was not sufficient for confirming ME. IOP-lowering medications were needed
for 42.5% of the treated eyes and 33.3% of the sham group. Glaucoma surgery was needed
for 11.9% of the treated eyes and 5.7% of the sham group. Furthermore, 73.8% versus 23.8%
of phakic eyes required cataract surgery, respectively, in the treated and sham groups [37].

Retisert® (a 0.59 mg fluocinolone acetonide intravitreal implant; Bausch & Lomb,
Rochester, New York, NY, USA) is a sustained-release system designed to deliver corti-
costeroids inside the eye for up to 30 months. ME was a secondary efficacy outcome in a
36-month historically controlled clinical trial; since there was no control group, reduction of
ME areas relative to ME in the fellow eyes were analyzed. Uveitis recurrence was reduced
in implanted eyes from 62% (during the one-year preimplantation period) to 4%, 10%, and
20% (during the one-, two-, and three-year postimplantation periods, respectively). At the
one- and three-year visits, the CME area was reduced in 86% and 73% of implantation cases
compared with 28% and 28% in fellow nonimplanted eyes, respectively. An 80% reduction
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in systemic medications was needed as an adjunctive therapy during the postimplantation
period. However, it was difficult to accurately trace the changes in concomitant treatment
and their potential impact on ME from the article text. A greater than 10 mm Hg increase in
IOP was noted in 67% of patients after implantation, and 40% of patients required glaucoma
surgery. Over 90% of patients required cataract surgery in the fluocinolone implanted eyes
during the study (compared to 20% in the fellow phakic eyes) [38].

VEGF Inhibitors

An increasing number of anti-VEGF agents have entered the market. Although a few
have been registered for ophthalmology, this registration does not apply to uveitic ME;
therefore, treatment, regardless of the choice of drug, is off-label. For patients who are
steroid intolerant or phakic, VEGF inhibitors could be the treatment of choice. VEGF is a
major vascular permeability factor and is heavily involved in the development of uveitic ME
of various origins [39]. Given how frequently VEGF inhibitors are used in ophthalmology, it
may come as a surprise that so little scientific evidence has been published for their efficacy
in uveitic ME. Unlike steroid preparations, no VEGF inhibitors have such long durations of
action. Currently, bevacizumab, ranibizumab, and aflibercept are used for other indications,
but it is worth noting that anti-VEGF drugs—particularly brolucizumab–have the potential
to cause inflammation, including occlusive retinal vasculitis [40]. No specific anti-VEGF
treatment regimen for uveitic ME has been proposed so far. It is not known whether VEGF
inhibitors should be used for people with infectious uveitis and ME, in cases where the use
of immunosuppressing drugs may be harmful. It is also unclear whether it is necessary to
wait for the inflammation to decrease or be eliminated before starting this treatment. Some
studies have reported positive effects of anti-VEGF drugs (ranibizumab, bevacizumab,
and aflibercept) on uveitic ME; the administration of subsequent injections was usually
associated with a relapse or worsening of edema measured by OCT [41–43].

Immunomodulatory Agents

Methotrexate—an antifolate antimetabolite—can be injected into the vitreous to avoid
systemic manifestations of adverse effects when inflammation is still active. In a prospective
case study with 15 participants who all had intermediate or posterior ME or panuveitis,
400 µg/0.1 mL methotrexate was administered, and it improved ocular inflammation
scores. On average, macular thickness decreased from 425 to 275 µm over the six-month
period of observation. One third of patients relapsed at a median time of four months, but
reinjection was as effective as after first injection. One (pseudophakic) patient developed
corneal decompensation—which could be treated with topical folinic acid [44]. Although
a larger study was conducted, it provided no detailed data regarding ME [45]. Cataracts
are likely to develop less frequently with methotrexate than with steroid drugs, but due
to short treatment times and small sample populations, it was impossible to identify the
incidence of cataract as an adverse event in those groups.

Intravitreal sirolimus—an mTOR inhibitor—may be effective in some cases of uveitic
ME; however, the SAVE-2 trial failed to achieve statistical significance in reducing ME.
It may be crucial to select the right patients for sirolimus treatment of ME, since some
participants showed significant improvement and others worsened during treatment [46].

3.2. Systemic Treatment

3.2.1. Steroids

Systemic steroids are very effective for treating uveitic CME, but their use is limited
due to their numerous systemic side effects. Discontinuation of medication often results
in a recurrence of edema, necessitating re-treatment and associated adverse events. It is
important to identify a personalized minimal effective dose—usually starting with 0.5–1 mg
of prednisone/kg or an equivalent dose of other steroids [47]. The most used medications
include oral prednisone and methylprednisolone. Systemic steroids are chosen more
frequently for bilateral cases than for unilateral cases. ME is one of the factors contributing
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to the choice of oral steroids for uveitis, but oral corticosteroids are also one of the major
strategies in relapse in uveitis without ME [48]. The side effects of systemic steroids
are numerous and usually dose-dependent; therefore, chronic oral use is almost always
destructive to the human body, from the skeletal system to the brain [47].

3.2.2. Immunomodulatory Agents

Systemic treatment with immunosuppressive agents can effectively reduce ME associ-
ated with active inflammation. However, patients should be made aware that immunomod-
ulating drugs are not panaceas for ocular complications. Evaluating immunosuppressive
therapy in uveitis is very challenging. Only 19 randomized clinical trials of immunomodu-
lating drugs for intermediate and posterior uveitis could be found in the medical databases,
but these studies did not always present ME data, or the researchers observed positive
trends toward reducing macular thickness but without statistical significance [49]. In the
absence of relevant data, a retrospective analysis was warranted. This was conducted by
the SITE study, which examined the past use of antimetabolites, T-cell inhibitors, alkylating
agents, and other immunosuppressives based on the medical records of approximately
9250 uveitis patients at five tertiary centers over 30 years [50]. Of more than 1500 eyes,
52% showed improved visual acuity of at least the equivalent of two lines on an ETDRS
chart [51]. Negative prognostic factors—snow banking (not snowballs), posterior synechiae,
and hypotony—were also identified. The SITE study aimed to check whether the most-
used immunosuppressive drugs led to increased cancer-related or overall mortality. The
results suggested that tumor necrosis factor inhibitors could increase mortality, but this was
not evident in patients treated with azathioprine, methotrexate, mycophenolate mofetil,
ciclosporin, systemic corticosteroids, or dapsone (only cyclophosphamide was an exception
among immunomodulatory agents) [52].

3.2.3. Biologic Agents

No completed or ongoing clinical trials have confirmed or contradicted the efficacy
of anti-TNF agents for uveitic ME [53]. However, based on some reports, it seems that, in
at least some patient groups, subcutaneous TNF-alpha inhibitors may be effective for ME
when used at standard doses [54].

3.2.4. Interferons

In a two-pronged study, either interferon beta 44 mg was administered subcutaneously
three times weekly or 20 mg MTX was administered subcutaneously once weekly; macular
thickness decreased by a mean of 206 µm in the interferon group but increased by 47 µm in
the methotrexate group (p < 0.0001) [55].

Interferon alpha2a has been used successfully to treat Behçet’s disease and other types
of uveitis (about 60% efficacy in reducing inflammation). It can be even more effective
for treating uveitic ME—one study reported control of ME in more than 80% of patients
receiving subcutaneous interferon alpha2a [56]. Major but rare side effects (in about 5% of
patients) include severe depression, neutropenia, and optic neuritis [56].

Currently, in many countries, access to the abovementioned interferons is very limited.

4. Surgical Treatment—Pars Plana Vitrectomy

Surgical treatment of uveitic ME remains a third-line therapy in most cases due to the
significant risk of complications. However, pars plana vitrectomy should be considered
for patients for whom the accumulation of inflammatory cytokines in the vitreous plays
a dominant role. Some patients withstand vitrectomy surprisingly well, such as those
with Fuch’s syndrome and severe vitritis. Heterogeneous visual improvement after uveitis
treatment applies to almost all therapeutic modalities but is especially significant for PPV
patients. It can be difficult or even impossible to distinguish the effects of haze and edema
reduction. In many cases, the change in visual acuity may be attributed to a reduction in
inflammation. In fact, post-PPV CST may remain near baseline with possible intravitreal
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drug pharmacokinetic deterioration; for example, triamcinolone acetonide has an 18.6-day
half-life in non-vitrectomized eyes versus only 3.2 days in vitrectomized eyes [57]. A direct
comparison of general treatment and PPV favored systemic medication [58].

Ophthalmologists should be aware that in some patients with uveitis, inflammation
can increase as a result of surgery, usually requiring increased doses of previously used
drugs or the initiation of more extensive therapy. The risk–benefit ratio is often low, so the
decision to perform PPV (e.g., in patients with inflammatory epiretinal membranes) should
not be made too hastily.

The effect of PPV on the pharmacokinetics of intravitreal drugs is not well understood
and has been investigated mainly in animal studies. However, it seems that the duration
of therapeutic drug action in vitrectomized eyes is quite short, meaning that, in some
cases, VEGF inhibitors may be administered as often as every two weeks [59]. Thus, PPV
potentially increases the role of long-acting drugs such as dexamethasone implants in this
patient group.

5. What to Consider When Choosing a Treatment

Many factors should be considered when choosing a treatment, since the effectiveness
of treatments may vary from patient to patient. When deciding on a specific treatment
method, the questions in Table 2 can be used in conjunction with the short pros/cons listed
in Table 3.

Table 2. Questions facilitating the choice of treatment of uveitic ME.

Questions Remarks

1. Has the patient been treated for ME? What were the effectiveness and
complications of this treatment? Can the dose be adjusted to improve
them? Is it better to repeat them, or does the response to this treatment
suggest a need for change?

Previous treatment effects can be crucial when choosing an appropriate
treatment regimen. Be sure to ask whether the patient has been treated
previously by other ophthalmologists.

2. What complications should I especially avoid in this patient; for
example, due to (a) advanced glaucoma changes, (b) age, (c) general
diseases, (d) accompanying ocular changes, (e) the mental state of the
patient, and/or (f) the expected compliance with
medical recommendations?

ME is usually not the patient’s only problem. Chronic use of steroids or
interferons in general can be dangerous in terms of the patient’s
physical condition and mental health.

3. How often should I monitor and treat the patient—may I miss side
effects or the need for additional treatment due to too infrequent
follow-up visits?

IOP generally increases shortly after administration of
periocular/intravitreal steroids; hence, after 1–2 weeks, it is worth
checking the scale of this increase. VEGF inhibitors may not be effective
for more than one month in many CME cases. This should be checked
early in OCT, especially when starting therapy.

4. Is the patient a steroid responder for IOP?

If so, avoid local steroids unless pharmacological anti-glaucoma
treatment is expected to be sufficient to normalize the IOP. In this case,
do not start vitreous injections. Topical or posterior subtenon
administration will be safer, although less effective, especially for the
first option.

5. In the event of cataract formation, will it be safe to implant an
artificial intraocular lens?

If not, try to avoid periocular/intravitreal steroids or intravitreal
methotrexate. Administer oral steroids in carefully controlled doses.

6. Can a change in macular retinal morphology, especially a reduction in
macular thickness, improve visual acuity?

Often, based on previously observed values, the patient’s prognosis of
improved vision can be estimated. Sometimes aggressive treatment will
only improve the OCT cross-section.

7. Do both eyes need ME treatment, or is there a case for focusing on
treating the eye with the best prognosis or only the one with edema?

Treatment of both eyes can often be easier with systemic medication.

8. Do the treatment results so far suggest that a combined therapy may
be needed?

Systemic and local medications can complement each other, but they
reduce the comfort of therapy.

9. Is inflammation still active? Is intense inflammation the main cause of
the edema?

A cytokine storm is not a good time to focus on the ME itself. If the
inflammation is not under control, ME treatment may be ineffective or
have only short-term effects.

32



J. Clin. Med. 2021, 10, 4133

Table 3. Advantages and disadvantages of individual therapeutic options for uveitic ME. Signs in the table: -, +/-, +, ++,
+++ are ranked from least to most favorable, respectively.

Treatment Efficacy Safety Supported by EBM Data
Duration of Action

(Single Administration)
Cost

Topical steroids - ++ - - +++

Topical NSAIDs - +++ - - +++

Subconjunctival triamcinolone + ++ + + +++

Periocular/subtenon
triamcinolone/methyloprednisolone

++ + ++ + +++

Intravitreal triamcinolone +++ + ++ ++ +++

Ozurdex® +++ + ++ ++ +

Iluvien® +++ + ++ +++ +

Retisert® +++ + ++ +++ +

Intravitreal VEGF inhibitors + ++ + + ++

Systemic steroids ++ + ++ - +++

Systemic immunomodulatory drugs ++ ++ + +/- +++

Systemic biologic treatments ++ ++ +/- +/- ++

5.1. Bilateral Versus Unilateral CME

Avoidance of general side effects from chronic medication use favors the choice of
local treatment, especially when the edema affects only one eye. When ME is bilateral,
the benefits of local treatment are less obvious, but it can still prevent many side effects.
An ophthalmologist’s decision not to treat both eyes simultaneously can also reduce the
patient’s comfort, leading to more frequent visits. Although there is no conclusive evidence
of an unfavorable response to bilateral treatment with intravitreal injections in both eyes,
ophthalmologists should be aware that the incidence of complications in uveitis is higher
than with routine administration of VEGF inhibitors for age-related macular degeneration
(AMD) [60]; hence, the simultaneous administration of intravitreal steroids in both eyes
may not be the optimal choice.

5.2. Age

Treatment at a young age is a negative prognostic factor, although uveitic ME is more
common at an advanced age [61]. Young people not only develop a more aggressive
form of the disease more frequently, but due to their longer potential life spans, they
may experience more frequent relapses, and their retinas, despite morphological changes,
will have to function for longer periods. The treatment for young people may therefore
have to be very intensive. ME, unlike retinal neovascularization, does not cause rapid
and permanent vision-threatening changes; however, especially for young patients, quick
initiation of effective treatment is highly recommended.

5.3. Phakic Status

This factor relates to the previous one. Although ME is more critical than the potential
for cataract formation, it is important to remember that the lens removal procedure itself
may exacerbate inflammation. Moreover, removing a young person’s lens is a greater
injury than it would be for a person with presbyopia. The use of multifocal intraocular
lenses is not a good choice during cataract surgery in patients with uveitis, mainly for
retinal reasons. Both for the patient and the ophthalmologist, because of the possible need
to perform a vitrectomy, both epiretinal membrane (ERM) and internal limiting membrane
(ILM) peeling are technically much more difficult in the presence of such lenses.

Ocular complications of cataract surgery in uveitis can be significant, and in some
groups of patients—especially younger patients—even the use of biological drugs does
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not significantly reduce this risk [62]; thus, intravitreal steroids should be avoided if the
prevention of cataract surgery is desirable.

5.4. Economy

The choice of treatment does not always depend on strictly medical reasons. The
scope of reimbursement for particular methods, or their availability in a given country,
may key factors determining the method of treatment.

5.5. Combined Treatment

In the absence of available evidence-based medicine (EBM) data on combination
therapies for uveitic ME, there are no clear indications in this regard. Available drug
interaction data should be consulted to avoid interactions that may cause side effects or
show similar mechanisms of action. One possible option is the use of a local corticosteroid
along with systemic immunomodulatory and/or biological therapy.

6. Conclusions

It is impossible to identify a single treatment regimen that covers most clinical sit-
uations in uveitic ME, and regimens can be error-prone in many cases; therefore, the
author recommends asking some basic questions for each patient in order to choose a
course of action that is both safe and effective. The questions should primarily relate to the
patient’s safety.

In many of the studies cited above, only half the patients responded well to ME
treatment. Discussion with the patient is therefore important for deciding on an optimal
treatment, including complex combined therapy, and this may take time and many attempts.
If the patient is dissatisfied with the effects of a treatment and changes his doctor, previous
attempts to identify an optimal treatment may be unnecessarily repeated. Cooperation
based on trust is particularly important for treating ME, as it is for other chronic diseases.
Acute treatment usually involves the use of steroids via various routes of administration,
but long-term treatment should avoid steroid drugs because of their common side effects.
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Abstract: Irvine–Gass syndrome (IGS) remains one of the most common complications following

uneventful cataract surgery. In most cases, macular edema (ME) in IGS is benign, self-limiting, and

resolves spontaneously without visual impairment; however, persistent edema and refractory cases

may occur and potentially deteriorate visual function. Despite the relatively high prevalence of

IGS, no solid management guidelines exist. We searched the PUBMED database for randomized

clinical trials (RCT) or case series of at least 10 cases published since 2000 evaluating different

treatment strategies in patients with cystoid macular edema (CME). The search revealed 28 papers

that fulfilled the inclusion criteria with only seven RCTs. The scarceness of material makes it

impossible to formulate strong recommendations for the treatment of IGS. Clinical practice and

theoretical background support topical non-steroidal anti-inflammatory drugs (NSAIDs) as the

first-line therapy. Invasive procedures, such as periocular steroids, intravitreal corticosteroids, and

anti-vascular endothelial growth factor (anti-VEGF), are usually applied in prolonged or refractory

cases. Results of novel applications of subthreshold micropulse laser (SML) are also promising and

should be studied carefully in terms of the safety profile and cost effectiveness. Early initiation of

invasive treatment for providing better functional results must be examined in further research.

Keywords: Irvine–Gass syndrome; cystoid macular edema; pseudophakic cystoid macular edema;

NSAIDs corticosteroids; anti-VEGF; subthreshold diode micropulse

1. Introduction

Postoperative cystoid macular edema (CME) remains one of the most common compli-
cations of intraocular surgery. It is defined as a presence of intraretinal fluid (IF) spaces or
central macular thickening (CMF) in optical coherence tomography (OCT) examination [1].
Irvine–Gass syndrome (IGS), sometimes named pseudophakic cystoid macular edema
(PCME), is a cystoid macular edema that develops following uneventful cataract surgery.
It was first described in 1953 by Irvine and studied using fluorescein angiography (FA) by
Gass and Norton in 1966 [2,3]. Irvine–Gass syndrome remains the most common cause of
decreased visual acuity after uneventful cataract surgery [4]. In most cases, no treatment is
indicated as it resolves spontaneously, but persistent edema may also occur. Hunter et al.
reported that 26.8% of eyes with pseudophakic CME did not recover 6/6 vision [5].

The incidence of Irvine–Gass syndrome varies among studies and is highly dependent
on the diagnostic criteria [6]. Diagnosis is made based on clinical findings along with
visual impairment or based on the presence of FA leakage or IF on OCT scans. OCT shows
cystic intraretinal spaces on high-resolution cross-sectional scans of the macula that can
be accompanied by mild photoreceptors detachment [4,7]. The early phases of FA show
macular leakage, and as FA helps to rule out other causes of macular edema (ME), it
remains a gold standard as a diagnostic tool [8] when used with the OCT.

Clinically significant CME impairing patients’ vision is found in 1–2% of patients
with its peak 6 weeks following surgery, but subclinical CME can be seen in about 30%
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of patients in FA and up to 40% in OCT [4,7,9]. The risk factors include the presence of
epiretinal membrane, history of uveitis, diabetes mellitus, and use of topical medications
for glaucoma.

Several models have been considered, but multifactorial inflammatory origin seems
to play a major role in the pathophysiology of Irvine–Gass syndrome. Surgical manipu-
lation causes significant release of inflammatory mediators, including arachidonic acid,
cytokines, lysozyme, and vascular endothelial growth factor (VEGF). The inflammatory
cascade impairs the blood–aqueous and blood–retinal barriers and promotes vascular
permeability [10,11]. Fluid accumulates in the outer plexiform and inner nuclear layers,
creating cystic intraretinal spaces that coalesce to larger fluid cavities [6]. Prolonged CME
may cause lamellar holes and persistent subretinal fluid.

To date, there are no uniform recommendations for the treatment of Irvine–Gass
syndrome, and variable strategies are employed. This review aims to present the most
important contemporary therapeutic strategies in IGS based on available modern literature.

2. Material and Methods

The PUBMED database was searched for a combination of phrases including the terms
Irvin–Gass syndrome or pseudophakic cystoid edema and steroids, intravitreal steroids,
periocular steroids, triamcinolone, sub-tenon triamcinolone, dexamethasone, OZURDEX®,
fluocinolone, non-steroidal anti-inflammatory drugs, anti-VEGF, aflibercept, ranibizumab,
bevacizumab, carbonic anhydrase inhibitors, and acetazolamide.

Only randomized clinical trials or case series of at least 10 cases published since 2000
were included in the analysis and presented in the following tables. Reports using smaller
samples were quoted only if larger studies were scarce or unavailable for the specific
treatment modality.

The search revealed 28 articles, including 7 RCTs on the subject, that fulfilled inclusion
criteria. Results were grouped according to the analyzed treatment modality.

If a treatment modality was not analyzed in a larger case series or RCT, results were
presented descriptively.

3. Results

3.1. Non-Steroidal Anti-Inflammatory Drugs (NSAID)

The search revealed seven studies, including two RCTs, that met inclusion criteria
analyzing the efficacy of NSAID eye drops in the treatment of IGS. The results of those
studies are presented in Table 1. All the studies show functional and morphological
improvement, although most patients still present some visual deficit at the end of the
treatment. The latest studies favor topical nepafenac compared to other NSAID eye drops.
No significant adverse events associated with the use of NSAIDs were reported in any of
the studies.
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Table 1. Results of the studies analyzing the efficacy of NSAID in the treatment of IGS that involved at least 10 cases and were published since 2000.

No Study No of Eyes Duration of CME Study Design Results

1
Giarmoukakis
et al., 2020 [12]

21 eyes treated with TN 0.3%
Acute (<4 months) and

chronic (>4 months)
Prospective, clinic-based, non-randomized

case-series

BCVA improvement from 0.49 ± 0.36 logMAR to
0.36 ± 0.42 logMAR at the last follow-up visit

(p < 0.005). CRT decreased from 450.40 ± 90.74 µm at
baseline to 354.60 ± 81.49 µm (p < 0.05)

2
Guclu et al.,

2019 [13]

62
The IVD group included 32 eyes,

and the TN group included 30 eyes
2 months

Retrospective; two arms:
IVD: 32 patients,

TN 0.1%: 30 patients; changes in BCVA, CMT at
baseline, 1 month, 3 months, 6 months

Results at 6 months:
BCVA change in ETDRS letters for IVD from 25 ± 11.8

to 49.3 ± 6.8 versus 20.9 ± 9.3 to 32.9 ± 7.3 for TN;
CMT reduction from 522.7 ± 120.7 µm to

266.1 ± 53.4 µm for IVD versus 501.2 ± 104.2 µm to
364.9 ± 56.3 µm) for TN;

statistically significantly better improvements for IVD
than TN

3
Sengupta et al.,

2018 [14]
69 Acute, precise duratio not defined

Retrospective; combined topical prednisolone QID
for 6 weeks and TN for at least 6 weeks QID;

evaluation of effect at 6 weeks; success criterion:
BCVA 6/9 and CMT £300 mm; definition of any

success: anything less than success and reduction of
CMT by 150 mm

Success achieved in 37 eyes (54%) and any success in
55 eyes (80%) at 6 weeks

4
Yuksel et al.,

2017 [15]
24 TA arm
24 TN arm

Mean duration 4.8 ± 5.0 weeks for
TA and 4.5 ± 3.1 weeks for TN

Prospective; two arms: TA and TN; changes in CMT
and BCVA at 6 months

Significant reduction of CMT and improvement of
BCVA in both groups; BCVA change from 0.99 ± 0.62
logMAR to 0.63 ± 0.74 for TA and from 0.84 ± 0.65 to

0.37 ± 0.48 for TN
reduction of CMT from 513.3 to 318.9 mm in TA arm

and from 483.7 to 278.0 mm in TN arm; BCVA
statistically better improvement in the TN arm

5
Warren et al.,

2010 [16]
39 Chronic 6 months, mean 9.4 months

RCT; evaluation of the effect of adding topical
NSAID in IGS;

Design: IVT and IVB at study entry; IVB repeated
after 1 month; afterward randomization to topical

diclofenac 0.1% or ketorolac 0.4% or nepafenac 0.1%
or bromfenac 0.09% or placebo for 16 weeks;

evaluation at 16 weeks

Significant reduction of CMT compared with placebo
for TN and topical bromfenac; improvement of BCVA

for nepafenac only (by 19%)
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Table 1. Cont.

No Study No of Eyes Duration of CME Study Design Results

6
Hariprasad et al.,

2009 [17]

22 eyes with pseudophakic and
uveitic CME, including 13 with

chronic IGS and 3 with acute IGS
(20 patients) treated with TN 0.1%)

Acute IGS < 6 months
Chronic IGS > 6 months

Retrospective multicenter review of 22 CME cases
treated with TN 0.1% (six with concomitant

prednisolone acetate 1%); duration of the follow up
from 6 weeks to 6 months

BCVA improvement in 2 acute IGS
(from 0.4 logMAR to 0.18 logMAR and from

0.3 logMAR to 0.14 logMAR).
CRT reduction from 448 to 211 mm and from 306
to 284 mm. Morphological improvement in the
third acute case: reduction of CMT from 380 to

236 mm, but no BCVA change due to retinal
degeneration;

mean BCVA improvement in the chronic group
from 0.63 ± 0.33 logMAR to 0.30 ± 0.16 logMAR

and mean CMT reduction from 451 ± 145.7 to
273 ± 80.8 mm

7 Rho 2003 [18]
34:

Diclofenac 18
Ketorolac 16

Acute:
4.2 ± 1.4 months for ketorolac group

and 4.0 ± 1.4 months for
diclofenac group

Randomized prospective; evaluation of effects of
topical diclofenac sodium 0.1% versus ketorolac

tromethamine 0.5% in the treatment of IGS; evaluation
at 26 weeks

BCVA change
ketorolac: from 20/160 ± 75.8 to 20/58 ± 94.1
diclofenac: from 20/173 ± 94 to 20/49 ± 56.8
Reduction of CME at 26 weeks: diclofenac 16

(89%), ketorolac 14 (88%); elimination of CME at
26 weeks: diclofenac 14 (78%), ketorolac 12 (75%);

no significant difference between the drugs

RCT: randomized controlled trial; IGS: Irvine–Gass syndrome; ME: macular edema; IVD: intravitreal dexamethasone implant; FA: fluorescein angiography; IVB: intravitreal bevacizumab; CMT: central macular
thickness; TA: triamcinolone acetonide; TN: topical nepafenac; BCVA: best-corrected visual acuity; CME: cystoid macular edema; QID–quater in die.
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3.2. Carbonic Anhydrase Inhibitors (CAI)

The search revealed only 2 studies that analyzed the additional effect of 250–500 mg
of oral acetazolamide compared to that from topical NSAIDs or corticosteroids alone
(Table 2). Both papers present better functional and morphological results of combined
NSAID with or without corticosteroid plus CAI. Both papers present better functional and
morphological results of NSAID combined with CAI. No data evaluating the potential role
of topical CAIs were found.

Table 2. Results of the studies analyzing the efficacy of CAI in the treatment of IGS that involved at least 10 cases and were
published since 2000.

No Study No of Eyes Duration of CME Study Design Results

1 Curkovic et al.,
2005 [19]

14
7–0.1% topical dexamethason +
topical flurbiprofen (group 1)

7–0.1% topical dexamethason +
topical flurbiprofen plus

acetazolamide 250 mg 3×
(group 2)

Not defined

RCT, the efficacy of oral
acetazolamide of

250 mg TID in addition
to topical

dexamethasone and
flurbiprofen

Complete resolution of CME in 86% of eyes
receiving acetazolamide (plus the topical

NSAID-steroid combination) vs. 29% in the
control group who received topical

dexamethasone and flurbiprofen alone
BCVA change significantly better in group 2

from 0.32 ± 0.1 to 0.67 ± 0.1 versus 0.34 ± 0.12
to 0.53 ± 0.14 in group 1 (Snellen fraction)

2 Catier et al.,
2005 [20] 16 5 months

Retrospective review
250–500 mg of

acetazolamide per day
associated with topical

NSAID or steroids

Mean improvement of BCVA from 20/100
(0.7 ± 0.28 Log MAR) to 20/40 (+0.3 ± 0.2 Log

MAR) and reduction of CMT from
599.67 ± 174.17 mm to 264.69 ± 106.59 mm;

complete resolution in 87.5% cases and in 100%
of cases treated by a combination of
acetazolamide, NSAIDs and steroids

CT: randomized controlled trial; IGS: Irvine–Gass syndrome; CMT: central macular thickness; NSAID: non-steroidal anti-inflammatory
drugs; BCVA: best-corrected visual acuity; CME: cystoid macular edema; mo—month; TID—ter in die.

3.3. Corticosteroids

3.3.1. Topical Corticosteroids

The search revealed only two studies that analyzed the additional effect of topical
corticosteroids compared to NSAIDs alone. The results are presented in Table 3 and do not
provide an unequivocal answer whether any additional effect exists: possible benefits are
advocated in the Heier et al. study [21] but not confirmed in the study by Singal et al. [22].

Table 3. Results of the studies analyzing the efficacy of the addition of topical corticosteroids to NSAID in the treatment of
IGS that involved at least 10 cases and were published since 2000.

No Study No of Eyes Duration of CME Study Design Results

1 Heier et al.,
2000 [21]

28 (26 completed the
study)

Acute: 21–90 days
after surgery

RCT, patients randomized to topical
therapy with ketorolac (group K),

prednisolone (group P), or ketorolac and
prednisolone combination therapy (group

C) QID. Follow up, 3 months.

BCVA improvements (Snellen lines): 1.6
in group K, 1.21 in group P, and 3.8 in

group C.
Treatment of acute, visually significant
pseudophakic CME with ketorolac and

prednisolone combination therapy
appears to offer benefits over

monotherapy with either agent alone

2 Singal et al.,
2004 [22]

10
Ketorolac: 4

Ketorolac and
tromethamine: 6

6 weeks and longer

RCT: prospective double-masked
randomized controlled trial.

10 patients were randomly assigned to
receive either 0.5% ketorolac tromethamine

plus placebo or 0.5% ketorolac
tromethamine plus 1% prednisolone

acetate; follow up, 90 days

No statistically significant difference
was found in the outcome between
patients who received ketorolac and
those who received ketorolac plus

prednisolone for acute or chronic CME

RCT: randomized controlled trial; IGS: Irvine–Gass syndrome; CMT: central macular thickness NSAID: non-steroidal anti-inflammatory
drugs; BCVA: best-corrected visual acuity; CME: cystoid macular edema.

3.3.2. Periocular Corticosteroids

The search revealed only three papers fulfilling the search criteria. The results of these
studies are presented in Table 4. All are retrospective analyses and present significant
improvement of both macular morphology and BCVA after sub-tenon injection of triamci-
nolone acetonide (STT) in IGS patients. A study by Kuley et al. [23] compared the effects
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of STT and IVT in a large sample but did not show a significant difference in final effect
depending on the drug administration route.

Table 4. Results of the studies analyzing the efficacy of periocular corticosteroids in the treatment of IGS that involved at
least 10 cases and were published since 2000.

No Study No of Eyes Duration of CME Study Design Results

1 Kuley et al., 2021 [23] 50 STT
45 IVT Not stated

Retrospective;
comparison of

resolution of IGS in two
arms: 2 mg IVT or

40 mg STT at 1, 3, and
6 months

Insignificant difference in BCVA improvement: 2.3 lines
in the IVT group and 2.4 lines in the STT group; CMT
reduction was significantly better in the IVT group at
month 1 (255 mm vs. 187 mm), but the difference was

not present at month 3 (214 mm vs. 212 mm) and month
6 (176 mm vs. 207 mm); ocular hypertension managed by
topical therapy in 7% of eyes in the IVT group and 12%

of eyes in the STT group

2 Erden et al., 2019 [24] 21 Not stated

Retrospective; patients
treatment naïve;

injection of 40 mg of
STT; minimum follow

up 6 months

Significant improvement of mean BCVA from 0.71 ± 0.23
logMAR to 0.19 ± 0.06 logMAR and significant reduction
of CMT from 431 ± 136 mm to 299 ± 66 mm at 6 months

3 Tsai et al., 2018 [25] 17 57.9 ± 50.1 days
(range: 21–178 days).

Retrospective; 40 mg of
STT; evaluation of

BCVA and CMT at 1
and 3 months

Change of logMAR BCVA from baseline 0.75 ± 0.23 to
0.50 ± 0.20 at month 1 and 0.40 ± 0.20 at month 3.
Change of CMT from baseline 446 ± 107 mm to

354 ± 90 mm at month 1 and 300 ± 58 mm at month 3.
Insignificant rise of IOP < 21 mm Hg

RCT: randomized controlled trial; IGS: Irvine–Gass syndrome; ME: macular edema; IVD: intravitreal dexamethasone implant; FA:
fluorescein angiography; IVB: intravitreal bevacizumab; IVT—intravitreal triamcinolone; CMT: central macular thickness; TA: triamcinolone
acetonide; STT: sub-tenon triamcinolone; IOP: intraocular pressure; BCVA: best-corrected visual acuity.

3.3.3. Intravitreal Corticosteroid

In the search, we found eight larger reports published since 2000t that are presented
in Table 5. The search revealed only two larger studies evaluating the efficacy of IVT
in IGS (listed in Table 5). However, randomized controlled trials of IVT are missing. In
addition, transient effects and the need for repeated injections remain a challenge [26].
Most high-quality studies on the use of intravitreal corticosteroids in IGS are focused on
the use of an intravitreal dexamethasone implant (IVD) of 700 micrograms, commercially
used under the name OZURDEX® (five studies). One study associated the results of IGS
treatment with either IVD, IVT, or anti-VEGF to the time point of initiation of treatment [27].
Most of the patients were treated with IVD. All the listed studies demonstrated significant
letter gains after intravitreal corticosteroid therapy without serious adverse events. Few
cases of intraocular pressure rise were controlled with topical anti-glaucoma medication.
The study by Sharma and his group showed that early initiation of intravitreal treatment in
IGS provides better functional results [27]. The use of the a fluocinolone implant was not
tested on a larger sample; however, available reports confirm its efficacy in the resolution
of IGS in recurrent cases [28].

Table 5. Results of the studies analyzing the efficacy of intravitreal corticosteroids in the treatment of IGS that involved at
least 10 cases and were published since 2000.

No Study No of Eyes
Duration of CME

(Months)
Study Design Results

1 Sharma et al., 2020 [27] 79 Less than 14 weeks

Retrospective;
evaluation of the effect

of IVD or IVT or
anti-VEGF in IGS;

evaluation at 12 months

IVD in 73.4% of eyes as initial therapy; switch from
anti-VEGF to dexamethasone in 54.5% of cases;

BCVA gain and CMT reduction 16.7 ± 12.9 letters and
336.7 ± 191.7 mm in patients treated within 4 weeks

from diagnosis versus 5.2 ± 9.2 letters and
160.1 ± 153.1 mm for patients treated after 14 weeks

from diagnosis;
IOP rise in 3 patients after IVD controlled with

topical medications

2 Altintas et al., 2019 [29] 10 Minimum 3 months

Retrospective; IGS
resistant to topical
treatment and IVB;

implantation of IVD

Significant improvement of mean BCVA from
0.69 ± 0.19 logMAR to 0.19 ± 0.05 logMAR and

significant reduction of mean CMT from
476.13 ± 135.13 mm to 268.38 ± 31.35 mm; mean

number of IVD: 1.44 ± 0.89

44



J. Clin. Med. 2021, 10, 4375

Table 5. Cont.

No Study No of Eyes
Duration of CME

(Months)
Study Design Results

3 Bellocq et al., 2017 [30] 100 Mean 4.8 months

Retrospective
multicenter national

case series of 100 eyes
receiving IVD for

post-surgical macular
edema

Mean improvement in BCVA was 9.6 ± 10.6 letters at
month 6 and 10.3 ± 10.7 letters at month 12; BCVA
gains of 15 or more letters noted in 32.5% cases and
37.5% cases at months 6 and 12, respectively; mean
reduction in CSMT of 135.2 mm and 160.9 mm at

months 6 and 12, respectively
37% of patients required only one IVD during the first

year and experienced no recurrence of the macular
edema in a follow-up period of greater than 1 year

4 Mayer et al., 2015 [31] 23 Mean 5.4 months
(range 2–8)

Prospective; treatment
with IVD; evaluation of

BCVA and CMT at
12 months

Significant improvement of mean BCVA from
30.2 ± 4.3 letters to 50.4 ± 4.9 letters and decrease of
CMT from 520.8 ± 71.4 mm to 232.7 ± 26.6 mm; no

relevant adverse effects were noted

5 Zamil 2015 [32] 11 Mean 7.7 months
(range 6–10)

Retrospective; single
IVD; evaluation at

6 months

Significant mean BCVA improvement from
0.58 ± 0.17 logMAR to 0.21 ± 0.15 logMAR and

reduction of mean CMT from 513.8 mm to 308.0 mm;
no adverse events were noted

6 Sevim et al., 2012 [33] IVT: 20;
PPV: 19 6 months and longer

Retrospective;
comparison of BCVA

and CMT in two arms:
IVT and PPV;

evaluation at 12 months

BCVA change at 12 months: IVT: from 0.75 ± 0.23
logMAR to 0.45 ± 0.23 logMAR

PPV: 0.78 ± 0.25 logMAR to 0.51 ± 0.21 logMAR;
CMT change at 12 months:

IVT: 536.00 ± 52.04 mm to 313.15 ± 44.30 mm
PPV: 524.05 ± 63.49 mm to 326.31 ± 72.88 mm;

significant improvement of BCVA and reduction of
CMT at 12 months; no significant difference between

the arms at 12 months; temporary

7 Williams et al., 2009 [34] 41 90 days and longer

RCT; CME secondary to
uveitis or IGS,

persistent 90 days;
Three arms

IVD (700 mg) or
intravitreal

dexamethasone 350 mg
or observation

Improvement of at least 10 ETDRS letters at day 90:
41.7% in 350 mg group
53.8% in 700 mg group

7.1% in observed group;
significant reduction of leakage on FA in

treated patients;
intraocular pressure rise of 10 mm Hg or more in 5 of
13 patients in the 700 mg group and in 1 of 12 patients
in the 350 mg group, controlled by topical medication

8 Koutsandrea et al.,
2007 [35] 14 Longer than 6 months

Retrospective; 14 eyes
treated with IVT; follow

up 12 months

Improvement of BCVA from mean 2.22 ± 0.16 to
0.36 ± 0.24 (decimal values) at 12 months;

improvement of BCVA in 11 cases, stable in 2 cases
and worsening in 1 case; reduction of CMT from mean
434.93 to 402.79 ± 162.22 mm; reduction of CMT in 11

cases and increase in 3 cases; increase in mf-ERG
values; minor increase in IOP; topical IOP-lowering

drops in 3 patients

RCT: randomized controlled trial; IGS: Irvine–Gass syndrome; CME: cystoid macular edema; IVD: intravitreal dexamethasone implant
(700 mg); IVT: intravitreal triamcinolone; PPV: pars plana vitrectomy; FA: fluorescein angiography; IVB: intravitreal bevacizumab; CMT:
central macular thickness; mf-ERG: multifocal electroretinogram; BCVA: best-corrected visual acuity.

3.4. Anti-VEGF

The search revealed six larger studies analyzing the effects of different anti-VEGF
medications in the treatment of IGS: four studies employed intravitreal bevacizumab (IVB),
one dedicated to intravitreal ranibizumab (IVR) and one compared the efficacy of the
available three agents: aflibercept, ranibizumab, and bevacizumab. Results of those studies
are presented in Table 6 and show significant visual and morphological improvements
for all the available anti-VEGF medications without serious adverse effects. Intravitreal
aflibercept (IVA), a more recent anti-VEGF agent, has been tried in the treatment of IGS, but
except for one comparative study listed in Table 6, only case reports have been published
on the use of aflibercept [36].

Anecdotal reports of combined intravitreal anti-VEGF and corticosteroids in the
treatment of IGS exist, but these are only case reports, not larger trials [37]. Therefore, it is
difficult to judge the additional effect of those drugs compared to anti-VEGF therapy alone
in IGS.
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Table 6. Results of the studies analyzing the efficacy of intravitreal anti-VEGF agents in the treatment of IGS that involved
at least 10 cases and were published since 2000.

No Study No of Eyes Duration of CME Study Design Results

1 Akay et al., 2020 [38]
59;

IVB: 22, IVR: 19,
IVA: 18

Not stated; refractory to
topical treatment

Retrospective, controlled
consecutive case series;

comparison of functional and
morphological results of

treatment among 3 agents at
6 months

BCVA change:
IVB: 0.96 ± 0.18 to 0.23 ± 0.19
IVR: 0.89 ± 0.23 to 0.19 ± 0.18
IVA: 0.94 ± 0.22 to 0.21 ± 0.08

CMT change:
IVB: 555.5 ± 238.5 mm to 213.5 ± 21.1 mm
IVR: 553.5 ± 125.5 mm to 226.6 ± 18.1 mm
IVA: 540.0 ± 64.5 mm to 227.7 ± 39.5 mm

No of injections:
IVB: 1.8 ± 0.7
IVR: 2.0 ± 0.6
IVA: 1.8 ± 0.7

No significant difference in results of
treatment and number of injections needed

among the three agents

2 Staurenghi et al., 2018
[39] 40 3 months and longer

RCT; IVR 0.5 mg for
IGS/aphakic eyes; one

injection of IVR at baseline,
then PRN regimen

Letter gain at month 2: 8.5 in the IVR
group and 4.1 in the sham group

(significant difference)
At month 12: letter gain 14.5 vs. 10.5;

minor adverse events related to injection
(e.g., conjunctival hemorrhage)

3 Arevalo et al., 2009 [40] 36 3 months and longer

Retrospective; at least 1
injection of IVB in a dose of

1.25 or 2.5 mg; follow up
12 months

Improvement of BCVA of 2 ETDRS lines in
72.2%; none of the eyes worsened; mean
BCVA change from 0.96 to 0.62 logMAR;

CMT change from 499.9 to 286.1 mm;
Mean no. of injections: 2.7

4 Barone et al., 2009 [41] 10 Mean 17.5 weeks
(range 11–24)

At least one IVB 1.25 mg;
evaluation of BCVA and CMT

at 6 months

BCVA improvement in all eyes; Mean
BCVA change from 20/80 to 20/32; mean

CMT change from 546.8 to 228.7 mm

5 Spitzer 2008 [42] 16 Mean 14 weeks
(range 3–84 weeks)

Retrospective case series; 1.25
mg of IVB; evaluation of BCVA

change and CMT change

BCVA improvement by 2 ETDRS letters in
1 eye, unchanged in 12 eyes and worsened
in 2 eyes; reduction in CMT by more than

10% in 9 eyes

6 Arevalo et al., 2007 [43] 25 Not stated
Retrospective; IVB of 1.25 or

2.5 mg; mean follow up
32 weeks

Improvement of BCVA of 2 ETDRS lines in
71.4%; none of the eyes worsened; mean
BCVA change from 0.92 to 0.50 logMAR;

CMT change from 466.3 to 264.5 mm;
28.6% of eyes required a second injection,

and 14.3% required a third injection

RCT: randomized controlled trial; IGS: Irvine–Gass syndrome; CME: cystoid macular edema; IVB: intravitreal bevacizumab; IVR: intravitreal
ranibizumab; IVA: intravitreal aflibercept; IVD: intravitreal dexamethasone implant (700 mg); BCVA: best-corrected visual acuity; CMT:
central macular thickness.

3.5. Subthreshold Micropulse Laser (SML)

A photostimulation process with repetitive short pulses delivered at a subthreshold
mode allows foveal treatment with no damage compared to conventional laser treatments.
The benefits of SML in the treatment of different macular disorders such as central serous
chorioretinopathy (CSC), diabetic macular edema (DME), and macular edema secondary
to retinal vein occlusion (RVO) were shown in many studies [44,45].

In 2020, Verdina et al. published the first results of the treatment of refractory post-
operative CME with subthreshold micropulse yellow laser in 10 eyes of 10 patients [46].
Five eyes of five patients had Irvine–Gass syndrome. A retrospective analysis showed
improvement of BCVA and CMT in all patients, and the effects were maintained through
1, 2, 3, and 6 months. The treatment used a 577 nm subliminal laser photo-stimulation
treatment with 7 × 7 grids with confluent spots and a 5% duty cycle. Treatment was
targeted at whole edematous retina, including the foveal center. The study demonstrated
complete resolution of retinal edema and improvement of BCVA in all patients with no
side effects. The mean number of laser treatments was 1.3.

3.6. Laser Photocoagulation (LPC)

No studies of LPC in IGS published after 2000 were found in the PUBMED database.
Previous studies reported a beneficial effect of modified GRID protocol for IGS; however,
these were not controlled studies [47].

46



J. Clin. Med. 2021, 10, 4375

3.7. Other Treatments

Interferon alfa was administered for IGS in a small case series of four eyes refractory
to topical treatment [48]. A 3 million IU/day dose was injected subcutaneously for 4 weeks
and tapered thereafter. Improvement was achieved in three cases without any side effects.
Topical treatment of chronic refractory IGS with interferon alfa was also reported in a single
case with spectacular visual improvement from 20/100 to 20/25 [49].

IGS was also treated by adalimumab (Humira). No significant improvement after
such therapy was achieved in a small case series of five eyes [50].

4. Discussion

The excellent results of modern cataract surgery set patient expectations very high, and
persistent CME after uneventful cataract surgery may significantly affect patient outcomes
and satisfaction [51]. Irvine–Gass syndrome is a common complication of uneventful
cataract surgery, which resolves spontaneously in most cases but may persist, causing
visual deterioration and patient dissatisfaction [4,6,7]. As has been emphasized in many
previous reviews and studies, no homogenous recommendations for the treatment of
IVG exist [52–55]. The lack of randomized controlled trials assessing the effectiveness
of available therapeutic modalities results in many different approaches, often based on
individual judgment and clinical experience but not hard evidence. Our analysis focused
on the papers published in this century, as this is the time when intravitreal treatments
such as anti-VEGF or intravitreal corticosteroids were introduced and revolutionized the
management of various ophthalmic diseases. Therefore, we sought to compare conservative
treatments to those modern therapeutic modalities.

Presented studies published since 2000t in general show favorable results of the treat-
ment of IGS with topical NSAIDs alone or in combination with periocular or intravitreal
steroids as well as intravitreal anti-VEGF agents. Those treatments should be consid-
ered, weighing both the potential for improving BCVA and the invasive character of the
treatment and the possibility of complications.

As IGS resolves spontaneously in most cases, that possibility must be considered
before administering invasive therapy. Therefore, the timing of the application of different
forms of treatment should be carefully considered with non-invasive therapies used as
the first line (e.g., topical treatment) and invasive procedures (e.g., intraocular injections)
usually reserved for non-responsive cases.

NSAIDs administered topically such as via eye drops are FDA-approved drugs for use
as anti-inflammatory, antipyretic, and analgesic agents. Their main mechanism of action is
the inhibition of the enzyme cyclooxygenase (COX). Cyclooxygenase is required to convert
arachidonic acid into thromboxanes, prostaglandins, and prostacyclin. Prostaglandins
play an important role in vasodilatation [56]. The use of NSAIDs in the postoperative
management of patients undergoing cataract surgery has become a standard of care [57,58].
Routine use of anti-inflammatory eye drops following cataract surgery is highly effective
in reducing post-surgical inflammation and the incidence of CME [59]; however, their role
in the treatment of CME has not been studied widely. Topical NSAIDs remain a first-line
therapy of IGS, and although their use has shown to be beneficial in several studies, they
have shown no clear effect in other studies [58]. Our search revealed only a few modern
studies that analyze the effects of NSAID in the treatment of IGS, none of which is an
RCT. One older study showed significant visual and morphological improvements after
administration of topical NSAID in acute cases, which are usually defined as lasting less
than 3 months [18]. However, most recent studies show only moderate improvement after
treatment of IGS with only topical NSAID [12,13].

Functional and morphological results are reported to be better after intravitreal dex-
amethasone [13]. Adding the effect of nepafenac was reported in one study that analyzed
the combination of IVB and NSAID [16]. NSAIDs are also used in combined therapy with
topical corticosteroids or oral CAIs, but available data on the combined treatment of CME
are very limited. Nevertheless, the off-label use of acetazolamide, a carbonic anhydrase
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inhibitor, in IGS is a common practice as a first- or second-line therapy. Acetazolamide
increases the retinal pigment epithelium pump function by inhibiting carbonic anhydrase
and is thought to decrease intraretinal fluid [11,60]. Dosage varies among studies from
250 mg once a day to TID. Many authors state that the combination of oral acetazolamide
with topical NSAIDs is shown to be highly effective [20,61,62]. Our search revealed only
two papers analyzing the additional effect of CAI compared to NSAID-only treatment
of IGS, both on relatively small samples (14–15 eyes). Both papers favor the use of CAI
in combination therapy for IGS; however, such limited data make it impossible to build
strong recommendations for the use of this treatment regimen.

Corticosteroids remain a viable therapeutic option in the treatment of CME, includ-
ing IGS. Corticosteroids block the release of arachidonic acid, impact the production of
interleukins and VEGF, and interrupt the inflammatory cascade. Several routes of adminis-
tration, such as topical, periocular, and intravitreal, are available. At the same time, current
data on a combination treatment of topical NSAID with topical corticosteroids are scarce
and not convincing [21,22]. A conclusion on the beneficial effect of the addition of topical
corticosteroids to the treatment of IGS cannot be made based on available research. Never-
theless, topical corticosteroids are widely used in the treatment of Irvine–Gass syndrome,
usually in combination with topical NSAIDs and oral CAIs. An accurate assessment of the
role of topical corticosteroids alone in the treatment of IGS is not currently possible.

Periocular or intravitreal corticosteroids serve as an option in refractory cases of
IGS [63]. Sub-tenon or retrobulbar injections of corticosteroids had been used widely for
persistent CME before the advent of an officially registered intravitreal dexamethasone
implant (OZURDEX®). Early in 1997, Thach and his group showed VA improvement after
12 repeated corticosteroid injections in a series of 31 patients with chronic CME [64]. Our
search revealed three recent studies (2018–2021) that showed significant visual improve-
ment after STT in refractory cases of IGS. STT remains a cost-effective therapy, and its
application sub-tenon does not bear the risk of intraocular inflammation possible after
intravitreal application. A recent study by Kuley did not show an advantage of intravitreal
versus sub-tenon administration of triamcinolone [23]. It must be emphasized, though,
that the use of triamcinolone acetonide remains off-label. Intravitreal corticosteroids have
consequently been used for chronic or refractory cases, lasting longer than 3 months,
with significant letter gains and minor adverse effects [31–35]. Before the dexametha-
sone implant was introduced, triamcinolone acetonide was tested in a few larger and
smaller studies, proving its efficacy in improving macular morphology and function in
IGS [33,35,65–67]. Later studies show significant improvements after IVD administration
without serious side effects [27,29–32,34]. The most recent large retrospective study from
2020 highlighted the benefits of early intervention and reported significantly larger visual
gains when IVD was administered within 4 weeks of diagnosis [27]. This approach is not
a common practice due to the invasive character of the procedure and the possibility of
effective treatment with only topical NSAIDs. Further comparative studies are needed to
support the results of that paper.

Vascular endothelial growth factors play central roles in the regulation of angiogenesis
and lymphangiogenesis and they regulate endothelial cell proliferation, migration, vascular
permeability, secretion, and other endothelial functions. The revolutionary role of anti-
VEGF in treating ophthalmic conditions such as neovascularization and macular edema
due to DME or ME in RVO was a milestone. The VEGF family plays a major role in
angiogenesis, inflammation, and capillary permeability; thus, its potential in treating
CME was studied. However, the role of anti-VEGF treatment in CME remains unclear.
Anti-VEGF injections remain an alternative in unresponsive cases, but their use in IGS
requires further randomized research. Our search revealed a few quality studies that
show significant improvements after the use of anti-VEGF medication in IGS, but RCTs
are missing. Despite that, clinical practice and the universality of that procedure make it a
solid treatment modality in refractory IGS.
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Non-damaging laser therapy, such as SML, remains an interesting therapeutic option.
To date, just a few papers report its efficacy in IGS. Considering its non-damaging character,
lack of side effects, and low cost, it may be considered as an alternative to more invasive
treatment modalities. Further studies are needed to provide treatment guidelines for SML.

Practical Considerations and Conclusions

This review aimed to provide a basis for modern recommendations for treating pseu-
dophakic macular edema or Irvine–Gass syndrome. The available published material does
not provide convincing data to build such guidelines. Therefore, theoretical background,
clinical experience, and safety of the procedure must determine the choice of treatment in
this clinical entity. Common practice is to start therapy with a topical NSAID, which is a
simple and non-invasive treatment modality. This approach is supported by epidemiologi-
cal and clinical research that provides data on the possibility of spontaneous resolution
of CME and improvement after topical therapy [68]. Larger clinical trials have not shown
that using a combination of topical NSAID and topical corticosteroids and/or oral CAI is
superior to topical NSAID alone.

What remains unclear is the timing of application of invasive therapies—periocular or
intravitreal injections—once topical treatment is not effective. Refractory pseudophakic
macular edema is not precisely defined according to its duration, but usually authors
employ periocular or intravitreal treatment in cases lasting longer than three months.
The efficacy and safety of intravitreal or periocular injections with corticosteroids or anti-
VEGF agents have been confirmed in many studies. Still, its invasive nature and rare but
potentially serious complications must be considered. Patients who resist intravitreal or
periocular treatment might be offered therapy with subthreshold micropulse laser. Recent
publications on the use of SML show promise. Low complication rates, cost-effectiveness,
and repeatability are clear advantages of this treatment modality.

Our search revealed publications that show possible options for the treatment of IGS.
Methodology and randomization in presented trials may be discussed; what remains as
their common feature is the visual deficit reported in most cases of longstanding CME,
even after successful treatment. Therefore, in view of results of a recent large study
from Sharma et al. [27] that proves better functional and morphological results with early
application of intravitreal steroids, that therapeutic option for short-standing pseudophakic
CME should be examined with care in future research.
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Abstract: Background: The pathogenesis of central serous chorioretinopathy (CSC) remains a sub-

ject of intensive research. We aimed to determine correlations between plasma levels of selected

angiogenic factors and different forms of CSC. Methods: Eighty patients were enrolled in the study

including 30 with a chronic form of CSC, 30 with acute CSC, and 20 controls. Presence of active

CSC was determined by fluorescein angiography (FA), indocyanine green angiography (ICGA), and

swept-source optical coherence tomography (SS-OCT). Plasma concentrations of angiopoietin-1,

endostatin, fibroblast growth factor, placental growth factor (PlGF), platelet-derived growth factor

(PDGF-AA), thrombospondin-2, vascular endothelial growth factor (VEGF), VEGF-D, and pigment

epithelium–derived factor were measured, and the results were compared between groups. Addition-

ally, mean choroidal thickness (CT) was measured in all patients. Results: Levels of angiopoietin-1

(p = 0.008), PlGF (p = 0.045), and PDGF-AA (p = 0.033) differed significantly between the three

groups. Compared with the controls, VEGF (p = 0.024), PlGF (p = 0.013), and PDGF-AA (p = 0.012)

were downregulated in the whole CSC group, specifically PDGF-AA (p = 0.002) in acute CSC and

angiopoietin-1 (p = 0.007) in chronic CSC. An inverse correlation between mean CT and VEGF levels

was noted in CSC patients (rho = −0.27, p = 0.044). Conclusions: Downregulated angiopoietin-1,

VEGF, PDGF-AA, and PlGF levels may highlight the previously unknown role of the imbalanced

levels of proangiogenic and antiangiogenic factors in the pathogenesis of CSC. Moreover, down-

regulated VEGF levels may suggest that choroidal neovascularization in CSC is associated with

arteriogenesis rather than angiogenesis.

Keywords: angiogenesis; angiopoietin-1; central serous chorioretinopathy; proangiogenic factors

1. Introduction

Central serous chorioretinopathy (CSC) is a common disease that belongs to the
pachychoroid-related disorders, characterized by serous retinal detachment, which is
associated with a local leakage from the thicker choroid through impaired retinal pigment
epithelium (RPE) [1]. For a long time, a simple classification of CSC into acute and chronic
forms has been used; however, it was based solely on the duration of serous neurosensory
retinal detachment [2]. Nowadays, as new pathogenic concepts of CSC emerge and modern
multimodal imaging becomes available, various new classifications are being developed,
but so far, none of them has fully reflected the complexity of this clinical entity [3,4].
Daruich et al. classified CSC as acute, non-resolving, recurrent, chronic, or inactive, which
more precisely refers to the course of the disease [5].
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As the pathogenesis and pathophysiology of CSC have not been fully explained,
the available treatment modalities are suboptimal, especially in long-standing cases [2,6].
Growing evidence indicates that the pathomechanism of CSC is associated with dysfunc-
tion of the thickened choroid (an important risk factor), with subsequent impairment of
the RPE [1,7]. Some authors have also postulated that downregulation of the cell–cell adhe-
sion molecules in the vascular endothelium could increase the permeability of choroidal
vessels, causing fluid leakage under the neurosensory retina [8,9]. In the present study,
we attempted to find an association between these phenomena in CSC and the levels of
proangiogenic and antiangiogenic factors in human plasma.

Although the role of elevated levels of vascular endothelial growth factor (VEGF) and
other cytokines in the pathogenesis of the pachychoroid disease has been speculated on in
some papers, they more often referred to other forms of this disease entity than CSC [10,11].
Recent studies suggested that eyes with CSC may be at higher risk of age-related mac-
ular degeneration (AMD) or one of its subtypes (polypoidal choroidal vasculopathy or
pachychoroid neovasculopathy), or that the development of CSC and AMD/polypoidal
choroidal vasculopathy may share a common background [12–14]. Data on systemic
changes in the expression of proangiogenic and antiangiogenic factors and their role in
choroidal vascular homeostasis associated with CSC are scarce. Apart from our previous
research, we identified only one report evaluating the plasma level of VEGF in patients
with CSC [15,16].

It is well-known that CSC may be complicated by choroidal neovascularization (CNV),
a typical feature for neovascular AMD (nAMD). The prevalence of this complication was
reported to range from 15.6% to 25% [16,17]. Extensive research of AMD included the
levels of proangiogenic factors [18–20]. Impaired expression of antiangiogenic factors was
shown to play an important role in the development of CNV in the course of nAMD [21].
By analogy, some of these etiological factors typical for nAMD could also be involved in
the course of different forms of pachychoroid disease such as CSC. Interestingly, whereas
acute exposure to some angiogenic factors such as VEGF results in fast but self-limited hy-
perpermeability of normal vessels, chronic exposure leads to profound changes in venular
function and structure, which results in its chronic hyperpermeability and pathological
vessel formation [22]. Angiogenesis and arteriogenesis play a crucial role in tissue develop-
ment, repair, and regeneration, but also in ocular pathology [23]. Both processes depend
on the intricate balance of angiogenic and inflammatory factors [24,25].

To our knowledge, no studies have reported alterations in the levels of circulating
angiogenic factors in patients with CSC, which is not an angiogenic condition in itself,
but since it is a pachychoroid disease, its phenotype is characterized by attenuation of
the choriocapillaris overlying dilated choroidal veins [7]. The purpose of our study was
to highlight the previously unknown role of the imbalanced levels of proangiogenic and
antiangiogenic factors in CSC. Additionally, our findings may support the search for new
therapeutic strategies in CSC and provide new targets for development in the field.

2. Materials and Methods

This case-control study included 60 white adult patients (11 women and 49 men)
diagnosed with CSC in the Department of Ophthalmology and Ocular Oncology in Kraków,
Poland, between November 2017 and June 2018. The control group comprised 20 healthy
volunteers from the University Hospital in Kraków, who were matched for sex, age,
smoking status, and hypertension. The diagnosis of CSC was based on characteristic
findings of indirect ophthalmoscopy, fluorescein angiography (FA), indocyanine green
angiography (ICGA, SPECTRALIS, Heidelberg Engineering, Heidelberg, Germany), and SS-
OCT (DRI OCT Atlantis, Topcon, Japan). Ocular exclusion criteria were as follows: nAMD,
uveitis, diabetic retinopathy, vasculitis, polypoidal choroidal vasculopathy, neovascular
glaucoma, anti-VEGF treatment, and other diseases causing macular exudation. Systemic
exclusion criteria included any malignancy, acute illness, rheumatoid arthritis, psoriasis,
renal or hepatic dysfunction, acute myocardial infarction or stroke within the preceding six
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months, and corticosteroid treatment. The study was approved by Jagiellonian University
Bioethical Committee (Approval No. 122.6120.266.2016), and all patients and controls
provided written informed consent to participate in the study.

2.1. Clinical Examination

The measurement of best-corrected visual acuity, indirect ophthalmoscopy of the
fundus, and SS-OCT were performed in all groups, whereas FA and ICGA were per-
formed only in the CSC group. Central serous chorioretinopathy was classified as acute
when symptoms and clinical signs lasted less than six months, whereas chronic CSC was
diagnosed when symptoms lasted six months or longer.

The diagnosis of CSC was based on the SS-OCT, FA, and ICGA findings. For SS-OCT,
the criteria included current or previous pigment epithelium detachment and/or serous
retinal detachment as well as increased CT. On FA, symptoms characteristic for CSC were
sought such as focal or multispot dye leakage, dye pooling, or widespread areas of granular
hyperfluorescence. Finally, for ICGA, remarkable findings included areas of persistent
hyperpermeability during the early and middle phases as well as central hyperfluorescence
during the late phase.

Choroidal thickness was assessed using the method previously described by
Branchini et al. [26]. Mean CT was considered as the average of the measurements from
three points, which were localized beneath the fovea as well as 750 µm temporally and
750 µm nasally from the fovea. The measurements were done by two experienced ophthal-
mologists (AKT and IKB).

2.2. Sample Collection

Blood was drawn from the antecubital vein into BD Vacutainer (BD Life Sciences,
Franklin Lakes, NJ, USA) from all participants. Tubes contained (EDTA) as an antico-
agulant for plasma preparation. The plasma levels of 10 different angiogenic proteins
were measured using the Human Angiogenesis A Premixed Mag Luminex Performance
Assay (FCSTM02-10, R&D Systems, Minneapolis, MI, USA). This multiplex immunoas-
say contains premixed fluorogenic beads with monoclonal antibodies against angiogenin,
angiopoietin-1, endostatin, FGF-acidic, FGF-basic, PlGF, PDGF-AA, thrombospondin-2,
VEGF, and VEGF-D. The measurements were done according to the manufacturer’s proto-
col using 1:4 diluted plasma and the xMAP analyzer (Luminex Corporation, Austin, TX,
USA). Bead-trapped cytokines were detected by biotin-streptavidin sandwich immuno-
complex fluorescence. The results were calculated using 7-point standard curves and
proprietary software, Milliplex Analyst Version 5.1 (Merck, Darmstadt, Germany). The
plasma levels of angiogenin exceeded the highest concentration of the standard curve
calibrator (29,900 pg/mL) in 94% of the samples; therefore, they were not included in
further analysis.

2.3. Statistical Analysis

Qualitative data were presented as counts and percentages. Quantitative data were
shown as means and standard deviations (SD) for normally distributed variables and as
medians (Me) and interquartile ranges (IQRs) otherwise. The normality of quantitative
variables was tested using the Kolmogorov–Smirnov test. Intergroup comparisons of
qualitative variables were made using the Pearson 2 test; this test was used when expected
frequencies in more than 80% of cells were higher than five; and the Fisher–Freeman–
Halton test was used otherwise. Intergroup comparisons of quantitative variables were
made using the 1-way analysis of variance (ANOVA) for normally distributed variables and
the Kruskal–Wallis test for variables with nonnormal distribution. When the comparison
of the three groups yielded a significant p value, a pairwise comparison with Bonferroni
correction was used. For FGF-acidic, the ANOVA was used after removing one outlier
case present in the acute-CSC group. The CSC (both chronic and acute) and control groups
were compared using the t-test or Mann–Whitney test, as appropriate. The results of the

55



J. Clin. Med. 2021, 10, 1087

comparison were presented graphically with a box plot, where the line inside the box
represents a median; the lower and upper sides of the box represent the lower and upper
quartiles, respectively; the horizontal lines connected to the box with vertical lines represent
cases distant up to 1.5 of the IQR from the respective quartiles; circles represent cases distant
from 1.5 to 3 IQRs from the respective quartile; and asterisks represent cases distant by
more than 3 IQRs from the respective quartile. The strength of the relationship between
quantitative variables was estimated using the Spearman rank correlation coefficient. A p
value of less than 0.05 was considered significant. The analysis was performed with IBM
SPSS Statistics 24 for Windows statistical package.

3. Results

In the group with acute CSC (n = 30), 83.3% of patients were male compared with
80.0% in the group with chronic CSC (n = 30) and 55% in the control group (n = 20). The
mean (SD) age was 42.7 (9.9) years for patients with acute CSC, 44.5 (6.1) years for those
with chronic CSC, and 39.2 (7.4) years for the controls. The demographic and clinical
characteristics of the groups are presented in Table 1. Patients with CSC and controls
did not differ with regard to age, sex, smoking status, and the prevalence of systemic
hypertension. Among the 11 women with CSC, three were after menopause and two used
hormonal contraception. Angiotensin-converting enzyme inhibitors were used by four
patients with acute CSC, two patients with chronic CSC, and three controls; β-blockers, by
one patient with chronic CSC and one control; calcium channel blockers, by four patients
with acute CSC and one patient with chronic CSC; diuretics, by six patients with acute
CSC, five with chronic CSC, and one control. Finally, sartans were used by one patient with
acute CSC and two patients with chronic CSC. Three patients with acute CSC did not use
any antihypertensive treatment.

Table 1. Demographic and clinical characteristics of patients with acute and chronic central serous
chorioretinopathy as well as controls.

Variable
Chronic CSC

(n = 30)
Acute CSC

(n = 30)
Controls
(n = 20)

p Value

Male sex, n (%) 24 (80.0) 25 (83.3) 11 (55.0) 0.056 1

Age, y 44.5 (6.1) 42.7 (9.9) 39.2 (7.4) 0.078 2

Smoking (current, former), n (%) 8 (26.7) 7 (23.3) 7 (35.0) 0.658 3

Hypertension, n (%) 6 (20.0) 11 (36.7) 4 (20.0) 0.26 4

Hashimoto thyroiditis, n (%) 2 (6) 1 (3) 0 (0) 0.781
Helicobacter pylori infection, n (%) 6 (20) 0 (0) 0 (0) 0.007

Gout, n (%) 2 (6) 1 (3) 0 (0) 0.781
Ischemic heart disease, n (%) 1 (3) 1 (3) 0 (0) 1.000

1 X2(2) = 5.778; 2 F(2.77) = 2.639; 3 X2(2) = 0.836; 4 X2(2) = 2.690. Data were expressed as mean and standard

deviation where the analysis of variance was used for comparisons unless specified as number (percentage) using

the Pearson χ2 test or the Fisher–Freeman–Halton test as appropriate. A p value of less than 0.05 was considered

significant. Abbreviations: CSC, central serous chorioretinopathy.

No significant differences were observed in the levels of the studied parameters
between patients using at least one antihypertensive drug and those not receiving any anti-
hypertensive medication: PEDF (Me = 94.99, Q1 = 60.99, Q3 = 198.66 and Me = 82.90,
Q1 = 47.91, Q3 = 171.66, respectively, p = 0.508), FGF-basic (Me = 49.97, Q1 = 48.54,
Q3 = 51.37 and Me = 48.54, Q1 = 46.60, Q3 = 51.36, respectively, p = 0.234), endostatin
(Me = 20,098, Q1 = 16,908, Q3 = 22,640 and Me = 17,684, Q1 = 14,759, Q3 = 19,784, re-
spectively, p = 0.05), FGF-acidic (Me = 129.91, Q1 = 125.39, Q3 = 134.43 and Me = 125.39,
Q1 = 118.58, Q3 = 129.91, respectively, p = 0.067), PDGF-AA Me = 177.81, Q1 = 114.33,
Q3 = 256.46 and Me = 191.2, Q1 = 137.72, Q3 = 252.15, respectively, p = 0.557), PlGF
(Me = 3.24, Q1 = 2.9, Q3 = 4.48 and Me = 3.41, Q1 = 2.9, Q3 = 3.94, respectively, p = 0.931),
VEGF-D (Me = 79.41, Q1 = 75.32, Q3 = 86.28 and Me = 78.05, Q1 = 72.61, Q3 = 83.52,
respectively, p = 0.182), thrombospondin-2 (Me = 5534, Q1 = 4455, Q3 = 6725 and Me = 5321,
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Q1 = 4113, Q3 = 6642, respectively, p = 0.553), angiopoetin-1 (Me = 2356, Q1 = 1129, Q3 = 3760
and Me = 2926, Q1 = 1819, Q3 = 3958, respectively, p = 0.224), and VEGF (Me = 12.5,
Q1 = 5.2, Q3 = 20.5 and Me = 9.8, Q1 = 6.8, Q3 = 16.8, respectively, p = 0.968).

The baseline ophthalmological characteristics of patients and controls are presented
in Table 2. The groups differed significantly in terms of best-corrected visual acuity and
mean CT (Table 2).

Table 2. Ophthalmological characteristics of patients with acute and chronic central serous chori-
oretinopathy as well as controls.

Variable
Chronic CSC

(n = 30)
Acute CSC

(n = 30)
Controls
(n = 20)

p Value

CT, µm 406.1 (88.1) 421.5 (85.3) 317.4 (61.4) <0.001 1

Affected eye, n (%)
Right 10 (33.3) 14 (46.7) -

0.225 2Left 12 (40) 13 (43.3) -
Both 8 (26.7) 3 (10.0) -

BCVA(logMAR), n (%)
0.3< * ≤0.0 23 (76.7) 20 (66.7) 20 (100.0)

0.017 3
1.0≤ * ≤0.3 7 (23.3) 10 (33.3) 0

* BCVA score. 1 F(2.76) = 10.770; 2 X2(2) = 2.979; 3 X2(2) = 8.092. Data were expressed as mean and standard

deviation where the analysis of variance was used for comparisons unless specified as number (percentage)

using the Pearson χ2 test or the Fisher–Freeman–Halton test as appropriate. A p value of less than 0.05 was

considered significant. Abbreviations: BCVA, best corrected visual acuity; CSC, central serous chorioretinopathy;

CT, choroidal thickness.

At the time of data collection, all patients were treatment naive. Different treatment
modalities were applied after plasma samples were collected.

Data on the plasma levels of angiogenic factors in patients with acute and chronic
CSC as well as controls are shown in Table 3.

Table 3. Plasma levels of angiogenic factors in patients with acute and chronic central serous chorioretinopathy as well as
controls.

Angiogenic Factor, pg/mL
Acute CSC

(n = 30)
Chronic CSC

(n = 30)
Controls
(n = 20)

p Value

PEDF 94.99 (47.91–200.92) 82.89 (45.73–155.99) 74.12 (54.45–159.35) 0.80 1

FGF-basic 48.97 (2.74) 48.97 (4.71) 50.49 (3.11) 0.28 2

Endostatin 18,009.97 (4466.25) 18,241.17 (4524.54) 16,854.20 (3182.28) 0.49 3

FGF-acid 127.40 (7.92) 125.20 (8.11) 126.08 (8.20) 0.58 4

PDGF-AA 179.04 (87.66) 200.23 (143.25) 265.19 (97.72) 0.03 5

PlGF 3.40 (0.76) 3.44 (0.91) 3.99 (0.96) 0.045 6

VEGF-D 78.62 (5.88) 76.93 (9.66) 77.94 (6.99) 0.70 7

Trombospondin-2 4661.00 (4070.00–6002.00) 5478.00 (5420.00–6933.00) 5898.00 (4750.00–6857.00) 0.07 8

Angiopoietin-1 2894.00 (1722.00–3760.00) 2373.00 (1321.00–2943.00) 3982.00 (2411.00–5617.00) 0.01 9

VEGF 8.80 (6.00-14.40) 9.40 (6.60-13.10) 14.50 (8.60-23.00) 0.07 10

1 X2(2) = 0.447; 2 F(2.77) = 1.275; 3 F(2.77) = 0.707; 4 F(2.76) = 0.553; 5 F(2.77) = 3.558; 6 F(2.77) = 3.230; 7 F(2.77) = 0.359; 8 X2(2) = 5.248;
9 X2(2) = 9.656; 10 X2(2) = 5.091. Data are shown as mean and standard deviation where the analysis of variance was used for comparisons
or as median (interquartile range) using the Kruskal–Wallis test for comparison. A p value of less than 0.05 was considered significant.
Abbreviations: CSC, central serous chorioretinopathy; FGF, fibroblast growth factor; PEDF, pigment epithelium–derived factor; PDGF,
platelet-derived growth factor; PlGF, placental growth factor; VEGF, vascular endothelial growth factor.

Intergroup comparisons of the plasma levels of the 10 measured angiogenic factors
revealed significant differences between the study groups for angiopoietin-1, PlGF, and
PDGF-AA (Figure 1a–c). There were no differences in the levels of the remaining antiangio-
genic factors among the three groups (p > 0.05).
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Figure 1. Box-and-whisker plot of: (a) plasma angiopoietin-1 (p = 0.01; X2(2) = 9.656); (b) placental
growth factor (PlGF; p = 0.045; F(2.77) = 3.230); and (c) plasma pigment epithelium–derived factor
(PDGF-AA; p = 0.03; F(2.77) = 3.558) levels in patients with acute central serous chorioretinopathy,
patients with chronic central serous chorioretinopathy and controls. The line inside the box represents
the median; the lower and upper sides of the box represent the lower and upper quartiles, respectively.
Whiskers represent cases distant up to 1.5 of interquartile range (IQR) from the respective quartile;
circles, cases distant from 1.5 to 3 IQRs. p values were estimated using the analysis of variance for
normally distributed variables and the Kruskal–Wallis test otherwise.
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Subsequent pairwise comparisons showed that in patients with acute CSC (n = 30),
plasma PDGF-AA levels were significantly lower than in the controls (n = 20) (Figure 2),
whereas in patients with chronic CSC (n = 30), angiopoietin-1 levels were significantly
lower than in the controls (n = 20) (Figure 3).

Figure 2. Box-and-whisker plot of plasma pigment epithelium–derived factor (PDGF-AA) levels in
patients with acute central serous chorioretinopathy and controls (p = 0.002; t(48) = 3.252). The line
inside the box represents the median; the lower and upper sides of the box represent the lower and
upper quartiles, respectively. Whiskers represent cases distant up to 1.5 of interquartile range (IQR)
from the respective quartile; circles, cases distant from 1.5 to 3 IQRs. p values were estimated using
the analysis of variance post-hoc Bonferroni test.

Figure 3. Box-and-whisker plot of plasma angiopoietin-1 levels in patients with chronic central
serous chorioretinopathy and controls (p = 0.007; X2(2) = 9.656; post hoc test statistics = 20.3). The
line inside the box represents the median; the lower and upper sides of the box represent the lower
and upper quartiles, respectively. Whiskers represent cases distant up to 1.5 of interquartile range
(IQR) from the respective quartile; circles, cases distant from 1.5 to 3 IQRs. p values were estimated
using the post-hoc pairwise comparison for the Kruskal–Wallis test with Bonferroni correction.

Additionally, we performed an analysis for the whole CSC group (patients with both
chronic and acute form, n = 60) vs. controls (n = 20). Plasma VEGF, PDGF-AA, and PlGF
levels in patients with acute or chronic CSC (n = 60) were significantly lower than in the
controls (Figure 4a–c).
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Figure 4. Box-and-whisker plot of: (a) plasma vascular endothelial growth factor (VEGF; p = 0.024);
(b) plasma placental growth factor (PlGF; p = 0.013; t(48)= −2.551); (c) platelet-derived growth factor
AA (PDGF-AA; p = 0.012; t(48) = −2.577) levels in all patients with central serous chorioretinopathy
(acute and chronic) and controls. The line inside the box represents the median; the lower and upper
sides of the box represent the lower and upper quartiles, respectively. Whiskers represent cases
distant up to 1.5 of interquartile range (IQR) from the respective quartile; circles, cases distant from
1.5 to 3 IQRs. p values were estimated using the t-test for normally distributed variables and the
Mann–Whitney test otherwise.
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The analysis of the correlation between mean CT and VEGF for the whole CSC cohort
(n = 60) revealed an inverse correlation, which was particularly prominent after exclusion
of a single outlier in VEGF measurement (>50 pg/mL) (Figure 5a). Further analysis proved
that this correlation was true for patients with chronic CSC (Figure 5b), but was not
observed in the acute-CSC group (rho = 0.07, p = 0.721).

Figure 5. Scatterplots showing the correlations between: (a) mean choroidal thickness (CT) and
vascular endothelial growth factor (VEGF) levels in patients with acute and chronic central serous
chorioretinopathy (rho = −0.27, p = 0.044); (b) mean CT and VEGF levels in patients with chronic
central serous chorioretinopathy (rho = −0.48, p = 0.009). The strength of the relationship between
the variables was estimated using the Spearman rank correlation coefficient rho. The shape of the
relationship was presented using the loess curve.

4. Discussion

Choroidal vasculature plays a crucial role in retinal homeostasis and preservation of
good vision and vision-related Quality of Life [27]. Importantly, the key pathophysiologic
mechanism in CSC is associated with the presence of abnormally thick choroid, hyperper-
meable, and dilated choroidal vessels with or without RPE abnormalities overlying the
pachyvessels [7]. Dysregulation in angiogenesis and arteriogenesis has been suggested as
an underlying mechanism for the development of some chorioretinal diseases [3,19].

Angiogenesis is a highly controlled process involving the formation of new blood
vessels from a preexisting vascular bed and depends on an intricate balance of both proan-
giogenic and antiangiogenic factors. On the other hand, arteriogenesis refers to anatomic
transformation of preexisting arterioles, with an increase in the lumen area and wall
thickness, due to a thick muscular layer and development of viscoelastic and vasomo-
tor capacities [25]. The two processes differ in several aspects, with the most important
being that angiogenesis depends on hypoxia and arteriogenesis on inflammation [25].
Based on these facts, it may be suspected that there is a relationship between the patho-
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genesis of pachychoroid diseases, especially CSC, and the levels of angiogenic factors in
human blood.

To the best of our knowledge, this is the first study that assessed the plasma levels of
angiogenic factors such as angiopoietin-1, endostatin, FGF-acidic, FGF-basic, PlGF, PDGF-
AA, thrombospondin-2, VEGF, VEGF-D, and PEDF in patients with CSC in comparison
with heathy individuals. We noted differences in the plasma levels of angiopoietin-1, PlGF,
and PDGF-AA between patients with acute and chronic CSC as well as the controls. The
levels of PDGF-AA were downregulated only in acute CSC, whereas those of angiopoietin-1
only in chronic CSC, compared with the controls.

It has been shown that angiopoietin-1 is essential for vessel stabilization and quies-
cence in adults [28]. In this context, Lee et al. [29] found that the interendothelial junctional
protein reduced recruitment and infiltration of macrophages from the Bruch’s membrane,
thus preventing CNV formation and consecutive vascular leakage. Interestingly, a dysreg-
ulated interaction between the RPE and infiltrated macrophages results in upregulation
of angiogenesis and leads to choroidal abnormalities in chronic CSC [30]. Terao et al. [30]
reported that inflammation, accompanied by macrophage infiltration, into the choroid
and retina may cause CSC progression from the acute to chronic form. Angiopoietin-1 is
also known to support endothelial cell stabilization by activating the Tie-2 receptor and to
decrease vascular leakage by increasing the level of the interendothelial cell junction pro-
teins [29]. Previous studies revealed that angiopoietin-1 prevents the VEGF-A–mediated
junction disruption [21]; however, a recent report indicated that it may directly stabilize
vascular endothelial cadherin and zonula occludens-1 by regulating the RhoA-specific
guanine nucleotide exchange factor Syx [31]. Noteworthy, administration of angiopoietin-1
into the vitreous body upregulates the expression of vascular endothelial cadherin and
zonula occludens-1, the key factors of endothelial cell-to-cell junctions preserving vascular
integrity [28,32]. We hypothesized that the deficiency of angiopoietin-1 demonstrated in
our study may result in dissociation of endothelial tight junctions in the choriocapillaris and
choroid, leading to chronic vascular dysfunction associated with the prolonged presence of
the serous retinal detachment and/or fluid under the RPE in the course of chronic CSC.

Schubert et al. [33] postulated that structural and molecular changes in the choriocap-
illaris and choroid in CSC can alter the microenvironment of the RPE. This, in turn, can
affect RPE barrier capabilities and its transport [33]. The endothelial cells of the choriocap-
illaris are fenestrated; therefore, they have higher permeability than the nonfenestrated
retinal capillaries. This may suggest that even in physiological conditions, the RPE is
regularly exposed to plasma filtrate [33]. In our study, the plasma concentrations of PlGF
and PDGF-AA were downregulated in patients with CSC compared with the controls.
Placental growth factor is a multifunctional cytokine affecting diverse cellular activities [34].
Its pleiotropic effects on junction stabilization, survival, proliferation, and metabolism as
well activation effects on vascular cells (i.e., pericytes and smooth muscle cells, endothelial
cells) were reported [34]. There is an increasing body of evidence showing that lowering
or elevating PlGF expression may lead to various diseases [34]. Moreover, PlGF increases
the expression of some angiogenic factors such as VEGF, PDGF-B, and FGF-2 [29], which
stimulate angiogenesis through proliferation of endothelial cells and arteriogenesis through
smooth muscles [35].

Platelet-derived growth factor stimulates both arteriogenesis and angiogenesis [25].
Tumor growth factor-β produced by different cells is a chemoattractant for monocytes. It
also stimulates the expression of PDGF by these cells during arteriogenesis [35], which
may be involved in the development of CNV in chronic CSC [36]. The deficiency of PDGF
in acute CSC may explain the absence of CNV, but this hypothesis merits further research.
Saito et al. [37] confirmed that PDGF-AA was crucial for retina regeneration within the first
hours after injury; therefore, its deficiency may play a role in the acute form of CSC.

In our study, the VEGF was significantly downregulated in patients with CSC (both
acute and chronic) compared with the controls. Only a few studies assessed angiogenic
factors in plasma and aqueous humor (AH) of patients with CSC. Lim et al. [38] did not
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show any differences in plasma and AH levels of VEGF in CSC compared with the controls.
However, the study was limited by a small group of patients, mostly with acute CSC, which
precluded a definitive conclusion. Shin et al. [39] reported similar, but very low, AH levels
of VEGF in patients with CSC and the controls, but PDGF levels were lower in CSC.

Downregulated plasma VEGF levels in CSC compared with the healthy individu-
als observed in our study may partially explain an unsatisfactory effect of intravitreal
anti-VEGF treatment in patients with CSC [2,40]. Even though CSC is described as a
vascular disorder (pachychoroid), the primary exudative component leading to a macular
detachment is considered to be nonvasogenic, which means that it does not result directly
from the proliferation of choroidal vessels [8,41]. This is an essential difference between
CSC and other conditions presenting with serous macular detachment and CNV such as
nAMD [8,41,42].

The fact that chronic CSC can be associated with the presence of CNV [16,17] does
not contradict the results of our study, which revealed lower plasma VEGF levels in CSC
patients compared with the controls. This is in line with the studies by Spaide et al. [36] and
Sacconi et al. [43]. They hypothesized that CNV in CSC occurs as a result of proliferation
of new vessels during arteriogenesis, which is characterized by dilation of the existing
vascular channels and is independent of VEGF (unlike angiogenesis, which is highly VEGF
dependent) [44]. On the other hand, VEGF alters the junctional integrity, downregulates
the expression of occludin and zonula occludens-1 [45–48], which results in increased
permeability and angiogenesis [15,49]. Downregulated VEGF levels observed in our study
may suggest that the mechanism of vascular hyperpermeability in CSC is similar to that
of CNV in VEGF independent CSC and may result from altered flow in dilated choroidal
vessels (pachyvessels) [7]. The increased flow leads to endothelial cell proliferation, with
luminar expansion and release of platelet endothelial cell adhesion molecule-1, monocyte
chemoattractant protein-1, intracellular adhesion molecule-1, and vascular cell adhesion
molecule-1 [50]. As a result, increased endothelial permeability, as indicated by the leakage
of plasma proteins, erythrocytes, and platelets into the vascular wall and the adherence of
monocytes to the endothelium, was observed, along with the recruitment of circulating
monocytes and resident macrophages [51]. This, in turn, promotes arteriogenesis by the
ability of monocytes and macrophages to secrete metalloproteinases, chemokines, and
growth factors [25,52].

We hypothesized that the impaired function of RPE cells in CSC, a major source of
ocular proangiogenic proteins, may result in decreased intraocular levels of VEGF, but it
does not fully explain the downregulation of the other analyzed proangiogenic factors in
the eyes, especially in plasma. This issue merits further investigation.

In the current study, we did not find differences in the levels of antiangiogenic proteins,
trombospondin-2, and endostatin between patients with CSC and the controls. It is well
known that antihypertensive drugs affect angiogenesis [53,54]. However, in our study, we
did not observe any differences in the levels of proangiogenic and antiangiogenic factors
between patients using at least one antihypertensive drug and those not receiving any
medication. This finding requires further research.

In our study, an inverse correlation between mean CT and VEGF was observed
in chronic CSC. It was shown that a decrease in VEGF levels in intraocular fluids as a
result of intravitreal anti-VEGF therapy leads to a decrease in CT in patients with diabetic
retinopathy [55]. Furthermore, some studies reported a decrease in CT in patients with
acute CSC after anti-VEGF treatment [56]. These data suggest that certain levels of VEGF
are necessary to maintain choroidal stability and function, which is also in line with our
results. Nevertheless, this is an interesting phenomenon that definitely deserves a more
substantial discussion and more thorough research.

Our study was limited by the fact that it was performed at a single time point and
only plasma, and not AH, samples were investigated. Moreover, there were possible
confounding factors affecting the levels of angiogenic factors such as concomitant anti-
hypertensive treatment. Finally, during blood sample collection, we did not record the

63



J. Clin. Med. 2021, 10, 1087

stage of the menstruation cycle in women at reproductive age, while menstruation cycle
is known to affect angiogenic markers. Although the lack of AH assessment may be an
important limitation, the significant differences in the plasma levels of angiogenic factors
are an interesting finding, indicating that CSC might be a systemic disease.

5. Conclusions

Downregulated angiopoietin-1, VEGF, PDGF-AA, and PlGF levels observed in our
study may highlight the previously unknown role of the imbalanced levels of proan-
giogenic and antiangiogenic factors, which affect choroidal hyperpermeability and exert
profound changes in venular structure and function, thus possibly contributing to the
pathogenesis of CSC. Lower plasma levels of VEGF in patients with CSC may support
the hypothesis that CNV occurs in these patients as a result of arteriogenesis, which is
less VEGF-dependent than angiogenesis. Moreover, our findings may support the search
for new therapeutic strategies in CSC. Nevertheless, the underlying mechanisms that
contribute to this condition remain largely unknown and require further studies.
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Abstract: Idiopathic peripheral retinal telangiectasia (IPT), often termed as Coats disease, can present

in a milder form with the onset in adulthood. The goal of this case series study and literature

review was to describe and classify different presenting forms and treatment of this entity and to

review contemporary methods of its management. Six cases of adult onset IPT were described with

the following phenotypes based on fundus ophthalmoscopy, fluorescein angiography, and optical

coherence tomography findings: IPT without exudates or foveal involvement, IPT with peripheral

exudates without foveal involvement, IPT with peripheral exudates and cystoid macular edema,

and IPT with peripheral and macular hard exudates. Treatments applied in this series included

observation, laser photocoagulation, and anti-vascular endothelial growth factor (VEGF) treatment

with variable outcomes depending upon the extent of IPT, the aggressiveness of laser treatment, and

the stringency of follow-up. The accompanying literature review suggests that ablative therapies,

especially laser photocoagulation, remain the most effective treatment option in adult-onset IPT, with

anti-VEGF therapy serving as an adjuvant procedure. Close follow-up is necessary to achieve and

maintain reasonable good visual and morphological results.

Keywords: Coats disease; peripheral retinal telangiectasia; laser photocoagulation; anti-VEGF treatment

1. Introduction

Idiopathic peripheral retinal telangiectasia (IPT), usually referred to as Coats disease,
has been well-described in the medical literature since its discovery in 1908 [1]. Coats
disease is an idiopathic condition characterized by telangiectatic and aneurysmal retinal
vessels with intraretinal and subretinal exudation and fluid without appreciable retinal or
vitreal traction, frequently associated with retinal detachment [2]. The pathogenesis and
progression of that disease depends on the impairment of retinal vasculature. Alterations
of endothelium of retinal vessels lead to breaking of blood-retinal barrier and presence of
abnormal pericytes, causing formation of telangiectasias and closure of some vessels [3,4].
Exudation of lipids from the damaged vessels follows and is responsible for retinal detach-
ment and cyst formation as well as retinal ischemia due to vessel closure [5]. The process is
described as similar to pathogenesis of diabetic retinopathy, but definitely more severe and
rapid [6].

Coats disease commonly presents unilaterally with strong male predominance. It has
reportedly occurred in patients ranging from 4 months to 70 years of age, with the peak
incidence in the first decade of life [5]. Its severe form (referred to as Coats disease) and
milder form (sometimes termed Leber miliary aneurysms) that commonly present in adults,
were initially described as separate entities [7]. Now, they are considered to be variable
expressions of the same disease This explains its adult onset, as milder forms often stay
asymptomatic for a long period of time [8,9]. Less severe forms of Coats disease fall into
category 1, 2A and 2 B of the Shields classification commonly used to describe the stages
of this disease [10]. Nevertheless, the perception of many ophthalmologists is that Coats
disease is attributed to young children, only, and limited peripheral forms of this clinical
entity are still frequently labeled differently, which causes inconsistencies in classification of
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the disease. Moreover, different systems of classification of retinal telangiectasia sometimes
mix peripheral and central variants of the entity [11,12]. Terminology used to describe
retinal telangiectasias together with their characteristics is provided in Table 1.

Table 1. Terminology used to describe idiopathic retinal telangiectasias.

Term Characteristics

Coats disease

Idiopathic, nonhereditary aneurysmal retinal
telangiectasia associated with intraretinal exudation and

frequent exudative retinal detachment, occurring in
patients aged a few months to seven decades with the

peak in the first decade of life [2]

Leber miliary aneurysms
A milder variant of Coats disease, usually occurring in
young adults and located at the retinal periphery [7–9]

Idiopathic retinal telangiectasia A descriptive name for a Coats disease

MACTEL type 1
Macular telangiectasia type 1—aneurysmal type of

macular telangiectasia, considered a central variant of
Coats disease [13]

MACTEL type 2

Macular telangiectasia type 2—non-aneurysmal perifoveal
capillary telangiectasia, associated with atrophy of

neurosensory retina, presenting in the non-proliferative or
proliferative form [13,14]

The diagnosis of IPT also can be challenging. Peripheral retinal telangiectasias ac-
company some rare systemic conditions, so before diagnosing the idiopathic form, it is
important to rule out the primary underlying condition. Moreover, IPT is often asymp-
tomatic and, as such, frequently missed, thus obscuring the real prevalence of the disease.
On the other hand, if IPT results in macular edema and the far periphery of the retina is not
examined, the condition might not be recognized as being secondary to the lesion located
outside the posterior pole, leading to an erroneous therapeutic approach and sometimes
lack of medical improvement.

Finally, there are numerous approaches to treatment for the different phenotypes of
IPT, which have evolved in concert with progress in ophthalmology and the advent of new
therapeutic methods.

The goal of this case series report was to present the different forms of presentation
of IPT seen in an adult patient population as well as the observed responses to variable
treatment modalities. Various diagnostic and therapeutic scenarios experienced by the
author are placed in the perspective of available research from other clinicians.

2. Materials and Methods

A retrospective search of Dobry Wzrok clinic medical records was conducted to iden-
tify adult patients with peripheral telangiectasia confirmed by the results of fluorescein
angiography (FA). Cases of aneurysmal macular telangiectasia (MACTEL type 1) as de-
scribed in the classification of MACTEL proposed by Yanuzzi in 2006 were excluded from
this study because they involved a centralized lesion location [13]. Additionally, a liter-
ature search was performed in the PubMed database for the phrase “peripheral retinal
telangiectasias” and the combination of words “Coats disease” and “adult onset.”

3. Results

The Dobry Wzrok clinic records contained six cases of idiopathic peripheral retinal
telangiectasia in adults aged 21 to 60 years, including five men and one woman. In all cases,
lesions were limited to one eye only and the other eye remained without compromise.
Patient characteristics are presented in Table 2.

68



J. Clin. Med. 2021, 10, 1767

Table 2. Characteristics of patients with peripheral telangiectasias in this case series.

Case No/Gender
Proposed
Category

Age
(Years)

Eye, BCVA,
Presentation of

the Macula
Treatment Follow-Up

Final BCVA and
Disease State

1. M 1 20
RE, 20/20; no exudates,

macular area normal
Observation 12 months

20/20; no
progression

2. F 2 60
LE, 20/25; peripheral

hard exudates, macular
area normal

LPC in the
periphery

12 months
20/25; no

progression

3. M 3 20
LE, 20/60; peripheral
hard exudates, CME

without exudates

LPC in the
periphery,

intravitreal
anti-VEGF

12 months
20/30; remission

of CME

4. M 3 44

RE, 20/25; demarcated
peripheral hard

exudates, mild CME
without exudates

LPC in the
periphery,

intravitreal
anti-VEGF

20 months
20/80; progression

of CME despite
treatment

5. M 3 55

RE, 20/100; asteroid
hyalosis, localized hard

exudates outside the
fovea, CME without

exudates; risk of
macular hole formation

LPC in the
periphery

6 months

20/100; no
improvement,

intravitreal
anti-VEGF

scheduled, possible
surgical treatment

6. M 4 21
LE, 6/200; peripheral

and central hard
exudates, CME

LPC in the
periphery and
GRID in the

macula

12 months
20/20; remission

of ME

M—male, F—female, RE—right eye, LE—left eye, BCVA—best-corrected visual acuity; CME—cystoid macular edema; LPC—laser
photocoagulation; VEGF—vascular endothelial growth factor.

Study participants were divided into four categories depending on their presentation
as follows:

• Category 1: IPT without peripheral exudates and without macular involvement
(patient 1)

• Category 2: IPT with peripheral exudates and without macular involvement (patient 2)
• Category 3: IPT with peripheral exudates and cystoid macular edema without exu-

dates (patients 3,4,5)
• Category 4: IPT with peripheral exudates and macular hard exudates and edema

(patient 6)

3.1. Categories 1 and 2

Patients 1 and 2 were two cases of asymptomatic IPT found in our records search. In
both cases, the length of follow-up was about 12 months. Both cases were asymptomatic—
the lesions were found during routine ophthalmological examinations. Fundus examina-
tion and FA in both cases revealed IPT limited to a relatively small area of the peripheral
retina. In one case, some amount of flat, hard exudates was observed at the border of
the lesion, but macular edema was not present (patient 2) (Figure 1). In that case, laser
photocoagulation (LPC) was applied to the IPT area (Figure 2). The other case was fol-
lowed without any treatment; during the follow-up period, no telangiectasia progression
was observed.

3.2. Category 3

Category 3 consisted of three cases of IPT that presented with mild to moderate
macular cystoid edema without hard exudates (patients 3–5). All of these patients were
symptomatic and complained of vision impairment in one eye. In all cases, the duration
of symptoms was relatively short, according to the patients, at between one and three
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months. The diagnosis of IPT was confirmed by FA and macular edema was evaluated
and monitored with spectral-domain optical coherence tomography (SD-OCT). Two cases
(patients 3, 4) were treated with LPC of peripheral lesions combined with intravitreal
bevacizumab or aflibercept injections. One patient (patient 5) underwent LPC and was
scheduled for anti-vascular endothelial growth factor (VEGF) treatment. In one case
(patient 3), complete remission of CME was noted after 12 months of follow-up; his BCVA
remained stable at the level of 20/30 and did not improve further. FA photographs and
SD-OCT scans before and after treatment are presented in Figures 3 and 4.

  

(A) (B) 

Figure 1. Fundus photograph (A) and FA image (B) of patient 2. A ring of hard exudates is visible at the periphery of the
supranasal quadrant of the fundus. Fluorescein angiography revealed IPT located within the relatively small area of hard
exudates. Macular edema is absent.

  

(A) (B) 

Figure 2. Fundus photograph (A) and FA image (B) of patient 2 after LPC of IPT. Partial resolution of hard exudates
is visible.
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(A) (B) 

  

(C) (D) 

 

(E) 

Figure 3. Pretreatment fundus photographs (A,B), FA images (C,D), and SD-OCT macular scan (E)
of patient 3. Hard exudates are visible in supratemporal quadrant of the fundus of LE. FA reveals
IPT and CME. CME is confirmed by SD-OCT scan.

Patient 4 from category 3 presented with IPT in the shape of a round, well-demarcated
lesion bordering the temporal sector of the macular area and with the fovea appearing
normal during the biomicroscopic examination. FA imaging revealed a typical IPT pattern
within the lesion (Figure 5C). There was only a mild CME detected by SD-OCT, which
was treated subsequently with subthreshold micropulse laser (Figure 5D). The patient
did not show up for follow-up until his vision had significantly decreased to 20/100 at
12 months after his initial presentation. SD-OCT scan at that time revealed significant
macular edema with defects at the ellipsoid zone (Figure 6A). LPC was used to create a
line demarcating the lesion from the fovea in combination with intravitreal bevacizumab.
Intravitreal injections were repeated several times over the following nine months, without
significant morphological changes in the central retina or BCVA improvement (Figure 6B).
At that point, other therapeutic options were considered, such as more intensive LPC or
cryotherapy of the lesion.

71



J. Clin. Med. 2021, 10, 1767

  

(A) (B) 

Figure 4. Fundus photograph (A) and SD-OCT macular scan (B) of patient 3 after LPC and intravitreal aflibercept therapy.
Laser burns are visible on the color fundus photograph. Remission of CME is noted on the SD-OCT scans.

  

(A) (B) 

  

(C) (D) 

Figure 5. Fundus photographs (A,B), FA image (C), and SD-OCT scan (D) at presentation of patient 4.
Color fundus photographs show a well-demarcated lesion located temporally of the macular area.
FA reveals the presence of IPT within the area of the lesion. Only a mild CME is visible on the
SD-OCT scan.

  

(A) (B) 

Figure 6. SD-OCT macular scans of patient 4 at 12 months after initial presentation (A) and after treatment with LPC and
intravitreal anti-VEGF injections (B). Large CME with large pseudocysts is noted on the SD-OCT scans. Only a minor
reduction of edema is observed after treatment.
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The last patient from category 3 (patient 5) presented with a significant decrease in
BCVA to 20/100. Fundus examination and FA revealed IPT in the supratemporal quadrant
with an accompanying ring of hard exudates as well as CME visible on FA in the late phase
(Figure 7). SD-OCT imaging confirmed the presence of significant CME with subretinal
fluid and the risk of full thickness macular hole formation (Figure 7E). Vitreoretinal traction
was not observed. The patient underwent LPC applied at the peripheral lesion; however,
its efficacy was limited due to asteroid hyalosis, which made the procedure difficult to
perform. At the moment, the patient is scheduled for supplementary LPC and intravitreal
anti-VEGF treatment. Subsequent vitreoretinal surgery is also considered with increasing
risk of progression to macular hole.

  

(A) (B) 

  

(C) (D) 

 

(E) 

Figure 7. (A–E) Diagnostic images of patient 5. Fundus photographs (A,B) revealing peripheral
exudates. Asteroid hyalosis obscures the visibility of the lesion. FA photos present leakage from IPT
and late staining of the fovea due to CME (C,D). SD-OCT scan (E) confirms the presence of CME and
the risk of full thickness retinal hole formation.
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3.3. Category 4

One patient in group 4 was diagnosed with a significant decrease in BCVA due to
macular edema with the presence of hard exudates (patient 6). The course of his disease
was relatively short, in that symptoms lasted between two and three weeks. The patient
was diagnosed using FA only and treated with classic LPC performed in a scatter mode at
the periphery and GRID at the macula. SD-OCT and intravitreal anti-VEGF therapeutics
were not present on the medical market at the time of diagnosis, so were not employed
for treatment purposes. Significant functional improvement was noted one month after
treatment, with further improvement in the following months. Finally, after 12 months,
full central vision was restored; however, some metamorphopsia persisted. Images taken
at presentation and after treatment are shown in Figures 8 and 9.

  

(A) (B) 

 

(C) 

Figure 8. Fundus photographs (A) and FA images (B,C) at presentation of patient 6. A cluster of hard exudates is visible in
the center of the macula. No vascular abnormalities were detected by FA at the fovea (B). Examination of the far periphery
of the retina enabled visualization of large aneurysmal telangiectasias (C).
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Figure 9. Patient 6 at one year after treatment. On the fundus photograph, complete resolution of hard exudates can be seen
(A). Laser spots after GRID treatment in the macular center and after scatter photocoagulation at the periphery are noted
(B). FA shows a lack of macular edema and destruction of the aneurysms at the periphery (C,D).

4. Literature Review

A literature search in PubMed for the term “peripheral retinal telangiectasias” and
the combination of “Coats disease” and “adult onset” revealed 178 records, including 71
that referred to either adults only or both adults and children. Among these studies, there
were 33 single case reports, 22 case reports of peripheral telangiectasia associated with
systemic diseases, and 14 case series. Two reviews on wide-field diagnostics of peripheral
telangiectasia were also found. Studies that reported at least three cases of adult-onset
Coats disease published after 2000 were extracted and are presented in Table 3. The two
largest population studies [10,15], which analyzed results of childhood and adult Coats
disease in one cohort, are placed at the end of the table for reference.

Table 3. The largest adult-onset Coats disease case series, including at least three cases and reporting treatment options,
published after 2000.

Study Population Treatment Mean Follow-Up Main Outcome

Smithen et al.,
2005 [16]

13 adults >35 years
LPC in 11 cases; 2 cases

observed (short
follow-up)

5.8 years (range: 0–17)

Average loss of 2.1 lines. BCVA
improvement in 2 cases, stability
in 3 cases, and decline in 6 cases.

At the final follow-up,
BCVA ≥ 20/40 in 5 cases and

BCVA < 20/200 in 3 cases.
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Table 3. Cont.

Study Population Treatment Mean Follow-Up Main Outcome

Goel et al.,
2011 [17]

3 adults
Single intravitreal

bevacizumab followed
by LPC

9 months

Significant improvement of BCVA
in all cases of from counting

fingers to 20/300, counting fingers
to 20/240, and 20/240 to 20/120;
regression of hard exudates from

the macula in all cases

Wang et al.,
2011 [18]

3 adults
2 injections of

bevacizumab followed
by LPC

0.5–2 years (2, 0.5, 1
years, respectively)

Significant improvement in BCVA,
reduction of CRT, and regression

of telangiectasias.

• Case 1: BCVA change from
6/15 to 6/6.7; CRT reduction
from 437 to 230 µm

• Case 2: BCVA change from
6/12 to 6/6, decrease in SRF
(exact numbers not reported)

• Case 3: BCVA change from
5/60 to 6/20; CRT reduction
from 412 to 330 µm

Zheng et al.,
2014 [19]

5 adults

Intravitreal
bevacizumab followed

by LPC (3 cases) or
intravitreal

triamcinolone (1 case)
or subsequent

intravitreal
bevacizumab (average
of 2 injections during

follow-up)

10.6 months

Resolution of subretinal fluid and
telangiectasias without significant

improvement in BCVA (range:
1.42–1.25 logMAR). Vitreoretinal

fibrosis in two cases.

Park et al.,
2016 [20]

13 adults

LPC combined with
intravitreal

bevacizumab (mean no.
of injections: 2.69 and

mean no of laser
sessions: 1.68)

24.8 months

Mean BCVA change from
0.72 logMAR to 0.68 logMAR

(statistically insignificant). BCVA
improvement of more than 3 lines
in 3 patients (23%) and stability in
7 patients (54%). Mean CRT was

significantly decreased from 473 to
288 µm. Poor baseline BCVA and

subfoveal hard exudates correlated
with poor final BCVA result.

Rishi et al.,
2016 [21]

48 adults ≥ 35 years
32 cases observed >

6 months

LPC (60.4%),
observation (27.08%),

surgery (6.2%),
cryotherapy (4%), LPC
plus cryotherapy (2%)

40 months (range:
1–122 months)

Patients with follow-up longer
than 6 months (32 cases):

• Treated: BCVA improvement
or stabilization in 82.5%; exu-
dates reduced in 56.5%, retina
attached in 95.6%

• Untreated: BCVA stabiliza-
tion in 88%, no improve-
ment; exudates reduced in
33%, retina attached in 66%

(exact BCVA values not reported)
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Table 3. Cont.

Study Population Treatment Mean Follow-Up Main Outcome

Zhang et al.,
2018 [22]

12 adults

Intravitreal
ranibizumab or

conbercept followed
by LPC

23.10 ± 7.8

Mean BCVA improvement
significant from 1.27 ± 0.69 to 1.05
± 0.73 logMAR; mean injection no.

2.33 ± 0.65, mean no. of laser
treatments 2.5 ± 0.8

Reference studies: children and adults reported in one cohort

Shields et al.,
2001 [10]

124 eyes observed >
6 months Age 1

month to 63 years
(average: 5 years)

Cryotherapy (42%),
LPC (13%), observation
(18%), surgery 17% and

enucleation 11%

55 months (range:
6–300 months)

Anatomic improvement and
stability in 76%. BCVA ≥ 20/50 in

14%, 20/60 to 20/100 in 6%,
20/200 to finger counting in 24%,

and hand motion to light
perception in 40%

Shields et al.,
2019 [15]

351 cases, data from
45 years Age 0–79

years, median:
6 years

Overall (1973–2018):
observation (21%), LPC

(42%), cryotherapy
(55%), sub-Tenon

corticosteroids (12%),
intravitreal

corticosteroids (4%),
anti-VEGF (10%),

and primary
enucleation (5%)
Years 2010–2018:

observation (11%), LPC
(72%), cryotherapy
(68%), sub-Tenon

corticosteroids (29%),
intravitreal

corticosteroids (9%),
anti-VEGF (18%),

primary
enucleation (1%)

58 months (range:
0–466 months)

BCVA overall Verbal

• >20/40 (15%)
• 20/50–20/200 (18%)
• <20/200 (48%)

Preverbal

• Fix and follow (1%)
• Poor fix and follow (0.4%)
• No fix and follow (9%)
• No cooperation (9%)

BCVA Years 2010–2018 Verbal

• >20/40 (24%)
• 20/50–20/200 (22%)
• <20/200 (40%)

Preverbal

• Fix and follow (1%)
• Poor fix and follow (0.0%)
• No fix and follow (5%)
• No cooperation (6%)

Disease resolution overall: 57%
Disease resolution 2010–2018: 73%

BCVA—best-corrected visual acuity; CRT—central retinal thickness; LPC—laser photocoagulation; VEGF—vascular endothelial
growth factor.

5. Discussion

5.1. Definitions, Classification, and Presentation

IPT (or Coats disease) falls under the umbrella of the aneurysmal form of telangiectasia
potentially associated with severe intraretinal leakage, subretinal exudation, and risk of
retinal detachment. This phenotype differs from MACTEL type 2, which present with small
telangiectatic vessels without intraretinal leakage, typical cystic appearance of the fovea,
and atrophic changes in neurosensory retina [13]. The main features of IPT are capillary,
venular, and arteriolar aneurysms. If located in the macular area, these aneurysms are
referred to as MACTEL type 1 and are considered by some to be a variant of Coats
disease [13]. Peripheral aneurysmal telangiectasias are usually larger than macular ones
and more often accompanied by areas of hypoperfusion.

The presence of peripheral telangiectasias may be correlated with some systemic
disorders, some of which are very rare, and, in such cases, are not referred to as Coats
disease. This is an important differentiation because it influences the choice of treatment.
Peripheral telangiectasia can be found in such diseases and syndromes as aplastic anemia,
Bannayan-Zonaya syndrome, cutis marmorata telangiectatica congenita, multiple sclerosis,
Takayasu arteritis, Cornelia de Lange syndrome, familial exudative vitreoretinopathy, ge-

77



J. Clin. Med. 2021, 10, 1767

netic myopathies, dyskeratosis congenital, Coats-like retinitis pigmentosa, and intraocular
tumors [23–35].

Variable terms were used to describe IPT, especially when they occurred in adults
(Table 1). Clinicians named IPT as Coats disease (or adult-onset Coats disease in older
patients), Leber miliary aneurysm, or simple peripheral retinal telangiectasia. Here, the
author proposes that using a single descriptive term such as “idiopathic peripheral reti-
nal telangiectasia” or “idiopathic peripheral aneurysmal telangiectasia” would improve
communication between researchers.

In this case series, adult IPT cases were categorized into four types according to pa-
tients’ fundus presentation and foveal involvement. The proposed classification expands
the well-established Shields categorization of early stages of Coats disease [10]. Shields
categorized the presence of IPT without exudations as Stage 1 while Stage 2 included
patients with IPT and extrafoveal exudations (2A) or foveal exudations (2B). The author
suggests development of Shields Stage 2 into three categories, depending on the presence
and severity of macular edema: IPT with peripheral exudations but without foveal involve-
ment, IPT with peripheral exudations and cystoid macular edema but without macular
exudates, and IPT with both peripheral and macular exudates and edema.

One must realize that Shields’ milestone report was published in 2001 when SD-OCT
and intravitreal medications were not commonly in use; instead, diagnostics in Coats dis-
ease were based on fundus examination and FA results. Nowadays, however, we are able to
precisely diagnose even traceable forms of macular edema with the use of SD-OCT, which
makes it possible to correlate the classification of IPT with the presence and appearance of
macular edema. It must further be emphasized that cases with cystoid macular edema and
a lack of central exudates can be found during the course of the disease; however, they are
not specifically pointed out in the Shields classification scheme. Once they are recognized
and named, it will be easier to make treatment decisions, which, in contemporary ophthal-
mology, involve intravitreal therapies. The four forms of presentation of patients identified
in the present case series may serve as a simple alternative classification system of IPT in
its mild or moderate stage without retinal detachment.

5.2. Diagnostics

Peripheral forms of retinal telangiectasia, if asymptomatic, are probably recognized
and followed quite rarely. In this case series, IPT without foveal involvement were diag-
nosed only after very scrupulous fundus examinations. Nevertheless, these cases could
have easily been omitted by other clinicians, which probably happens most of the time
with asymptomatic IPT. On the other hand, symptomatic cases with macular edema require
diagnostic accuracy, precision, and inquisitiveness. If the far periphery of the retina is not
examined, the presence of macular edema might be attributed to a different clinical entity,
such as Irving–Gass syndrome, pars planitis, diabetic retinopathy, retinal vein occlusion, or
another condition (patient 3 is an example of this). The diagnostics of peripheral retinal
telangiectasia are definitely easier with the use of ultra–wide-field (UWF) FA systems,
which provide an easy view of the periphery of the retina [36–40]. Cases with the lesions
located in the far periphery might be easily missed if only standard seven field imaging
is used. UWF images can also guide treatment, as the areas of abnormal vasculature and
non-perfusion are visualized more precisely [39,40]. Thus, LPC or cryotherapy in IPT cases
diagnosed with UWF-FA systems are potentially more effective, as all the abnormal areas
of the retina are treated. [36]. Still, the use of UWF devices is not common yet due to their
high cost. Nevertheless, the analysis of diagnostic processes in IPT suggests the necessity
of examining the far periphery of the retina in any case presenting with an unexplained
cause of macular edema.

5.3. Treatment

Table 3 presents the results of treatment of adult cases of IPT in the largest available
studies published after 2000. Visual outcomes after treatment in general were rather
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poor, with a minority of patients achieving final BCVA values of greater than 20/40. The
introduction of intravitreal therapies and more frequent use of lasers seemed to improve
visual outcomes; however, a large percentage of patients still ended up with final BCVA
values below 20/200. As can be seen, material is rather scarce, so it is difficult to formulate
strong treatment recommendations based solely on experience with IPT in adult cohorts.
Results of treatment of Coats disease in the pediatric population should therefore also be
considered while exploring the treatment of IPT in the adult population.

Category 1 and 2 in my case series, without foveal involvement, included asymp-
tomatic patients who were referred for FA after a routine examination of the fundus.
Obviously, as mentioned earlier, many IPT cases such as these can pass unrecognized until
they become symptomatic. The question of whether to treat asymptomatic patients with
IPT has to be asked. Shields et al., in their first large published report [10], employed
observation in 100% of stage 1 cases and in 40% of stage 2 cases (the remaining 60% were
treated, including 10% with LPC and 50% with cryotherapy). The authors suggested
conducting observation for mild, stationary forms of IPT without exudations. A lack of
exudations in general means a lack of leakage from the telangiectasias and a small risk for
subretinal fluid to occur. This is why such cases can be monitored simply during regular
check-ups. In this series, one patient with such a form of IPT remained under observation
without conversion into the disease’s exudative form.

Controversies might exist concerning cases with peripheral exudation but without
macular edema. Yang et al., reported that macular disease in IPT progresses from the
periphery to the center [41]. Shields et al., reported excellent visual outcomes in stage 1,
but poor visual outcomes in 30% of cases in stage 2A of the disease [10]. More advanced
stages of IPT involve larger disturbances of retinal morphology and are more difficult to
treat. Large reports from the same center provide information on risk factors predictive
of persistence of subretinal fluid despite treatment in stages 3–5 [42]. Poor outcome was
associated with larger extent of telangiectasias and exudates, larger elevation of subretinal
fluid, and the presence of iris neovascularization, and concerned 38% of patients. These
data suggest that any case of progression or extension of leakage on the periphery should
therefore be treated without delay, which can be done with the use of ablative procedures.
Realistically, as peripheral LPC in adults is a rather uncomplicated and safe procedure
that does not interfere with central vision, it can also be performed without waiting for
documented progression of exudates.

The most challenging cases of IPT involve patients with accompanying macular edema
(categories 3 and 4 in this series). The therapeutic approach in such cases has evolved since
the advent of intravitreal injections; however, to date, there exist only a few studies that
analyzed the efficacy of different treatment modalities solely in adults. This is probably
due to the fact that, in most cases, Coats disease becomes symptomatic and is treated at
younger ages. Adult-onset Coats disease is probably, as mentioned before, a milder form
of its childhood variant, which appears to occur quite rarely. This is why a large number
of cases are so hard to collect and contemporary treatment recommendations have to be
based instead on case reports. The studies by Shields and colleagues constitute milestone
reports of treatment in pediatric Coats disease. In 2001, Shields et al., listed the following
therapeutic procedures applied in 150 cases of Coats disease (the authors report both
childhood and adulthood cases together, with the median age of five years): observation,
cryotherapy, LPC, and surgery for retinal detachment [10]. Meanwhile, the largest analysis
so far (of 351 cases) treated over 45 years, also published by Shields et al., in 2019, reports a
shift toward LPC and intravitreal therapies in the last 10 to 20 years [15].

The advent of anti-VEGF drugs apparently brought about a new chance for patients
to achieve better functional results. It has been proven that VEGF levels are elevated in
Coats disease and are related to disease severity, especially the amount of retinal exuda-
tions [43,44]. Therefore it has been suggested that the use of anti-VEGF agents promotes
the absorption of exudates and a reduction in telangiectasias, thus improving functional
outcomes [45].
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Different anti-VEGF medications have been used in combination with ablative thera-
pies in the treatment of Coats disease. A report from Bascom Palmer Institute details the
successful treatment of 24 children with advanced Coats disease complicated by exudative
retinal detachment with direct laser ablation in combination with anti-VEGF treatment [46].
Zhang et al., presented the results of 28 cases (including 12 adults) treated by the combina-
tion of LPC and intravitreal ranibizumab or conbercept [22], where LPC was applied after
initial anti-VEGF injection and then both treatments were used in a pro re nata (PRN) fash-
ion. These authors noted significant morphological improvements; however, the changes in
BCVA were not statistically significant. On the other hand, Ramasubramanian and Shields
warn that the addition of bevacizumab to standard Coats therapy (LPC and cryotherapy)
might evoke vitreoretinal fibrosis and potentially retinal detachment, rarely seen after
standard therapy [47]. However, Daruich et al., in a large pediatric study did not find
such a relationship [48]. To date, this question remains unanswered, although clinicians
emphasize the benefits of anti-VEGF treatment in Coats disease [17].

In this case series, two patients with IPT and macular edema were treated with the
combination of intravitreal anti-VEGF and LPC and two cases were treated with LPC only.
Interestingly, patient 6, after LPC monotherapy performed almost 15 years ago, practically
had his BCVA completely restored, contrary to the results among patients treated after
the advent of intravitreal therapies. I believe that this outcome is mainly due to the short
duration of macular edema and aggressive LPC that was the treatment of choice at that
time (as intravitreal injections were not available on the market yet). This is also consistent
with the report by Smithen et al., from 2005, when LPC was also the main form of treatment
of Coats disease in adults, where improvement or stabilization of BCVA was noted in 5 of
11 cases [16]. A large pediatric study from 2008 also reported that aggressive diode laser
therapy proved effective in the majority of patients [49].

Among the remaining three cases of this series, one patient (patient 3) was treated with
the combination of anti-VEGF and LPC, achieving morphological and functional success.
The patient underwent very close follow-up and presented relatively early after symptoms
occurred. Patient 4 after his initial visit was lost to follow-up for one year without direct
aggressive laser treatment of IPT. During that time, severe macular edema developed
and a decline in his BCVA to 20/200 was noted, and no improvements after combination
treatment with anti-VEGF therapy plus LPC followed. I believe that the course of this case
emphasizes the necessity of employing early ablative therapies in practically every case of
symptomatic Coats disease. Only anecdotal reports of IPT well-controlled by anti-VEGF
injections alone exist [50].

Photodynamic therapy has been trialed in the treatment of Coats disease; however,
only a few case reports are available in the literature [51–53]. Thus, it should be treated as
an adjunct form of treatment in refractory cases, but not as first-line therapy.

6. Conclusions

Adult-onset Coats disease is a clinical entity of variable presentation and extent.
Available data support the use of ablative therapies, especially LPC, as the main and most
effective means of treatment in every exudative form of peripheral telangiectasias. Only
asymptomatic cases without exudates can be observed. Anti-VEGF treatment seems to
be a useful adjunct to ablative therapies, especially in cases with macular involvement.
Close follow-up is needed in every symptomatic adult-onset Coats disease case. Loss
of follow-up without treatment might result in irreversible vision decline. Despite the
application of different forms of therapies, a large percentage of adult Coats cases end up
experiencing deterioration of vision and poor morphological outcomes.
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Abstract: PURPOSE: The aim of the study was to assess the efficacy and safety of compressive sutures

in patients with hypotony maculopathy after glaucoma surgery. METHODS: This retrospective case

series analyzes the clinical outcomes of conjunctival compressive sutures in 17 patients with hypotony

maculopathy developed after glaucoma surgery. Compressive Nylon 10–0 single sutures were used

in all patients; in two patients, the procedure was repeated. All patients underwent ophthalmic

evaluation and macular OCT scanning before the surgery, one month, six months, and one year after

the procedure. RESULTS: Mean intraocular pressure (IOP) before suturing was 2.3 ± 1.57 mmHg

and increased to 14.2 ± 7.03 mmHg (p = 0.00065) one month after the procedure. After six months,

mean IOP was 10.2 ± 4.3 mmHg (p = 0.005), and after one year ± 4.7 mmHg (p = 0.0117). To obtain

the target pressure, the sutures had to be removed in one patient, and medical therapy was under-

taken in three patients. Mean decimal best-corrected visual acuity (BCVA) before the sutures was

0.18 ± 0.13 and increased to 0.53 ± 0.25 (p = 0.0004) after one month, to 0.46 ± 0.31 (p = 0.005) after

six months, and to 0.31 ± 0.22 (p = 0.025) after one year. In one case, leakage from the bleb was

observed after the procedure and bleb revision was required. CONCLUSIONS: transconjuctival

compressive sutures seem to be an efficient and safe technique for managing hypotony maculopathy

after glaucoma surgery.

Keywords: hypotony maculopathy; complications of antiglaucoma surgery; bleb compressive sutures

1. Introduction

Glaucoma, one of the leading causes of irreversible blindness worldwide [1], is a progres-
sive optic neuropathy, and elevated intraocular pressure (IOP) is one of the main risk factors
for the development and progression of this disease [2]. A decrease of IOP remains the only
clinical method with confirmed efficacy for diminishing the progression rate of glaucoma,
and this effect can be achieved by means of medical treatment, laser, or surgery [3].

After trabeculectomy, a standard surgical glaucoma procedure, aqueous humor flows
into the surgically created filtering bleb [4]. The final success of trabeculectomy depends
not only on the surgical technique but also on the possibility of slowing down the healing
processes [5]. Therefore, the challenge faced by both surgical technique and postsurgical
care is to find a balance between IOP low enough to obtain the target pressure and at the
same time high enough to avoid complications related to ocular hypotony [6]. Additionally,
not every case of post-surgical low IOP level leads to ocular complications [7].

Clinical hypotony is defined as a level of IOP that is too low to maintain the shape
of the eyeball and results in structural and functional changes [8,9]. If left untreated, pro-
longed hypotony may cause various serious complications such as bleb infection, cataract
formation, synechiae, persistent choroidal detachment, or hypotony maculopathy [10].
Hypotony maculopathy and bleb infection in the course of clinical hypotony are potentially
sight-threatening [11,12].
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The clinical characteristics of hypotony maculopathy were first described by Del-
laporta in 1954 as “creasing of retina in hypotonia” [13], but the modern definition of
hypotony maculopathy was introduced by Gass to emphasize the etiology of vision loss in
the setting of chorioretinal folds [14]. Macular hypotony is characterized by a decrease in
visual acuity caused by macular folds, retinal edema, papilledema, and vascular tortuosity.
Structurally, it is believed that low IOP level causes thickening of the perifoveal choroid
and sclera, which results in their central displacement, visible as macular folds. Over
time, these changes cause photoreceptor damage and become irreversible, which can limit
recovery of visual function even after restoration of normal IOP [15,16].

Treatment options for hypotony after glaucoma surgery mainly caused by overfil-
trating blebs include conservative management of topical autologous serum [17], bleb
injection of autologous blood [18] or viscoelastic material [19], and anterior chamber in-
jection of viscoelastic material [20] or gas [21]. Conservative management usually has
minor and only short-lasting effects. Surgical management includes transconjunctival flap
suturing [22,23], excision of thin blebs and conjunctival advancement [16], patch grafting
using donor sclera [24,25], donor cornea [26], and autologous conjunctiva [27,28]. The
variety of described techniques shows that all these procedures have their disadvantages.
On the other hand, the techniques that reduce the transscleral flow by suturing or tissue
patching may lead to limitation of the outflow resulting in very high IOP elevation [29].

Transconjunctival compressive sutures were introduced to the management of post-
surgical hypotony as a simple and effective technique [30]. The aim of the study was to
evaluate the efficacy and safety of transconjunctival suturing of overfiltrating blebs in
hypotony maculopathy after glaucoma surgery.

2. Materials and Methods

The studied group consisted of 17 Caucasian patients with hypotony maculopathy
after glaucoma surgery treated in the Department of Diagnostics and Microsurgery of
Glaucoma, Medical University of Lublin, Poland, between 2015 and 2017. During this
period, every patient who met inclusion criteria participated in the study.

The inclusion criteria was as follows:

• Age at glaucoma diagnosis of over 18 years;
• At least 6 months after the antiglaucoma procedure;
• Clinically significant hypotony: intraocular pressure (IOP) lower than 6 mmHg, asso-

ciated with the BCVA decreased by at least 2 lines on Snellen charts in comparison to
pre-trabeculectomy results;

• Features of hypotony maculopathy with macular folds;
• No progression of the cataract;
• No leakage from the bleb;
• No kissing choroidal effusion.

Clinical and demographic characteristics of the studied group are presented in Table 1.
The studied group included 7 patients with primary open angle glaucoma (POAG), 4 with
glaucoma in the course of pigment dispersion syndrome (PDSG), 4 with pseudo-exfoliative
glaucoma (PEXG) and 1 with primary angle closure glaucoma (PACG).
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Table 1. Clinical and demographic characteristics of the studied group.

Feature n/Mean Value ± SD

Number of patients 17

Gender 8F/10 M

Age 60.5 ± 20.5

Diagnosis

POAG: 7 cases;
PDSG: 4 cases:
PEXG: 4 cases;
PACG: 1 case;

traumatic glaucoma: 1 case.

Primary procedure

Trabeculectomy: 9 cases;
Phacotrabeculectomy: 4 cases;

Needle revision: 3 cases;
Deep sclerectomy: 1 case.

Mean IOP before primary procedure 33.6 ± 11.6 mmHg

Mean IOP before sutures 2.3 ± 1.57 mmHg

BCVA before primary procedure 0.55 ± 0.31

BCVA before sutures 0.18 ± 0.13

Mean MD 16.21 ± 7.45 dB

Mean time between primary procedure and
compression sutures

3.08 years

POAG, primary open angle glaucoma; PDSG, pigment dispersion syndrome; PEXG, pseudo-exfoliative glaucoma;

PACG, primary angle closure glaucoma; IOP, mean intraocular pressure; BCVA, best-corrected visual acuity; MD,

mean deviation.

The information about patients’ medical history was obtained from their clinical records.
At the inclusion visit, patients underwent ophthalmic examination with BCVA (decimal
Snellen charts), Goldman applanation tonometry, slit lamp examination, eye fundus assess-
ment by ophthalmoscopy, and OCT (Stratus, Carl Zeiss Meditec, Dublin, Ireland) measure-
ments assessing the thickness of the macula and the presence of choroidal folds.

During the surgical procedure, 5–7 single Nylon 10–0 sutures were placed transcon-
junctivally in the area of the bleb as described earlier [30]. In brief, after peribulbar
anesthesia, the bulb was rotated downward and single sutures were placed, starting from
the limbus and extending posteriorly as far as possible toward the superior fornix. During
suturing, attempts were made to catch not only the conjunctiva but also a part of the
underlying sclera, if the height of the bleb allowed for it. The sutures were intended to be
placed on the area of existing scleral flap or in its proximity. During the procedure, after
placing the 5th suture, paracentesis was performed and the BSS was administered into the
anterior chamber to assess the increase of IOP and the reduction of the outflow. Further
sutures were added until the increase in IOP was observed (up to 7 sutures). The idea and
the surgical technique are shown in Scheme 1.

A B 

Scheme 1. Transconjunctival sutures placement: A, side view; B, front view.
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In the post-surgical period, only fixed combination of dexamethasone/tobramycine
was used in decreasing doses (starting from 4 times a day, and decreasing 1 drop per week
up to 4 weeks when the drops were stopped). Some patients needed to have installed the
preservatives free lubricant drops.

The patients were controlled one day after the procedure, as well as 7 days, 1 month,
3 months, 6 months, and 12 months after the procedure. During the check-ups, ophthalmic
examination was performed including BCVA testing (decimal Snellen charts), Goldman
applanation tonometry, slit lamp examination, eye fundus assessment by ophthalmoscopy,
and OCT measurements assessing the thickness of the macula and the presence of choroidal
folds. All patients were present at all time-point visits. However, in 2 cases at 6 months,
OCT was not performed because of technical problems. Additionally, the study eye was
examined at every visit to look for possible complications.

Two criteria of success were defined:

1. IOP over 6 mmHg;
2. BCVA improvement of at least 2 lines on a Snellen chart.

Changes in the assessed values (BCVA and IOP) were measured at each control visit
planned in the study by subtracting the preoperative value from the postoperative value.
Statistic evaluation of the data was performed using Statistica 13.1 (Polish version, Statsoft
Poland). The results were reported mainly as mean ± SD or percentage values. A p-value lower
than 0.05 was considered statistically significant. Normal distribution was assessed with the
Shapiro–Wilk test. The Mann–Whitney test was used for non-normally distributed data.

3. Results

Mean IOP before suturing was 2.3 ± 1.57 mmHg and increased to 14.2 ± 7.03 mmHg
(p = 0.00065) at 1 month post-op. After 6 months, mean IOP was 10.2 ± 4.3 mmHg
(p = 0.005); and after one year ± 4.7 mmHg (p = 0.0117) (Figure 1). On day 7 after surgery,
IOP value exceeded 21 mmHg in 4 (23.5%) patients, with a value of over 30 mmHg in one
case. To obtain the target pressure, one patient needed to have one suture removed, and
medical therapy was undertaken in three patients.

 
 

 

Figure 1. Changes in the intraocular pressure during the study period.
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Success criterion 1 (IOP over 6 mmHg) at 7 days post-procedure was achieved in 15
(88%) patients, after 3 months in 10 (59%) patients, and after 6 months in 9 (53%) patients
(and remained stable during the first and second year of follow-up).

Mean BCVA before applying the sutures was 0.18 ± 0.13 and increased to 0.53 ± 0.25
(p = 0.0004) after 1 month; to 0.46 ± 0.31 (p = 0.005) after 6 months; and to 0.31 ± 0.22
(p = 0.025) after one year (Figure 2).

 

μ
μ μ

Figure 2. Changes in best-corrected visual acuity during the study period.

Success Criterion 2 (BCVA improvement of at least 2 lines) was fulfilled in the whole
studied group at 3 months post-procedure, in 14 patients (82%) at 6 months, in 12 (71%) at
1 year, and in 11 (65%) at 2 years.

Mean subfoveal macular thickness before suturing was 316.33 µm, and decreased
to 283.22 µm at 1 month (p = 0.0314), and to 279.77 µm at 1 year (p = 0.0322) (Figure 3).
Macular folds were present in every patients at the inclusion. Starting from 3rd month
macular folds were not observed during ophthalmoscopy in 7 patients (41.1%).

No significant correlations were found between the change in IOP and the change in
mean subfoveal macular thickness in OCT, except for the tendency to a negative correlation
between these results obtained at 6 months (p = 0.1050; R = −0.61). Interestingly, we could
not find any significant correlations between the change in macular thickness in OCT and
the change in BCVA (p = 0.9329 at 3 months; p = 0.2682 at 6 months, and 0.644512 at 1 year).
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Figure 3. Changes in the subfoveal macular thickness assessed by

−

−
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Figure 3. Changes in the subfoveal macular thickness assessed by optical coherent tomography
during the study period.

The mean time between the primary surgery and compression suturing was 3.08 years.
The time between the primary surgery and suturing did not correlate with postoperative
IOP (p = 0.9537 at 1 month; p = 0.5181 at 3 months, p = 0.2333 at 6 months, and p = 0.6895
at 1 year). Assessing the influence of the time since the primary procedure on the final
BCVA, we observed negative tendencies at 3 and 6 months (p = 0.2725, R = −0.34, and
p = 0.1553, R = −0.51, respectively) and a significant negative correlation at 1 year
(p = 0.0138; R = −0.94).

When our group was divided into 2 subgroups: with time from the primary surgery
shorter than one year (early group: 8 patients) and longer than a year (late group: 9 patients),
no differences in BCVA were found (late: 0.18 vs. early: 0.16, p = 0.2470 before sutures; late:
0.33 vs. early: 0.37, p = 0.7881 at 1 year). The initial IOP did not differ the groups (late:
1.67 mmHg vs. early: 2.65 mmHg; p = 0.3799). However, the IOP seemed to be higher in early
group with statistical tendency at 1 year (late: 7.33 mmHg vs. early: 11.78; p = 0.1671) and
statistical significance at 2 years (late: 6.66 mmHg vs. early: 12.5 mmHg; p = 0.0067).

Two patients had peripheral choroidal detachments at the inclusion, which resolved
within 7 days post-op. In one case, leakage from the bleb was observed after the procedure,
and bleb revision procedure was needed.

The exemplary case is presented on Figure 4.
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(A) (B) 

(C) 

 

(D) 

Figure 4. Sample case. (A) Eye fundus with hypotony maculopathy; (B) compressive sutures—1 day after the surgery (blue
arrow points the sutures); (C) macular OCT before suturing; (D) macular OCT after suturing.

4. Discussion

The wide range of reported chronic hypotony after antiglaucoma procedures is due
to the lack of a standardized definition [31,32]. Additionally, some eyes require very low
IOP to stop or slow down glaucoma progression [33]. In cases when pre-surgery IOP has
lower values or when glaucomatous optic neuropathy is advanced, an IOP below 6 mm
Hg without cataract progression, choroidal effusion, or maculopathy, and with improved
glaucoma is considered a surgical success [34]. In this study, transconjunctival suturing was
performed when the IOP maintained under 6 mmHg and the BCVA remained significantly
decreased due to hypotony maculopathy.

The perfect time for intervention in case of hypotony after antiglaucoma procedure is
also not clear. The tendency to delay the treatment is observed because clinical experience
suggests that most eyes with chronic hypotony following a trabeculectomy maintain good
visual acuity without complications [11]. Moreover, spontaneous recovery from hypotony
caused by natural healing processes is frequent [34]. Additionally, a lot of procedures
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designed to cure hypotony turn out to be unsuccessful: 5 of our patients had previously
had blood injected to the bleb to enhance healing without prolonged effect.

The duration of hypotony has been reported to have no correlation with final visual
outcomes [11,35]. In the case of our patients with hypotony maculopathy, we observed
that the time since the primary procedure indeed did not influence the final IOP level
after transconjunctival suturing. If timely managed, IOP increase usually leads to the
restoration of the normal smooth architecture of the retina, allowing for realignment of
photoreceptors and visual recovery [31]. On the other hand, prolonged hypotony causes
irreversible fibrosis within the retina, choroid, or sclera, maintaining the choroid in a folded
position [31]. Scoralick et al. found resolution of hypotony maculopathy in 85% of the
cases following surgical reintervention, but none of the variables investigated (including
the time interval between trabeculectomy and flap resuturing) was significantly associated
with postoperative maculopathy resolution [36].

Numerous risk factors for hypotony after glaucoma surgery have been identified,
including myopia, young age, antimetabolite use, pre-existing inflammation, aphakia,
and old age accompanied by a thin conjunctiva and thinner CCT [11,37,38]. Besides the
application of an antifibrotic agent, male gender, high myopia, young age, and patients
receiving primary filtering surgery have also been associated with an increased risk of
hypotony maculopathy [39,40]. In our study, five (29%) patients underwent primary
procedure at the age below 40 because of pigmentary glaucoma or traumatic glaucoma. It
confirms the susceptibility of younger patients to hypotony maculopathy. Additionally,
all of these patients were myopic males, which suggests that care needs to be taken in this
group during the primary procedure to avoid hypotony, with lower titers of antimetabolites
and tight bleb suturing. Lower scleral rigidity in younger patients is believed to be related
to the development of hypotony maculopathy [14,40]. Additionally, myopic eyes tend to
have thinner sclera, which is related to a general loss of collagen and proteoglycans [41]
and makes sclera more vulnerable to collapse during hypotony. Further, males tend to have
lower scleral rigidity and a correlation between male gender and hypotony maculopathy
has been ascertained [42].

In our practice, transconjunctival sutures are an effective and safe method of increasing
IOP and improving visual acuity in patients with hypotony maculopathy as a complication
of antiglaucoma procedure. In a retrospective study, Letarte et al. showed a significant
IOP increase and BCVA improvement six months after transconjunctival scleral flap resu-
turing [43]. Eha et al. [22,44] published a prospective case study describing the outcome
of 16 patients whose mean IOP was 9.6 mmHg and mean BCVA was 20/60, six months
following the procedure. These results are similar to ours with mean IOP value of 9 mmHg
1 year after suturing. We observed a gradual decrease in mean IOP in the course of the
study, with the highest values one month postoperatively.

Although the success in IOP increase was not observed in every patient, during
the early postoperative period we observed an improvement of the visual acuity in the
whole group, similarly to the results observed by Scoralick [36]. It shows the efficacy
of transconjunctival sutures regarding BCVA improvement, and probably additionally
confirms that numerous definitions of hypotony are not accurate, as in some patients an
increase in IOP even below 6 mmHg allowed for BCVA improvement.

In our group, but not in every case, it was possible to obtain the stable IOP increase in
post-surgical period, which may have some possible reasons. First, it may be connected
with not enough traction obtained during placement of the sutures, which is usually con-
nected with the changes of the ocular tissues during early postsurgical period (for example,
the decrease in conjunctival oedema or moving of the sutures through the conjunctiva).
Tight suturing with the attachment to the superficial parts of the sclera in case of extensively
hyperfiltarating and elevated blebs may also be problematic. Additionally, it is possible
that after MMC application during primary procedure the scleral tissues are weakened and
melted which makes transconjunctival suturing not enough for limitation of the outflow. In
such cases, the revision with opening of conjunctiva and direct suturing of the sclera may
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be beneficial. Finally, after antiglaucoma procedure prolonged ciliary body hypoperfusion
and hyposecretion is possible.

Clinical assessment had led us to the assumption that a shorter time since the primary
procedure may enable obtaining a more prominent increase in the IOP level, which was
not confirmed by our results: in this study, at no time-point was IOP correlated with the
time since the primary surgery, which was also observed by other authors [36]. However,
in our results a longer time since the primary surgery tended to have a negative impact on
the final BCVA. It may be related to the observation that when left untreated, hypotony
maculopathy can have long-term visual consequences [7] with irreversible chorioretinal
folds resulting from fibrosis within the retina, choroids, or sclera [31,45]. Additionally,
in our study the patients with sutures placed earlier tended to have higher IOP values
in longer observation period. This is why our results may provide an argument for an
earlier intervention in maculopathy hypotony. However, in our opinion, the surprising
finding of this study is the lack of correlation between the improvement in BCVA and the
changes in subfoveal macular thickness determined in OCT. It may be explained by the fact
that during the study, intra- or sub-retinal fluid was not observed; thus, the initial BCVA
decrease after the antiglaucoma procedure was not caused by any disturbances in the
morphology of the retinal layers but rather by their folding. Additionally, the improvement
in BCVA may be partially explained by the restoration of the anterior segment structures
after the increase in IOP [46–48]. The changes in the hemodynamics of the choroid affected
by the IOP increase may also be involved in BCVA improvement [49].

In general, the highest IOP during the follow-up period was measured on postop-
erative Day 7. Furthermore, this spike in IOP seemed to be beneficial for expediting the
resolution of any preexisting serous choroidal detachments [16] and cause quicker improve-
ment in BCVA, as observed in this study. However, in such cases, the improvement of
the visual acuity was not stable; all three patients with the decrease in BCVA observed at
six months belonged to this group. The highest values of early postoperative IOP were
observed in the group of younger patients with pigmentary glaucoma, which may also be
connected with scleral vulnerability, as mentioned earlier. On the other hand, such high
spikes in IOP may be potentially harmful in the case of severely damaged visual field in
advanced glaucoma.

Except for the observed IOP spikes, transconjunctival sutures seem to be a safe pro-
cedure. In the course of the study, we observed only one patient with avascular thin bleb
who suffered from bleb leakage and needed bleb revision, which involved covering it with
the mobilized conjunctiva.

To sum up, transconjunctival sutures seem to be an effective and safe method to
treat hypotony maculopathy after glaucoma surgery. In the study, the improvement in
BCVA started with the elevation of IOP at the early postoperative period and remained
stable during the observation time. Our results also provide an argument for an earlier
intervention in case of clinical hypotony after glaucoma surgery.
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Abstract: Macular edema and its further complications due to the leakage from the choroidal neovas-

cularization in course of the age-related macular degeneration (AMD) is a leading cause of blindness

among elderly individuals in developed countries. Changes in tear film proteomic composition

have been reported to occur in various ophthalmic and systemic diseases. There is an evidence

that the acute form of neovascular AMD may be reflected in the tear film composition. Tear film

was collected with Schirmer strips from patients with neovascular AMD and sex- and age-matched

control patients. Two-dimensional electrophoresis was performed followed by MALDI-TOF mass

spectrometry for identification of differentially expressed proteins. Quantitative analysis of the

differential electrophoretic spots was performed with Delta2D software. Altogether, 11 significantly

differentially expressed proteins were identified; of those, 8 were downregulated, and 3 were upregu-

lated in the tear film of neovascular AMD patients. The differentially expressed proteins identified

in tear film were involved in signaling pathways associated with impaired protein clearance, per-

sistent inflammation, and neovascularization. Tear film protein analysis is a novel way to screen

AMD-related biomarkers.

Keywords: age-related macular degeneration; AMD; proteomics; tear film; tear film proteome;

protein clearance; neovascularization; neovascular AMD

1. Introduction

Age-related macular degeneration (AMD) is a leading cause of blindness in elderly
patients in developed countries. The incidence of AMD is expected to increase by over
50% in the next 20 years [1]. AMD affects central vision by evoking metamorphopsia,
reading problems, and eventually legal blindness in its end stage. AMD can be divided
into wet (neovascular) and dry (atrophic) forms. Usually, atrophic AMD progresses slowly
over years, while neovascular AMD with the presence of subretinal fluid and macular
edema can develop in weeks due to the progressive growth of pathological choroidal
vessels. Currently, there is no established treatment protocol for atrophic AMD, but anti-
vascular endothelial growth factor (VEGF) intravitreal injections are a treatment of choice
for neovascular AMD. Although our awareness of AMD etiopathology has significantly
improved in the past decade, the exact mechanisms underlying the disease are still vague.
The cellular mechanisms of AMD are known to be linked to chronic oxidative stress (OS),
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autophagy impairment, and inflammation that can ultimately lead to retinal pigment
epithelium (RPE) cell and photoreceptor death [2,3]. AMD development is also strongly
associated with genetic variations and mutations in the complement system, as well as with
many environmental risk factors, such as smoking, hypercholesterolemia, arteriosclerosis,
obesity, and unhealthy diet consumption [4].

Tear film is a mixture of lipids, water, and mucin that covers the surface of the eye.
It protects against an environment-evoked irritation and smooths the corneal surface to
improve the refractive effect. Tear film is produced by lacrimal and accessory glands, as
well as by meibomian glands and goblet cells [5]. Since tear film is readily accessible, it has
been analyzed in many clinical studies on dry eye syndrome, diabetes, Parkinson’s disease,
multiple sclerosis, and cancer [6–12].

Previous studies concerning proteomic changes that occur over the course of AMD have
focused mainly on the aqueous humor, the vitreous body, donor retinas, and blood [13–29].
In each of these studies, significant differences in the expression of certain proteins have
been discovered. The identified proteins are usually involved in metabolic pathways associ-
ated with AMD. We reviewed most of the recent developments in AMD proteomic research
in our previous manuscript, in which we sought to determine whether the pathological
process in the macula can result in tear film proteome changes [30]. Although we discov-
ered various differentially expressed proteins, we were not able to perform quantitative
analysis. In this study, we analyzed tear film samples from neovascular AMD patients to
identify and quantify proteins that were differentially expressed between a neovascular
AMD group and a control group.

2. Materials and Methods

The study was approved by the Bioethical Committee of the Medical University of
Lublin under declaration number KE-0254/238/2015. Informed consent was obtained from
every individual enrolled in the study. The purpose and design of the study, as well as its
possible complications, were explained to every patient, and written consent was obtained.
All experiments followed the provisions of the Declaration of Helsinki.

In total, 30 patients were included in the study: 15 patients in the neovascular AMD
group, and 15 in the control group. The sex distribution was similar between the groups.
All criteria-satisfying patients underwent a full ophthalmic examination by the same
ophthalmologist (MW) that consisted of a visual acuity test, slit lamp examination, intraoc-
ular pressure (IOP) measurement, spectral domain optical coherent tomography (SDOCT,
Copernicus, Optopol Technologies, Zawiercie, Poland), and fluorescein angiography or
optical coherence tomography angiography (angio-OCT, RTVue XR 100 Avanti, Optovue,
Fremont, CA, USA). The tear film break-up times (BUTs) were within normal limits (over
10 s), and all the patients had Schirmer test results of greater than 15 mm in 5 min.

The inclusion criteria for the AMD group were as follows: active form of disease
featuring choroidal neovascularization (CNV) on fluorescein angiography or angio-OCT in
at least one eye and the presence of subretinal fluid.

The exclusion criteria were any ocular surface diseases that would disturb the re-
sults, e.g., dry eye syndrome, eye surface disorders, diabetic retinopathy, glaucoma, and
previous ocular surgery except for cataract extraction. Additionally, any moderately ad-
vanced or advanced stage of any systemic disease, such as poorly controlled hypertension,
cardiovascular disease, or autoimmune disorder, was an exclusion criterion.

The neovascular AMD group consisted of 15 patients, comprising 7 men and 8 women,
with a mean age of 76.4 years (SD = 5.6). On slit lamp examination, the patients presented
with an active form of AMD in at least one eye with subretinal fluid presence. All of them
had previously been treated with anti-VEGF therapy in one or both eyes. Environmental
risk factors, smoking, and systemic diseases were assessed. The control subjects were
recruited from among patients who qualified for standard cataract surgery. The control
group consisted of 15 patients, comprising 8 men and 7 women, with a mean age of
76.1 years (SD = 3.9). The mean IOP was within normal limits (8–21 mm Hg) in all patients.
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For a statistical analysis of sex difference, a chi-square test on the contingency table
with control and AMD on one side and male and female on the other side, making a
2 × 2 table, and assuming the null hypothesis about independence of health from gender.
Comparing the chi-square-calculated parameter with the tabular value, we dealt with
independent variables, meaning that the gender composition of the groups was neutral.
According to the age comparison between the groups, we performed a t-test to determine
the difference in the means. In this case (group one mean: 76.4 ± 5.4; group two: 76.1 ± 3.9),
the p-value equals 0.8782. By conventional criteria, this difference is not considered to be
statistically significant. To confirm that the groups were statistically similar, we preformed
the Shapiro–Wilk test of normality. We accepted that H0 assumed that the data in the
control and AMD groups were normally distributed. We also accepted H0 in the t-test,
which meant that the average of 1′s population was considered to be equal to the average
of the 2′s population. In other words, the difference between the average of the 1 and
2 populations was not big enough to be statistically significant.

Detailed information about the study and the control groups are presented in Supple-
mentary Materials Tables S1 and S2.

2.1. Sample Preparation

Tear film was collected from each eye onto a Schirmer strip (TearFlo, HUB Pharmaceu-
ticals LLC, Scottsdale, AZ, USA) [1,2]. Each collection was performed by the author M.W.
in the morning hours between 8 and 11 a.m. If fluorescein angiography was performed,
the material was always collected beforehand. Sterile gloves were always used by the
investigator. The Schirmer strips were placed into the lower conjunctival sacs of both eyes
at the one-third point of the eyelid as measured from the nasal canthus without anesthesia.
There is currently no consensus about which method of collection should be used for
proteomic analysis [3–6]. After the strips were held in place for 5 min, they were removed,
transferred to 1.5-mL Eppendorf tubes without buffer, and immediately frozen at −80 ◦C.
Next, the proteins were extracted in urea buffer for 3 h. Extraction was carried out at 4 ◦C
in the presence of protease inhibitor cocktail (P8340, Sigma Aldrich, St. Louis, MO, USA).
The cocktail contained 104 mM 4-(2-aminoethyl)benzenesulfonyl fluoride hydrochloride
(AEBSF), 80 µM aprotinin, 4 mM bestatin, 1.4 mM E-64, 2 mM leupeptin, and 1.5 mM
pepstatin A. Each of these components has specific inhibitory properties. AEBSF and apro-
tinin inhibit serine proteases, including trypsin, chymotrypsin, and plasmin, among others;
bestatin inhibits aminopeptidases; E-64 inhibits cysteine proteases; leupeptin inhibits both
serine and cysteine proteases; and pepstatin A inhibits acid proteases (according to the
Sigma–Aldrich specification sheet). After extraction, the strips were removed, and the
extracts were centrifuged at 1844× g for 10 min at 4 ◦C. The obtained supernatants were
collected and stored at −80 ◦C.

2.2. Protein Purification and Precipitation

The concentrations of the proteins were measured by a spectrophotometric method
(MaestroNano Micro-Volume Spectrophotometer). Samples containing 150 µg of proteins
were transferred into 1.5-mL microcentrifuge tubes and diluted with water to a final volume
of 100 µL. Using a ReadyPrep 2-D Cleanup Kit (Bio-Rad, Hercules, CA, USA) the protein
pellets were obtained and resuspended by adding 300 µL of rehydration sample buffer
(Bio-Rad). The supernatants were applied directly to immobilized pH gradient (IPG) strips
(17 cm, pH 3¨C10, linear pH gradient, Bio-Rad).

After 12 h of gel rehydration the isoelectric focusing was performed at 60 kVh with a
current limit of 50 µA per strip (Hoefer IEF100). Before second-dimension separation, the
IPG strips were equilibrated in two equilibration buffers (50 mM Tris-HCl, pH 8.8, 6 M urea,
30% glycerol, 2% sodium dodecyl sulfate (SDS)). The first buffer contained dithiothreitol
(2%), while the second buffer contained iodoacetamide (2.5%) instead of dithiothreitol. The
duration of each equilibration step was 15 min. The second dimension of electrophoretic
separation was conducted using 12.5% polyacrylamide gels in a Bio-Rad PROTEAN II
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xi Cell (Bio-Rad). Vertical separation was performed at 600 V/50 mA/30 W in 0.025 M
Tris/Gly buffer (pH 8.3). After electrophoretic separation, the proteins were silver stained
in accordance with the methods of Shevchenko et al. [7].

2.3. Preparation of Proteins for MALDI Identification

The spots of interest were excised from the gels by scalpel, transferred into microtubes,
washed with H2O, and distained. After that, dithiothreitol reduction and iodoacetamide
alkylation were performed. The gel pieces were covered with trypsin solution contain-
ing 50 mM ammonium bicarbonate and placed in an autoclave overnight to digest at
37 ◦C. Next, the peptides were extracted from the gel pieces with 50 µL of acetonitrile
(ACN):H2O:trifluoroacetic acid (TFA) (50:45:5) solution. Extraction was performed in an
ultrasonic bath at room temperature and was repeated three times (each step lasted 15 min).
The extracts were collected and concentrated in a CentriVap (Labconco, Kansas City, MO,
USA). The obtained peptide pellets were dissolved in 10 µL of 0.1% TFA and purified
with ZipTip Sample Prep Pipette Tips (0.2 µL of C18 iod, Merck, Darmstadt, Germany) in
accordance with a standard procedure.

2.4. MALDI Analysis

Finally, 1 µL of each purified peptide sample was spotted onto an AnchorChip MALDI
plate with hydrophobic coating and calibrant anchors. Next, 1 µL of alpha-cyano-4-
hydroxycinnamic acid (HCCA, Bruker, Billerica, MA, USA) matrix solution was pipetted
onto the dry peptide sample. A peptide calibration standard (Peptide Calibration Stan-
dard II, Bruker) was spotted on the calibrant spots. The mass spectra were recorded in
active positive reflection mode by an Ultraflex III MALDI-TOF/TOF spectrometer (Bruker).
All spectra were collected within the 700–4000 m/z range. The collected spectra were
smoothed (Savitsky–Golay method) and the baseline corrected (Top Hat baseline algo-
rithm) in flexAnalysis 3.0 software (Bruker). A list of peaks in the range of 700–4000 m/z
for a signal-to-noise ratio greater than 3 was also generated in flexAnalysis 3.0. After
removal of impurities, the final peak list was transferred to BioTools 3.2 (Bruker) and
compared with Mascot 2.2 software using the Swiss–Prot database. Other parameters were
set as follows: the maximum error in both MS and MS/MS was 0.3 Da; the obligatory
modification was carbamidomethylation of cysteine; and the possible modifications were
methionine oxidation, serine, and threonine phosphorylation, methionine dioxidation,
and protein N-terminal acetylation. Results with scores above 56 were considered statisti-
cally significant. The peptide mass fingerprint spectra were analyzed in MS/MS mode to
confirm the amino acid sequences.

2.5. Visual and Statistical Analysis

The stained gels were scanned using a GE Image Scanner III (GE Healthcare, Warsaw,
Poland) and further processed by Delta2D software (version 4.7, DECODON). The Delta2D
software enabled quantitation of the spots and creation of protein expression profiles. The
utilized program uses gel image warping (correction of positional spot variations and
matching of images) to create a so-called fused image. This image is a proteome map
containing every protein spot obtained on every gel during the whole experiment. After
the fused image was created, the spots were detected. False-negative and false-positive
protein spots were determined manually. To calculate the expression ratios (Rts; spot
volumes relative to the group means), a quantitation table was generated, and the volume-
normalized values were statistically analyzed. In this experiment, the mean volume of a
given spot in the control group was the denominator of the Rt parameter.

In the case of gel statistical analysis after normalization, we used a t-test for two
analyzed groups with p-values based on t-distribution and alpha (overall all threshold
p-value): 0.05. We took a Rt value greater than 1.5 as overexpressed and below 0.67 as
suppressed.
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Differences in protein expression between the test groups were analyzed by a t-test
with statistical software built into Delta2D; a p-value ≤ 0.05 was considered to indicate
significance. The p-value of 0.05 was two-sided (α/2 = 0.025 both sides). Only spots with
significant differential expression between the neovascular AMD group and the control
group, and with spot Rts higher than 1.5 (upregulated) or lower than 0.67 (downregulated),
were selected for protein identification.

3. Results

Altogether, samples from 15 patients with neovascular AMD and 15 control patients
were included in the proteomic analysis. Differences in protein expression levels between
the two groups were identified using two-dimensional gel electrophoresis (2DE) followed
by MALDI-TOF MS.

We chose groups to be as similar to each other as possible in terms of age, disease,
and gender. In the AMD group, the mean age was 76.4 years ± 5.4. Patients who took
part in the study were mostly smokers (73%) with systemic diseases (40% had one disease,
33% had two). This group of 15 patients consisted of 7 men (47%) and 8 females (53%).
The control group was similar: The mean age was 76.1 ± 3.8, and 73% were also smokers.
When it comes to the occurrence of systematic diseases, the numbers are also analogous:
40% had one disease, 33% had two. There was a minimal sex difference: the control group
of 15 individuals consisted of 8 men (53%) and 7 females (47%).

We found 469 proteins in the analyzed tear film samples. Among those, we focused
only on the differential electrophoretic spots. Bioanalytical software revealed that 31 spots
exhibited significant differences between groups, and 14 spots fulfilled the Rt criteria of
greater than 1.5 (upregulated) or less than 0.67 (downregulated), in three consecutive
repetitions. Fourteen of the spots were positively identified. From those, 11 proteins were
eventually identified, as Annexin A1 was recognized 3 times, and Retinal dehydrogenase
twice. The same proteins occurring in different points of gel is a common finding. Spot
multiplicity is mostly a result of post treatment modifications, which give a particular shift
in pI and molecular weight. In addition, despite using cocktail protease inhibitors and
DTT, protein cleavage or aggregation can happen. Table 1 contains a list of the protein
names, encoding genes, UniProt base accession numbers, and Rt values. With regard to
the Rts for the group means of relative spot volumes, the volume of a given spot in the
control group was used as the denominator of the Rt parameter (Rt > 1.5, overexpression;
Rt < 0.67, suppression). According to the results obtained with the Delta2D program, 8 of
the 11 proteins were assigned to downregulated, and 3 of the 11 proteins were upregulated
(Figure 1; Table 2). Figure 2 shows a fused image of 2DE gels with differentially expressed
proteins in the AMD group versus the control group.
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Table 1. Significantly (p ≤ 0.05) differentially expressed proteins in neovascular age-related macular degeneration (AMD)
patients as identified by MALDI-TOF MS. Listed molecular weights and pI values correspond to the MASCOT search
results; carbamidomethylation of cysteine was a global modification. Rt (Ratio) quotient of the group means of relative spot
volumes; volume of a given spot in control group is the denominator of the ratio parameter.

ID Protein
Accession
Number

(UniProtKB)
Species Score Match

MW
(Da)

pI
Seq.
Cov
(%)

Rt p-Value

1
ATP-dependent

translocase
ABCB1

P08183 H. sapiens 87 11 141,788 9.06 9 2.193 0.025

5 Annexin A1 P04083 H. sapiens 96 12 38,918 6.57 41 0.664 0.026

6 Annexin A1 P04083 H. sapiens 59 9 38,918 6.57 30 0.575 0.017

8
Aldo-keto

reductase family 1
member A1

P14550 H. sapiens 146 15 36,892 6.32 48 0.638 0.029

10
Retinal

dehydrogenase 1
P00352 H. sapiens 75 9 55,454 6.30 24 2.027 0.011

12
Uncharacterized
protein C11orf98

E9PRG8 H. sapiens 76 5 14,225 11.53 38 0.560 0.008

15
Glutathione

S-transferase P
P09211 H. sapiens 89 8 23,569 5.43 50 0.529 0.007

23
Retinal

dehydrogenase 1
P00352 H. sapiens 121 14 55,454 6.30 41 1.991 0.015

24 Alpha-enolase P06733 H. sapiens 67 11 47,481 7.01 29 1.476 0.022

11 Annexin A4 P09525 H. sapiens 94 14 36,088 5.84 14 0.393 0.003

21 Annexin A1 P04083 H. sapiens 76 11 38,918 6.57 35 0.213 0.008

31
Allograft

inflammatory
factor 1

P55008 H. sapiens 77 5 16,693 5.97 34 0.560 0.026

33
Cytospin-A or

Elongation factor
2

Q69YQ0
P13639

H. sapiens
113
88

16
12

124,925
96,246

5.52
6.41

16
12

0.560 0.037

32
Short stature

homeobox
protein 2

O60902 H. sapiens 65 5 35,160 8.99 12 0.529 0.041

Abbreviations: MW—molecular weight; pI—isoelectric point; Seq. Cov—sequence coverage; Rt—ratio.
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≤
Figure 1. Representative 2DE gel spots of significantly (p ≤ 0.05) differentially expressed proteins in Table 2. D software
(version 4.7, DECODON, Greifswald, Germany). Left column represents the control group, and the right column represents
the AMD group.

Table 2. AMD group up- and downregulated proteins.

Identified Protein
Upregulation

or Downregulation
Fold Relative to

Healthy Controls
Standard Deviation

(SD)

Retinal
dehydrogenase 1

Up
2.072
1.991

0.011
0.015

ATP-dependent
translocase ABCB1

Up 2.193 0.025

Alpha-enolase Up 1.476 0.022

Annexin A1 Down
0.664
0.575
0.213

0.026
0.017
0.008

Annexin A4 Down 0.393 0.003

Aldo-keto reductase
family 1 member A1

Down 0.638 0.029

Uncharacterized
protein C11orf98

Down 0.560 0.008

Glutathione
S-transferase P

Down 0.529 0.007

Allograft
inflammatory

factor 1
Down 0.560 0.026

Cytospin-A or
Elongation factor 2

Down 0.560 0.037

Short stature
homeobox
protein 2

Down 0.529 0.041
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Figure 2. Fused image showing the condensed spot patterns from the experiment. The differentially expressed proteins
in the neovascular AMD group versus the control group are marked. Upregulated proteins are indicated in red, and
downregulated proteins are indicated in blue. The proteins were separated in the first dimension by isoelectric focusing
over an isoelectric point (pI) range of 3–10. The second dimension was performed using 12.5% SDS polyacrylamide gels.
The gels were silver stained, digitized, and processed in Delta2D software (version 4.7, DECODON).

4. Discussion

Currently, AMD is viewed as a disease involving impairment of multiple cellular pro-
cesses; its exact pathogenesis remains unclear. Here, we found that proteins isolated from
the tears of neovascular AMD patients were associated with oxidative stress, proteostasis
regulation, inflammation, and neovascularization.

In our previous study [8], we identified 342 proteins that were differentially expressed
in both types of AMD—atrophic and neovascular. We were, at that point in time, unable
to perform a quantitative analysis of the obtained data. In the current manuscript, we
quantified the identified proteins. This made it possible to pinpoint the proteins that could
be more relevant for the disease progress. We also obtained a larger and more homogenous
group—all of our patients presented an active stage of neovascular AMD.

4.1. Oxidative Stress

Oxidative stress (OS) occurs when there is an imbalance between reactive oxygen
forms and the ability of a cell to neutralize their damaging effects through redox reactions.
As a result, free radicals and superoxides damage cellular components and are especially
harmful to proteins, lipids, and DNA. In healthy individuals, the retina has the greatest
oxygen consumption per weight of any organ in the body, making it naturally vulnerable
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to OS [3,31,32]. In our study, we identified a number of proteins involved in OS induction
and management in tear samples isolated from neovascular AMD patients. One of the
most striking findings was the downregulation of glutathione S-transferase P. Glutathione
(GSH) is one of the most important, ubiquitous antioxidant agents, whose role in the retinal
anti-OS defense is well-established. It works by scavenging the reactive oxygen species
and is a cofactor for GSH S-transferase P [9,10]. Its lowered concentration in the tear film
of AMD patients may suggest the impaired cell-detoxification mechanisms.

Aldo-keto reductase family 1 member A1 (AKR1A1) is yet another protein involved
in the cellular protection against OS, which was downregulated in our study, but its
connection with the retina remains unclear [11,12].

Additionally, the identified protein retinal dehydrogenase 1 (RALDH1) is involved
in redox reactions. Its key function is to oxidize retinaldehyde into retinoic acid, which
participates in cell growth and differentiation and plays a critical role in the visual cycle [13].

Overall, the findings suggest that selected OS biomarkers can be found in tears from
neovascular AMD patients.

4.2. Protein Clearance

Increased OS can damage proteins, and damaged proteins must be removed to prevent
intracellular protein aggregation. Protein clearance impairment plays a crucial role in AMD
development. Under normal conditions, retinal cells maintain proteostasis through two
major mechanisms: proteasome-mediated degradation and lysosome-mediated autophagy.
In AMD, impairment of phagocytosis leads to failure of the degradation of photoreceptor
outer segments (POSs) in lysosomes, while impairment of autophagy leads to the accu-
mulation of toxic protein aggregates and organelles, such as mitochondria [14]. Since
RPE cells are quiescent cells, the consequences of deficient proteostasis are potentially
devastating [15].

Annexin A1 and A4 are a part of the calcium-dependent phospholipid-binding family.
Annexins A, beside regulating the inflammatory process described above, are vitally
important to the autophagy process, and take an important part in the formation of the
cytoskeleton, cell membrane, and in the cell signaling [16]. Annexin A1 is involved in
the autophagosome-lysosome fusion, and its upregulation seems to inhibit autophagy
process via PI3K/AKT activation followed by Beclin-1 and ATG5-dependent autophagy
inhibition [17,18]. This may lead to the pathological aggregation of debris material within
the RPE-BM complex, called drusen, and further stimuli for the formation of the choroidal
neovascularization (CNV).

Given all of the above findings, the upregulation of the Annexin A1 and A4 in the
tears of patients with neovascular AMD may indicate that proteostasis is disturbed in
AMD.

4.3. Chronic Inflammation and Neovascularization

Increased inflammation is well established to occur during AMD pathogenesis in
response to chronic OS and disturbed proteostasis [14]. Short lasting inflammation is a
beneficial host defense in cells, while prolonged inflammation of low intensity (parainflam-
mation) can lead to CNV and cell death in the context of AMD [19,20].

Annexin A1 (ANXA1) was found in our study on three different electrophoretic spots,
probably to its further post treatment modification, which suggests its strong presence
in the AMD tear film. Its concentration in the samples obtained from AMD patients was
almost 5 times higher than in the control group. Previous studies investigating the ANXA1
impact on inflammation proved its significant anti-inflammatory potential [21–23]. It was
also already found in the aqueous humor of the wet AMD patients (both Annexin A1 and
A4) [24], in the drusen from the donors retina [25]. The impairment of the Annexins family
function is related to numerous diseases, also neurodegenerative disorders and glaucoma,
although in none it seems to be a primary cause [26–28].
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Alpha-Enolase, which was found to be upregulated in our AMD patients’ group, is
another protein that can act as an autoantigen in the autoimmune process, which was
already connected with AMD. Elevated levels of the antibodies against α-enolase were
found in AMD patients’ serum [29,30]. It is also strongly connected with the develop-
ment of cancer-associated retinopathy (CAR), Alzheimer’s disease (AD), cancer, and other
diseases [31–33].

Another protein directly involved in inflammation and neovascularization process is
allograft inflammatory factor 1 (AIF-1). In mouse models of neovascular AMD, it was highly
expressed in an induced laser scarring spot, leading to NF-κB activation, and further CNV
development [34]. It is also an established biomarker in local immune and inflammatory
response of the retinal cells [35–37]. The questionable aspect is the downregulation of AIF-1
observed in our study, one would expect it to be upregulated.

Another hallmark of AMD is choroidal neovascularization (CNV), in which vessels
sprout from the choroid and pass through the BM and the RPE, causing subretinal leakage,
macular edema, and hemorrhages. In the end stage, a disciform scar is formed, with
mesenchymal transition of RPE cells and general retinal disorganization. One of the key
modulators of this process is VEGF, and the treatment of choice is anti-VEGF delivered via
intravitreal injections. Although anti-VEGF administration has been a major breakthrough
in AMD treatment, it has significant limitations: continued visits are necessary, macular
scarring can occur, and patients can be refractory to treatment [38]. One of the proteins
crucial for the BRB development, ATP-dependent translocase ABCB1, was found to be
upregulated in our study. ABCB1 is responsible for the cellular transport, being an efflux
pump, and is commonly associated with various types of cancers, due to its role in the
multidrug resistance (MDR) [39–41].

Scarring is the eventual effect of the CNV presence, whether due to the treatment
or the natural course of the disease. Elongation factor 2 was found to be downregulated
in our AMD group. This protein was also identified in the Müller glia in course of the
proliferative vitreoretinopathy, which is essentially a scarring process [42]. Elongation
factors were also found to be downregulated in older retinas, which can partially explain
its downregulation in our study [43].

Last of the identified proteins, short stature homeobox 2 has not been yet described
in the context of AMD, or retinal dysfunction, and it should probably be concerned as an
accidental finding. It was recently found that it may serve as a biomarker for bronchial
squamous cell carcinoma (SCC) [44].

All these findings suggest a strong inflammatory component that can be observed
in the tear film of AMD patients, which stays in line with our current knowledge of the
disease.

4.4. Anti-VEGF Treatment

All of the patients included in our study were treated with intraocular anti-VEGF
injections over the course of a national drug program. This warranted quality patient
selection and confirmation of medical history. The patients were first qualified by a local
ophthalmologist, and then the diagnosis was confirmed online by nationally board-certified
retinal AMD specialists. In all cases, the samples were collected at the follow-up day before
the anti-VEGF injection. Therefore, each patient was examined 28 to 31 days after previous
anti-VEGF treatment. Since we did not include treatment-naïve patients with AMD, anti-
VEGF treatment might have affected the protein expression results. This may explain why
we did not observe differential expression of certain proteins, such as VEGF or PDGF,
even though differences in such proteins have been found in other studies [45,46]. On the
other hand, this might have enabled the roles and differential expression of other proteins
involved in neovascularization. The VEGF pathway, although extremely important, is
certainly not the sole promotor of the growth of the new vessels. Preferably, a larger clinical
study should be conducted on samples collected from patients at different stages of AMD
progression.
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4.5. Limitations of the Study

One major limitation of our study is the correlation between the tear film composition
and macular lesions. Although the tear film is not directly connected with the retina, it can
be altered by the partial blood–retinal barrier breakdown (BRB) in the course of AMD. BRB
was mainly described in diabetic retinopathy, and functions as a key factor in this disease,
but the BRB can also be found in the neovascular AMD, where macular edema, subretinal
fluid, and vitreous hemorrhages are present [47–50]. Thus, we believe that in an active
phase of neovascular AMD, it is possible that the leakage from the pathological vessels can
be also detected in the tear film.

Another limitation of this study is that being a pilot study, we were not able to
analyze enough samples to reach adequate power of the tests used in statistical calculations.
According to an amount of wet AMD cases in our region, we would need over 300 samples
for each group. This will be done in the following experiments.

5. Conclusions

Tear film is a well-established material for obtaining biomarkers of various diseases.
We believe that the findings of this study enhance the current understanding of AMD as
a multifactorial disease with underlying persistent OS, cell clearance mechanism impair-
ment, inflammation, and CNV. Although the identified proteins probably should not be
considered verified biomarkers, the differences in their expression between groups suggest
that they are connected to ongoing pathological processes in the macula and tear film.
Further studies are needed to confirm this possibility, preferably studies comparing the
levels of specific proteins in different body fluids, such as the plasma, aqueous humor, and
tear film.
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Abstract: Background: Diabetic macular edema (DME) is a leading cause of visual loss in working-

age adults. The purpose of this retrospective study was to perform an epidemiological analysis on

DME patients treated with intravitreal drugs in a tertiary hospital. The clinical outcome, adverse drug

reactions (ADRs), and intravitreal drug expenses were assessed. Methods: All DME patients treated

with Ranibizumab, Aflibercept, Dexamethasone implant, and Fluocinolone Acetonide implant at

the Sassari University Hospital, Italy, between January 2017 and June 2020 were included. Central

macular thickness (CMT) and best corrected visual acuity (BCVA) were measured. ADRs and drug

expenses were analyzed. Results: Two-hundred thirty-one DME patients (mean age: 65 years)

received intravitreal agents. Mean CMT and BCVA were 380 µm and 0.5 LogMAR at baseline,

298 µm and 0.44 logMAR after one year (p = 0.04), and 295 µm and 0.4 logMAR at the end of the

follow-up period. A total of 1501 intravitreal injections were given; no major ADRs were reported.

Treatment cost was €915,000 (€261,429/year). Twenty non-responders to Ranibizumab or Aflibercept

were switched to a Dexamethasone implant. In these patients, mean CMT and BCVA were 468 µm

and 0.5 LogMar at the time of switching and 362 µm and 0.3 LogMar at the end of the follow-up

(p = 0.00014 and p = 0.08, respectively). Conclusion: Results confirm that Ranibizumab, Aflibercept,

and Dexamethasone implant are effective and safe in DME treatment. A switch to Dexamethasone

implant for patients receiving Aflibercept or Ranibizumab with minimal/no clinical benefit should

be considered.

Keywords: diabetic macular edema; intravitreal agents; best corrected visual acuity; central retinal

thickness; adverse drug reactions; intravitreal drug expenses

1. Introduction

Diabetic macular edema (DME) is one of the most severe complications of diabetic
retinopathy and the main reason for legal blindness among working-age individuals in
developed countries [1,2].

Population-based studies have reported DME prevalence rates of 4.2% to 7.9% in
type 1 diabetic patients and 1.4% to 12.8% in type 2 diabetic patients [3]. In a Cochrane
review of the DME prevalence evaluated using optical coherence tomography (OCT), the
prevalence rates covered a wider range (19–65%) [4].
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Worldwide, the prevalence rate for diabetic retinopathy has been estimated at 34.6%
(93 million people) [5]. In the U.S., the prevalence rate for retinopathy for all diabetic
patients aged ≥40 years has been reported to be 28.5% (4.2 million people) [5]. The
prevalence of diabetic retinopathy increases with increasing duration of disease [6].

In the Wisconsin Epidemiologic Study of Diabetic Retinopathy, the four-year incidence
of diabetic retinopathy was 59% when age at diagnosis was <30 years [7]. Conversely,
when age at diagnosis was ≥30 years, the incidence rate was 47% in insulin users and 34%
in nonusers of insulin [8].

In diabetic retinopathy, structural changes of the retinal vascular network can be
observed, leading to accumulation of fluids in the macular region, disruption of the blood-
retinal barrier, and expression of various inflammatory factors, including the vascular
endothelial growth factor (VEGF), intercellular adhesion molecules (ICAM-1), monocyte
chemoattractant protein (MCP-1), interleukine-6, and others [9,10]. Recently, experimental
and clinical evidence have shown that in addition to microvascular changes and inflam-
mation, retinal neurodegeneration may contribute to retinal damage in the early stages of
diabetic retinopathy [11]. In the most advanced stages, a proliferative diabetic retinopathy
can occur, which may result in a vitreous hemorrhage and/or tractional retinal detach-
ment [12,13].

In patients with DME, anti-VEGF agents and corticosteroids are the gold standard of
therapy. The purpose of this study was to carry out an epidemiological analysis on DME
patients treated with intravitreal drugs (anti-VEGF agents and corticosteroid-based im-
plants) between January 2017 and June 2020 at the Sassari University Hospital, Northwest
Sardinia, Italy. Specifically, the clinical outcome, therapy adherence, and drug expenses
were assessed.

2. Materials and Methods

2.1. Participants

All 231 DME patients (139 men, 92 women; mean age: 65 years) treated with intravit-
real drugs at the Ophthalmology Unit—Azienda Ospedaliero-Universitaria, Sassari, Italy,
between January 2017 and June 2020 were included in this retrospective study.

Our unit has a catchment population of approximately 335,000 living in an area of
4300 square kilometers (Sassari province).

Ethical approval was waived by the local Ethics Committee of the Azienda Ospedaliero-
Universitaria di Sassari in view of the retrospective nature of the survey, which was con-
ducted in full accord with the tenets of the Declaration of Helsinki. Each participant
received detailed information and provided informed consent.

Affected eyes received a loading dose of three consecutive monthly intravitreal in-
jections of Ranumizumab (0.3 mg) or five consecutive monthly injections of Aflibercept
(2.0 mg), followed by a treat-and-extend regimen. This regimen incorporates elements of
both monthly and as-needed (PRN) treatment regimens. As with a monthly regimen, the
ophthalmologist administers anti-VEGF intravitreal injections at each follow-up exami-
nation, but instead of a fixed 4-week follow-up interval, the length of the interval varies
according to disease activity.

In patients presenting a serous detachment of neuroepithelium and/or a poor response
in terms of improvement of best corrected visual acuity (BCVA) and central macular
thickness (CMT) three months after the loading phase with Ranimizumab or Aflibercept,
intravitreal therapy was switched to a Dexamethasone implant (700 µg), administered
twice yearly, or to a Fluocinolone Acetonide implant (190 µg).

2.2. Data Analysis

Data regarding treatments were extracted from the Eye Clinic records, web-based mon-
itoring records by the Italian Medicines Agency (Agenzia Italiana del Farmaco-AIFA), and
data flows included in the New Health Information System (Nuovo Sistema Informativo
Sanitario—NSIS).
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Data about the treatment period (months) and regimen were extracted from AIFA
web-based monitoring records. In addition, the analysis also yielded information regarding
the number and types of therapy switches during the period under analysis. Furthermore,
the study verified adherence of treatments to therapy protocols, assessing the number of
injections performed.

Evaluation of treatment efficacy was based on the measurement of CMT expressed
in µm and BCVA expressed in logMAR. CMT data were obtained by using Topcon OCT
2000 (Japan). The analysis compared clinical parameters at baseline, after the first year, and
at the end of the follow-up period. Evaluation of data on efficacy was carried out only for
patients who received at least one year of therapy.

Data on safety were evaluated as the number and severity of suspected adverse reactions
to drugs (Adverse Drug Reactions, ADRs) observed during analysis of clinical documents.

Costs of intravitreal drugs under analysis were extracted by the IT System of the
Sardinian Region adopted by all healthcare facilities in Sardinia.

For drugs not monitored by AIFA (corticosteroids), the epidemiological analysis was
conducted on data obtained from the patients’ clinical records.

2.3. Statistical Analysis

Qualitative data are shown as number and percentages. The analyzed data showed a
normal distribution (Kolmogorov–Smirnov test); hence, the Student’s t-test for continuous
variables was used. A p-value < 0.05 was considered statistically significant. The analysis
was carried out by using IBM SPSS Statistics 24 for Windows.

3. Results

The number of patients with bilateral DME was 78 (34%) out of 231. The total num-
ber of DME eyes treated with intravitreal drugs was 309. Each eye received on average
4.5 intravitreal injections per year. Overall, the total number of intravitreal injections ad-
ministered for DME treatment during the period under analysis was 1501, with an average
of 375 injections per year. The most used agent was Ranibizumab (46%), followed by
Aflibercept (34%) and Dexamethasone implant (20%), while Fluocinolone Acetonide in-
travitreal implants accounted for less than 1% of administrations (Table 1). Dexamethasone
and Fluocinolone Acetonide implants were never used as first line therapy.

Table 1. Intravitreal agents used in the treatment of diabetic macular edema (DME).

Drug Average Number (%) of Intravitreal Injections per Year

Ranibizumab 172 (45.85%)
Aflibercept 127 (34%)

Dexamethasone implant 76 (20%)
Fluocinolone Acetonide implant 2 (0.15%)

Bevacizumab 0%

Adherence to therapy was evaluated as number of interruptions before the end of the
loading phase (three doses with 4-week intervals for Ranibizumab and five doses with
4-week intervals for Aflibercept). The rate of interruptions was 12%, with 10% represented
by Ranibizumab. During the analyzed period, a total of 34 therapy switches occurred.
Ranibizumab or Aflibercept was switched to a Dexamethasone implant in 20 (59%) cases,
whereas a switch to a Fluocinolone Acetonide implant was performed in two (6%).

The mean CMT at baseline was 380 µm. After the first year of therapy, the mean CMT
was 298 µm, with an 82 µm reduction (p = 0.04). At the end of the follow-up period, the
mean CMT remained substantially unchanged (295 µm). The mean BCVA was 0.5 LogMAR
at baseline, 0.44 logMAR after one year of treatment (p = 0.04), and 0.4 logMAR at the end
of treatment. CMT and BCVA values for all patients are summarized in Figure 1.
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Figure 1. Central macular thickness (A) and best corrected visual acuity (B) values at baseline and at the end of the follow-up
for all patients receiving intravitreal treatment for diabetic macular edema.

In the 20 patients switched to a Dexamethasone implant, the mean CMT was 468 µm
at the time of switching and 362 µm at the end of the follow-up, a statistically significant
difference (p = 0.00014). The mean BCVA was 0.5 LogMar at the time of switching and
0.3 LogMar at the end of the follow-up, again a statistically significant difference (p = 0.08).
CMT and BCVA values before and after the switch to Dexamethasone are shown in Figure 2.

Figure 2. Central macular thickness (A) and best corrected visual acuity (B) values at the time of switching to a Dexametha-
sone implant and at the end of the follow-up.
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Considering all types of retinal diseases for which intravitreal drugs are used (i.e., wet
age-related macular degeneration, retinal vein occlusion, myopic choroidal neovascular-
ization, etc.), the total treatment cost during the analyzed period amounted to €5,780,000
(Table 2), with an average cost of €1,651,429 per year. As far as DME is concerned, the
global cost of intravitreal treatment was €915,000, with an average cost of €261,429 per year,
accounting for approximately 16% of total expenses. It is important to emphasize that the
total expense per year is subject to high variability, due to differences in drug consumption
and selling price, with the latter decreasing over the years. Ranibizumab was the drug
that mostly affected the expense, as it was the most prescribed intravitreal agent (46%),
followed by Aflibercept (34%).

Table 2. Annual number and cost of intravitreal (IV) injections in the period January 2017–June 2020.

Year
All IV

Injections (n.)
Global IV Cost (€)

IV Injections
for DME

IV Cost for
DME * (€)

2017 2416 1,180,000.00€ 358 175,000.00€

2018 2720 1,750,000.00€ 388 250,000.00€

2019 2642 1,600,000.00€ 643 390,000.00€

2020 † 1395 1,250,000.00€ 112 100,000.00€

TOTAL 9173 5,780,000.00€ 1501 915,000.00€

* DME = Diabetic Macular Edema; † January–June.

Our study showed that the analyzed treatments were generally well tolerated. Indeed,
during the period taken into consideration, no major ADRs (endophthalmitis, occlusive
vasculitis, etc.) were reported.

4. Discussion

DME represents a social burden due to the reduction of vision and lower quality of
life of patients affected [1,2]. Our retrospective survey confirms the clinical efficacy of
Ranibizumab, Aflibercept, and Dexamethasone implant in the treatment of DME [5,14,15],
with significant BCVA improvement and CRT reduction, especially after the first year of
treatment. In terms of safety, the drugs analyzed showed a good risk-benefits outcome,
with no systemic ADRs. Occasionally, local reactions were reported, mostly related to
the injection procedure and not connected to pharmacologic properties of the intravitreal
agents. It is important to emphasize that no thromboembolic events were observed during
the analyzed period. On the other hand, data related to adherence to therapy showed that
as much as 12% of the patients did not complete the loading phase, with a negative impact
on the outcome. The greatest contribution to this value was given by Ranibizumab, the
most used anti-VEGF agent in this investigation. Unfortunately, from the available data, it
was not possible to ascertain the reason of treatment interruption in most cases.

In our study, 20 patients receiving intravitreal Ranimizumab or Aflibercept with
disappointing results were switched to a Dexamethasone implant. After switching, there
was a significant improvement in the mean BCVA (from 0.5 to 0.3 LogMar) and CMT (from
468 to 362 µm).

In patients presenting a serous detachment of neuroepithelium and poor response
in terms of BCVA and CMT after the loading phase with Ranimizumab or Aflibercept,
intravitreal injection of a Dexamethasone implant should be considered. This can be
administered as an adjunctive treatment, without suspending the anti-VEGF agents, or as
a switch treatment.

Overall, expenses for DME treatment accounted for only 16% of the global cost of all
intravitreal injections for any cause. This can at least in part be explained by the fact that
about one-third of diabetic patients are not aware of having the disease; therefore, diabetic
retinopathy and DME are commonly underdiagnosed [5]. Cost analysis did not show a
linear trend over time, presenting a peak in 2018. In 2020, the expenses were considerably
lower, as eye examinations and intravitreal injections fell due to the hospital emergency
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created by the first COVID-19 wave; furthermore, there was a reduction in the selling price
of all the intravitreal agents used.

Our study has important limitations, including its retrospective nature and the use of
relatively crude estimates of hospital expenses. However, it provides some new data in an
underinvestigated topic, such as the drug expenses of intravitreal treatment for DME.

5. Conclusions

In conclusion, our results confirm that Ranibizumab, Aflibercept, and Dexamethasone
implant are effective and safe in the treatment of DME. A therapy switch to Dexamethasone
implant for patients receiving Aflibercept or Ranibizumab with minimal/no clinical benefit
is recommended in an attempt to improve vision, reduce costs, and reduce the burden of
injections of clinics and hospitals, especially in a pandemic era [16].
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