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Corticosteroids are used in a variety of ophthalmological diseases. One challenge faced by ophthalmologists is to deliver
corticosteroids to the posterior segment of the eye with efficacy and safety. Sustained-release corticosteroid implants may be the
answer to this problem. The 0.19 mg fluocinolone acetonide (FAc) implant (Iluvien®) releases FAc for 36 months, and it is
approved for the treatment of diabetic macular edema (DME) and noninfectious uveitis. We decided to do a systematic review to
acknowledge in which other diseases FAc implant is being used off-label. A literature search was performed in the following three
electronic databases: PubMed, Scopus, and Web of Science (from January 1%, 2000, to September 20, 2020), using the following
query: (“Fluocinolone Acetonide” OR Iluvien®) AND (“eye” OR “ocular” OR “intravitreal).” A total of 11 papers were included,
and the use of FAc implant was analyzed in the following diseases: radiation-induced maculopathy (RM); paraneoplastic visual
syndromes (melanoma-associated retinopathy (MAR) and cancer-associated retinopathy (CAR)); Sjogren’s syndrome-related
keratopathy; retinal vein occlusion (RVO); cystoid macular edema (CME); diabetic retinal neurodegeneration (DRN); and
retinitis pigmentosa (RP). FAc implant may be a potential treatment for these diseases; however, the level of scientific evidence of
the included studies in this review is limited. Further studies with larger cohorts and longer follow-ups are needed to validate
this data.

1. Introduction

The anti-inflammatory, antiangiogenic, antiproliferative,
antiedematous, and antiapoptotic properties of corticoste-
roids make them a useful drug class for a wide spectrum of
eye diseases, such as diabetic macular edema (DME), cystoid
macular edema (CME), retinal vein occlusion (RVO), and
uveitis [1, 2]. With the increase in life expectancy, these
diseases are becoming more prevalent, which creates a
challenge for ophthalmologists due to their substantial
impact on the quality of life of these patients [3, 4].

The other challenge faced by ophthalmologists is the
administration of corticosteroids to the posterior segment of

the eye [5]. The anatomy of the eye and its physiologic
aspects make it difficult for drugs to be absorbed into the eye.
Topical administration is useful in conditions affecting the
anterior segment of the eye, but it does not meet the needs of
the posterior segment [6]. One other alternative is the
systemic route, but the inner retina and outer retina blood-
retinal barriers are important obstacles for drug molecules
[6]. High doses of systemic corticosteroids are needed to
achieve therapeutic levels in the eye, but this is not always
feasible due to the adverse effects of corticosteroids [7].
Intravitreal injections eliminate the risk of systemic adverse
effects while allowing therapeutic drug levels in the vitre-
oretinal space. However, intraocular clearance rates are fast
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leading to repeated intravitreal injections. Rare complica-
tions of intravitreal injections are endophthalmitis, retinal
detachment, and vitreous hemorrhage [8-10].

Sustained-release corticosteroid implants have emerged
to bridge the problems related to intravitreal injections.
These implants reduce the number of injections minimizing
the adverse effects of multiple injections, increasing patient
comfort and adherence to the treatment while being able to
deliver the drug with a lower dose, reducing drug-related
adverse events [5].

Currently, three synthetic intravitreal glucocorticoids
are used to treat posterior eye segment diseases: triamcin-
olone (TA), dexamethasone (DEX), and fluocinolone ace-
tonide (FAc). TA is used as an injectable suspension while
DEX and FAc require sustained-release delivery systems.
While TA and DEX implants have a therapeutic window of
1-6 months, FAc implants can last 3 years [10-12].

For the posterior segment of the eye, three FAc sus-
tained-release devices have been approved by the United
States Food and Drug Administration (FDA): Retisert®
0.59mg (Bausch & Lomb, Rochester, NY), Yutiq® 0.18 mg
(EyePoint, Watertown, MA), and Iluvien® 0.19 mg (Alimera
Science, Alpharetta, GA).

The 0.19mg FAc implant has been approved for the
treatment of diabetic macular edema and cystoid macular
edema related to noninfectious uveitis [10]. However, due to
its unique characteristics, ophthalmologists have used this
implant to treat other retinal diseases. This review will focus
on the oft-label use of the 0.19 mg FAc implant.

2. 0.19 mg Fluocinolone Acetonide Implant

The 0.19 mg FAc implant is a nonbiodegradable and non-
erodible intravitreal implant; it is a light brown colored
cylinder with approximately 3.5 mm in length and 0.37 mm
in diameter that contains 0.19 mg of FAc. FAc is a synthetic,
fluorinated glucocorticoid that is 24 times less soluble than
DEX, which allows a prolonged drug release [10, 13]. It is
inserted via the pars plana through a 25-gauge injector
system as an intravitreal injection, during an in-office
procedure, under controlled aseptic conditions, without the
need for sutures [14]. It releases 0.25 ug/day (average rate of
0.2 ug/day), up to 36 months [10, 13].

In Europe, it is approved for the treatment of vision
impairment associated with chronic DME that is insuffi-
ciently responsive to available therapies. In the USA, it is
approved for the treatment of DME in patients who have
been previously treated with a course of corticosteroids and
did not have a clinically significant rise in intraocular
pressure (IOP) [15]. More recently, in March 2019, the FAc
implant was approved in 17 European countries for the
prevention of relapse in recurrent noninfectious uveitis
affecting the posterior segment of the eye [10].

The safety and efficacy of the implant were assessed in the
FAME (Fluocinolone Acetonide for Diabetic Macular
Edema) trials [16], which were parallel-group, prospective,
randomized, double-masked, sham-injection controlled,
multicenter, phase III clinical trial conducted over a period
of 36 months. In this study, two release rates (0.2 and 0.5 ug/
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day) were compared with sham injections. At 36 months,
28.7% and 27.8% of the patients in the low and high dose,
respectively, had a >15 letter gain in the Best Corrected
Visual Acuity (BCVA) letter score, compared to 18.9% in the
sham group. The most common adverse effect was cataract
(42.7% low-dose group, 51.7% high-dose group, and 9.7%
sham group). Cataract surgery was performed in 80.0% of
the patients in the low-dose group, 87.2 in the high-dose
group, and 27.3% in the sham group. Another very common
adverse effect was the increase of IOP, affecting 37.1% in the
low-dose group, 45.5% in the high-dose group, and 11.9% in
the sham group.

Also, Campochiaro et al. [17] described the pharma-
cokinetics and pharmacodynamics in the FAMOUS study.
The results showed that the FAc concentration peak oc-
curred on day 7 for most subjects. During the next 6 months,
aqueous humor concentrations of FAc decreased. Through
months 12 to 36, the concentrations stayed stable. It was also
demonstrated that the drug was not detected in the systemic
circulation; FAc plasma concentrations were always below
the lower limit of quantification of the assay (100 pg/mL)
[17, 18].

The 0.19mg FAc implant is contraindicated in the
presence of preexisting glaucoma or active or suspected
ocular or periocular infections. In addition, it is contra-
indicated in patients that have hypersensitivity to the active
substance or to any of the excipients of the implant, such as
polyvinyl alcohol, polyimide tube, and silicone adhesive [10].

At the moment of this review, simultaneous treatment of
both eyes is not recommended until a response to the first
implant is known [10].

3. Materials and Methods

This systematic review was designed according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) criteria [19].

3.1. Literature Search Strategy. A literature search on Sep-
tember 20 was conducted in the following electronic data-
bases: Pubmed, Scopus, and Web of Science (from January
1%, 2000, to September 20", 2020). The following query was
used: (“Fluocinolone Acetonide” OR Iluvien”) AND (“eye”
OR “ocular” OR “intravitreal).” Furthermore, a hand search
of the bibliographies of the included studies and reviews was
conducted to identify additional studies.
The search strategy is represented in Figure 1.

3.2. Inclusion and Exclusion Criteria. We included studies in
which FAc implant was used off-label to treat other oph-
thalmological diseases besides DME or uveitis.

We excluded, from this review, studies in which FAc
implant was used to treat DME or uveitis, studies that used
other implants or drugs, reviews or meta-analysis, and other
studies that were not relevant to the main topic.

Beyond the temporal limit, no language, age, country, or
species restrictions were implemented. The temporal limit
was used because the 0.19mg FAc implant is a recent
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FIGURE 1: Flowchart, adapted from PRISMA [19], summarizing the selection process for studies concerning off-label FAc implant in

ophthalmological diseases.

implant; therefore, there was no need to expand the search to
previous years [16].

A total of 11 studies were included in this review based
on the inclusion and exclusion criteria mentioned above.

3.3. Study Selection. A total of 1453 articles were obtained.
Duplicates were removed. Titles of the remaining articles
were screened, and those with potential relevance, based on
the use of 0.19 mg FAc implant or FAc in other diseases
besides DME and uveitis, had their abstracts checked.

3.4. Data Extraction. Study details were extracted as follows:
disease, author, country and year, type of study, number of
subjects, age of the subjects, number of eyes studied, follow-
up, and main study conclusions.

4. Results

A total of 1453 articles were obtained after a literature search
(PubMed: 321, Scopus: 732, and Web of Science: 400). After
duplicates were removed, 910 were analyzed. The eligibility
was accessed in 19 studies, and a total of 11 were included in
this review. Of these 11 studies, 6 are case reports [20-25], 1

is a case series [26], 1 is an abstract [27], 1 is a retrospective
study [28], and 2 are randomized control trials [29, 30]. The
main characteristics of the included studies are presented in
Table 1.

The results are categorized by disease. The diseases in-
cluded in this review are radiation-induced maculopathy
(RM); paraneoplastic visual syndromes (melanoma-related
retinopathy (MAR) and cancer-related retinopathy (CAR));
Sjogren’s syndrome-related keratopathy; retinal vein oc-
clusion (RVO); cystoid macular edema (CME); diabetic
retinal neurodegeneration (DRN); and retinitis pigmentosa
(RP).

4.1. Radiation-Induced Maculopathy. RM is a common
complication after radiotherapy for uveal melanoma and
neck and head malignancies. Higher doses of radiation and
preexisting diabetes mellitus (DM) are the main risk factors
for RM [31]. RM clinical features are similar to those found
in diabetic retinopathy. Macular edema is an early and
common finding in RM, which causes a decrease in visual
acuity or loss of vision [32].

Zimmerman et al. [26] reported the use of FAc implant
in 5 patients, 2 males and 3 females (5 eyes: 4 pseudophakic
and 1 phakic), aged between 37 and 68, with RM.
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TABLE 1: Main characteristics of the included studies.

Author and Number

Disease year Type of study of subjects Number of eyes Follow-up Conclusions
5 patients presented a decrease
in foveal thickness. 4 patients
Zimmerman . . improved their retinal
Radiation-induced maculopathy et al. [26], Case series 5 (37-68 5.4 pseudoph.akl € 2-8 months structures and visual acuity.
(peer-reviewed)  years) and 1 phakic .
Germany Adverse events: 1 patient

presented IOP elevation

(required medical therapy).
BCVA left eye: from 20/40 to
20/20. BCVA right eye: from

20/80 to 20/20. ERG with
retinal function improvement
in both eyes (1 year after in the
right eye and 2 years after in
the left eye). Adverse events:
both eyes developed cataracts 2
years after, requiring cataract

surgery.

FAc implant outcomes:
BCVA improved; MD
Paraneoplastic improved; IOP dropped; color

syndromes vision improved; did not
require multiple treatments or
multiple hospital admissions.

11 eyes: (7 treated FAc implant adverse events:

with FAc implant One eye from the FAc implant

Karatsai et al.
MAR [20], United
Kingdom

Case report 1 (73 years

(peer-reviewed) old) 2: 2 phakic 36 months

Abdulla and Retrospective

CAR Taylor [27] (nojc peer 6 and 4 treated with 6 months group underwent cataract
reviewed)
IVIg) surgery.
IVIg outcomes:
BCVA declined; MD
improved; IOP increased;
color vision improved; did
require multiple treatments or
hospital admission.
FAc implant outcomes:
BCVA improved from hand
motion to 16/100; No more
2 eyes (left eye was S .
1 . surgical interventions were
. N Wasielica- treated with FAc ..
Sjogren’s syndrome-related . Case report 1 (52years . needed; No alteration in IOP
Poslednik et al. . implant and the 6 months
keratopathy (21], German (peer-reviewed) old) rioht eve served as a was documented. Control eye:
’ Y & c)::)n trol) 2 PKPs, 1 vitrectomy, 5 AMTs,

and 3 tarsorrhaphies because
of recurrent keratolysis and
perforations.

BCVA improved from 20/100
to 20/25. Central foveal
thickness decreased from
578 um to 393 um. After

12 months, there was still some
edema on the OCT. IOP

maintained normal, controlled

by medication.

Coelho et al. Case report 1 (65 years

Retinal vein occlusion [22], Portugal (peer-reviewed) old)

1:—1 pseudophakic 12 months
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TaBLE 1: Continued.

Number
of subjects

Author and
year

Disease Type of study Number of eyes Follow-up

Conclusions

Ong et al. [23],
USA

11-13
months

Case report 1(79-

After vitrectomy (peer-reviewed) year-old)

2:—2 pseudophakic

Alfagawi et al.
[24], United
Kingdom

Retinal
detachment repair

Case report
(peer-reviewed)

1 (65 year-
old) 1 20 months
Cystoid

macular edema

Disrupted
anterior-posterior
segment border
(FLAT)

Herold et al. Case report

[25], Germany (peer-reviewed) 1 month

Mean
follow-up
post FAc
implant:

160:—110
pseudophakic - 38
phakic—12 not
recorded

130 (mean
age 69.6
years)

Lynch et al.
[28], USA

Retrospective

Diabetic retinal neurodegeneration .
(peer-reviewed)

13.2 months

BCVA left eye: from 20/80 to
20/40. BCVA right eye: from
20/64 to 20/50. Both with
anatomical improvement on
OCT. IOP remained normal.
BCVA improved from 6/36 to
6/18. Anatomically, presented
dry fovea. Adverse events:
Anterior uveitis during the
first week after surgery and
elevated IOP, which was
controlled with medication for
4 weeks.

BCVA improved one line in
one patient and stayed the
same in the other >10%
reduction of central retinal
thickness on OCT in both
patients. Adverse events:
Subjective discomfort in the
suture area that resolved
during the first 4 weeks.
Region 1: The rate of inner
retinal loss was not statistically
significant. Region 2: The rate
of inner retinal loss was
statistically significant. The
rate of thinning went from
4.0 ym/y to 1.1 ym/y after FAc
implant treatment.
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Author and
year

Disease

Number

Type of study of subjects

Number of eyes

Follow-up Conclusions

Photoreceptor Glybina et al.

neuroprotection [29], USA

Retinitis
pigmentosa

Retinal Glybina et al.

degeneration [30], USA

RCT (peer- 32 RCS

. 64
reviewed) rats

32
S334ter-4 64
rats

RCT (peer-
reviewed)

ERG: ERG a- and b- wave
amplitudes were preserved in
all animals receiving FAc
implants. There was an 80%
reduction in the control
groups. This preservation in
the FAc implant groups was
statistically significant
compared to control groups.
Retinal histology: ONL
thickness was greater than in
the control groups. INL
thickness was not different
between groups. Microglial
cell count: FAc significantly

4 weeks  reduced the overall number of
microglial cells in the
photoreceptor cell layer, when
compared to the control
groups. The number of
activated microglial cells was
also reduced. Adverse events:
No cataract formation, no
inflammatory changes, or
retinal detachment. IOP
showed no statistically
significant differences between
groups. Overall conclusion:
The 0.2 ym/d FAc implant was
reproducibly more effective
than the higher dose implant.
ERG: ERG a-wave amplitudes
did not change significantly in
the 0.2 um/d group. ERG b-
wave amplitudes were greater
in the FAc groups than in the
control groups. These
observations indicate that
steroid treatment was
associated with the
preservation of rod-driven
electrical activity during
phototransduction. Retinal
histology: The 0.2 um/d FAc
implant group presented a
thicker ONL. INL thickness

8 weeks  was not significantly different
between groups. Microglial
cell count: Microglial cell
count was significantly lower
in both FAc implant groups
when compared to the control
groups. Adverse events: No
signs of infection,
inflammation, media opacities,
or IOP were observed during
the 8-week postoperative
period in any animal. Overall
conclusion: The 0.2 um/d FAc
implant was reproducibly
more effective than the higher
dose implant.
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All five patients before FAc implant were treated with
intravitreal TA injections or DEX implants.

At the end of the follow-up (2-8 months), all five pa-
tients had a decrease in foveal thickness. Four of the five
patients improved their anatomical retinal structures and
BCVA. The only adverse event reported was the increase in
IOP in one patient, who required medical therapy. No other
adverse event occurred; inclusively, no cataract formation
was documented in the phakic eye after 8 months.

The FAc implant, based on these case reports, appears to
be a safe and effective treatment for RM when patients are
not responsive to the initial treatment. However, as these are
case reports, the level of evidence is low; therefore, more
studies with longer follow-ups and larger cohorts are needed
to validate this data and to determine the efficacy and safety
of FAc implant in patients with RM.

4.2. Paraneoplastic Visual Syndromes. Paraneoplastic visual
syndromes are a heterogeneous group of disorders associ-
ated with a systemic malignancy that is not related to the eye
[33]. These manifestations can be presented months before
the presentation of main cancer [34]. In our literature
search, FAc implant was used in cancer-associated reti-
nopathy (CAR) and melanoma-associated retinopathy
(MAR), two paraneoplastic syndromes with chorioretinal
involvement.

4.2.1. Melanoma-Associated Retinopathy. MAR is a rare
autoimmune condition. It is a paraneoplastic syndrome that
occurs in patients with cutaneous melanoma, causing
progressive visual field loss and night blindness [35].

Karatsai et al. [20] reported a case of a 73-year-old
woman followed for 3 years after FAc implant in both eyes.

At the time of treatment, the patient had a BCVA of 20/
80 in the right eye, 20/40 in the left eye, and worsening night
blindness. One week after the implant, both eyes presented
an improvement in visual symptoms, visual field, and BCVA
was 20/20. The BCVA remained 20/20 during the 3 years of
follow-up. Improvement in retinal function, measured by
electroretinography (ERG), was present 1 year after the
implant in the right eye and 2 years after the implant in the
left eye.

Both eyes developed cataracts 2 years after the implant,
requiring cataract surgery. [OP remained normal during the
follow-up.

This case report suggests that sustained-release corti-
costeroid implants, in this case, FAc implant, may be ef-
fective in MAR; however, a single case report provides low
evidence about the efficacy and safety of FAc implant in
patients with MAR. Therefore, more studies are needed to
confirm these findings.

4.2.2. Cancer-Associated Retinopathy. CAR is considered
the most common intraocular paraneoplastic syndrome. It is
caused by antibodies against retinal antigens and it is
characterized by painless and progressive visual loss,

photosensitivity, ring scotoma, and loss of rod and cone
function observed in ERG [34, 36].

Abdulla and Taylor [27], in a retrospective observational
clinical study of 6 patients (11 eyes), compared the use of
FAc implant (7 eyes) with intravenous immunoglobulin
(IVIg) (4 eyes) in CAR, during a follow-up of 6 months.

Six months after the implant, BCVA improved in the
FAc group and declined in the IVIg group. IOP dropped in
the FAc implant group but increased in the IVIg group. Both
groups reported a subjective improvement in vision, par-
ticularly in color vision, and an improvement in mean
deviation (MD) of the visual field scores. The FAc implant
group, compared to the IVIg group, did not require multiple
treatments, allowing a better quality of life for these patients.

During the follow-up, the only reported adverse event
was cataract surgery in one eye of a patient from the FAc
implant group.

FAc implant may have a potential palliative role in
patients with CAR. However, only the abstract is available;
therefore, it was not peer-reviewed. More studies with larger
cohorts, longer follow-ups are needed to validate these re-
sults and to determine the efficacy and safety of FAc implant
in patients with CAR.

4.3. Sjogren’s Syndrome-Related Keratopathy. Sjogren’s
syndrome (SS) is a chronic autoimmune disease charac-
terized by the destruction of exocrine glands, resulting in
secretary dysfunction. The typical manifestations are xero-
stomia and xerophthalmia [35].

Wasielica-Poslednik et al. [21] reported a case of a 52-
year-old Caucasian woman with SS secondary to autoim-
mune hepatitis and primary sclerosing cholangitis which
presented to the emergency room with corneal ulcers in both
eyes. The left eye had corneal perforation and BCVA was
hand motion. The right eye had deep corneal melting and
BCVA was 20/100. The patient had a history of filiform
keratitis and recurrent erosions for the previous 3 years.

Both eyes underwent penetrating keratoplasty (PKP) and
amniotic membrane transplant (AMT). FAc implant was
inserted in the left eye, 3 months after her first admission to
the emergency room, because of new signs of corneal
melting. 2 weeks after the implant, the patient underwent a
third PKP and AMT, and a tarsorrhaphy. The right eye
served as control. Both eyes equally received topical and
systemic therapies.

No additional intervention was performed in the left eye
during the 6 months after the third PKP and AMT. On the
other hand, the right eye had 2 PKPs, 1 vitrectomy, 5 AMTs,
and 3 tarsorrhaphies, due to recurrent keratolysis and
perforation.

BCVA in the implanted eye improved from hand motion
to 16/100 and no alteration in IOP was documented.

These results suggest that FAc implant may supplement
other topical and systemic therapies used in patients with
autoimmune corneal diseases; however, this is a single case
report; therefore, more studies with longer follow-ups and
larger cohorts are needed to obtain a better understanding of



the efficacy and safety of FAc implant in autoimmune
corneal diseases.

4.4. Retinal Vein Occlusion. RVO is one of the main causes of
sudden, painless vision loss in adults older than 50 years old.
It is related to macular edema and elevated levels of vascular
endothelial growth factor (VEGF) and inflammatory me-
diators. These characteristics make corticosteroids a useful
class for their treatment [37].

Coelho et al. [22] reported a case of a 65-year-old man
with vision loss in the left eye, with neither risk factors nor
ophthalmological history. The patient was diagnosed with
central retinal vein occlusion (CRVO) in the same eye a week
before and was medicated with oral deflazacort 30 mg and
nepafenac 1 mg/ml. His BCV A was 20/100 in the left eye and
20/20 in the right eye. The IOP was normal, and the swinging
flashlight test was normal. Optical coherence tomography
(OCT) showed peripapillary hemorrhage and papillary
edema with exudates. Fluorescein angiography was also
performed and demonstrated a delay in arteriovenous
transit time in the left eye, retinal hemorrhage, vessel wall
staining with perfusion over the peripheral retina, and no
visible neovascularization. During a period of 20 months, the
patient was treated with 6 DEX implants before treatment
with FAc implant. IOP was 16 mmHg, controlled by med-
ication. The patient was pseudophakic at the time of the
implant.

The results presented by Alfaqawi et al. [24] showed that
from the 1°' to the 12™ month after the implant, visual acuity
improved to 20/25 (before 20/100) and the central subfield
foveal thickness decreased from 578 ym to 393 ym. IOP
remained stable, controlled by the same medication as when
the implant was injected. In the 12™ month, it was still
possible to observe residual macular edema on OCT.

CRVO macular edema persists for a long time; conse-
quently, a prolonged treatment is needed. FAc implant al-
lows this prolonged treatment without the burden of
multiples injections or multiples implants over a short pe-
riod of time.

The results suggest that FAc implant may be an alter-
native in patients with CRVO that are not responsive to
other treatments. However, this is a single case report, and
its level of evidence is low. More studies with longer follow-
ups and larger cohorts are needed to validate this data and to
determine the efficacy and safety of FAc implant in patients
with CRVO.

4.5. Cystoid Macular Edema

4.5.1. Persistent Nondiabetic Cystoid Macular Edema after
Vitrectomy. Ong et al. [23] reported a case of a 79-year-old
Caucasian, a pseudophakic man with CME in both eyes
associated with an idiopathic epiretinal membrane (ERM) in
the right eye and vitreomacular traction syndrome (VMT) in
the left eye. He underwent pars plana vitrectomy with ERM
and internal limiting membrane peeling in the right eye, and
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vitrectomy with intraocular gas tamponade in the left eye.
Postoperatively, he had persistent CME in both eyes. In this
case, the pathophysiology of postoperative CME was pre-
sumed to be inflammatory in nature, caused by the surgery.
Therefore, the use of sustained-release corticosteroid im-
plant may have a role in its treatment.

The patient did anti-VEGF injections and intravitreal
TA, but CME continued relapsing. Therefore, FAc implant
was used first in the left eye and two months later in the right
eye. At the time of the implant, BCVA was 20/80 in the left
eye and 20/64 in the right eye.

At 13 and 11 months after injection, the left and right
eyes, respectively, both eyes demonstrated BCVA im-
provement, 20/40 (before 20/80) in the left eye and 20/50
(before 20/64) in the right eye. OCT also showed anatomical
improvements, with a decrease in central subfield thickness,
from 565 um to 287 ym in the left eye and from 592 um to
288 um in the right eye.

No adverse events were reported during the follow-up.

This case shows that the longer duration of FAc implant
allows the patient to stay CME free for a longer period.

The results suggest that FAc implant may be an effective
and safe therapeutic option for persistent nondiabetic CME
after vitrectomy. However, this is a case report, and a
generalization of these results has to be made with caution.
Therefore, more studies with longer follow-ups and larger
cohorts are needed to validate these findings.

4.5.2. Refractory Cystoid Macular Edema after Retinal De-
tachment Repair. Alfaqawi et al. [24] reported a case of a 65-
year-old woman that developed retinal detachment (RD)
due to proliferative vitreoretinopathy after right eye pars
plana vitrectomy. RD repair was performed. Four months
later, the patient developed CME in her right eye and
presented a BCVA of 6/36 in the same eye. During a period
of 64 months, the patient underwent 3 posterior sub-Tenon’s
TA injections, 2 intravitreal TA injections, 4 intravitreal
DEX implants, and 1 intravitreal anti-VEGF injection. The
patient ended up receiving a FAc implant 2 years after the
last injection of anti-VEGF, because of refractory DME to
the previous treatments.

During the first week, the patient developed mild right
eye anterior uveitis. IOP was 27 mmHg in the right eye and
18 mmHg in the left eye. She received IOP lowering med-
ication for 4 weeks. Twenty months after receiving the FAc
implant, the patient presented dry fovea on the OCT and
BCVA of 6/18 in the right eye.

Inflammation is a probable factor involving CME after
retinal detachment repair [38]; therefore, the use of sus-
tained-release corticosteroid implant may have a role in its
treatment.

This case report demonstrated that FAc implant allowed
a longer period without any additional treatment for CME.

The results suggest that FAc implant may be an effective
therapeutic option for refractory CME after RD repair.
However, this is a case report and generalizations of these
results have to be made with caution. For this reason, more
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studies with longer follow-ups and larger cohorts are needed
to validate these findings.

4.5.3. Severe Iris-Lens Diaphragm Disruption and Recalci-
trant Cystoid Macular Edema. Eyes that underwent com-
plicated cataract surgery or posterior capsule rupture have
an increased risk for CME, requiring sustainable medical
treatment in the long term [38]. They are also at a higher risk
to develop complications, such as migration of the implant
into the anterior chamber.

Herold et al. [25] reported two patients with disrupted
anterior-posterior segment border and persistent CME.
Both patients (1 eye each) were treated with a DEX implant,
and both patients experienced problems related to the im-
plant or migration of the implant into the anterior chamber.

Herold et al. [25] developed a technique named Fluo-
cinolone Loop-Anchoring Technique (FLAT) with the goal
to eliminate the risk of anterior migration of the implant in
severely damaged eyes.

After the surgery, both patients experienced subjective
discomfort in the suture area due to mechanical disturbance.
This discomfort resolved after 4 weeks. There were no
problems related to IOP elevation or hypotonia during the
first 4 weeks. No migration of the FAc implant was observed
in the first 4 weeks.

Both patients showed morphological improvement, with
a reduction of central retinal thickness in the spectral do-
main OCT of >10% during the first 4 weeks after the pro-
cedure. BVCA increased one line in one eye and remained
stable in the other patient.

This study shows that FLAT may be a solution to im-
prove the treatment in these eyes that are at a higher risk of
anterior chamber implant migration. However, a follow-up
of only 1 month is not ideal, since the FAc implant lasts up to
36 months. More studies with longer follow-ups and larger
cohorts are needed to evaluate the long-term safety and
complication rate of this new technique, as well as the ef-
ficacy of FAc implant in such eyes.

4.6. Diabetic Retinal Neurodegeneration. DRN is a compli-
cation of diabetes, and, presently, there are no neuro-
protective treatments in patients with diabetes.

Lynch et al. [28] analyzed the area around the fovea of
130 patients, 160 eyes (110 pseudophakic, 38 phakic, 12 not
recorded), to calculate the neurodegeneration rate after FAc
implant treatment. Two different areas were studied using
OCT imaging: zone 1 was located within 1.5 mm of the fovea,
and zone 2 was from 1.5mm to 3.0 mm from the fovea.

Zone 1 showed no statistically significant differences
between pre- and post-FAc implant treatment. On the other
hand, the rate of thinning in zone 2 was statistically sig-
nificant, going from 4.0 ym/y before FAc implant to 1.1 ym/y
after FAc implant treatment.

This study showed that neuroretinal thinning slowed
after treatment with FAc and suggests a potential role of FAc
implant in diabetic patients with progressive macular
thinning. However, as this was a retrospective study, con-
clusions have to be made with caution. The authors suggest

that a multicenter, prospective, randomized, sham-con-
trolled trial in a population of people with diabetes who have
not been diagnosed with DME or diabetic retinopathy would
be the ideal study design.

4.7. Retinitis Pigmentosa. RP is a group of inherited diseases
in which patients present with decreased night vision and
loss of peripheral vision because of photoreceptor cell loss.

From the principle that microglial cells are responsible
for the neuroinflammation present in many neurodegen-
erative diseases, Glybina et al. [29, 30], in two RCTs, studied
the neuroprotective properties of intravitreal FAc in rats.
One study focused on photoreceptor neuroprotection [29]
and the other on retinal degeneration [30].

4.7.1. Photoreceptor Neuroprotection. In their first study
[29], four groups of Royal College of Surgeons (RCS) rats, 5-
week-old, were created: 0.2ug/d FAc-loaded intravitreal
drug-delivery implant (IDDI), 0.5ug/d FAc-loaded IDDI,
inactive IDDI, and nonsurgical control.

The 4-week follow-up time showed no cataract forma-
tion, no inflammatory changes, or retinal detachment. IOP
showed no statistically significant differences between
groups.

ERG amplitudes reduced 80% in the control groups,
whereas in the FAc-treated groups no statistically significant
attenuation of the ERG amplitudes was observed.

The histologic evaluation demonstrated that, in the FAc-
treated groups, the retinal outer nuclear layer (ONL)
thickness was greater than that in the control groups, but it
was more significant in the 0.2 ug/d group. Retinal inner
nuclear layer (INL) thickness was not different between
groups.

When counting microglial cells, the FAc-treated groups
presented fewer activated cells and fewer microglial cells in
the photoreceptor cell layer. These results were greater in the
group treated with 0.2 ug/d of FAc.

These results suggest that FAc treatment in patients with
RP could help deaccelerate photoreceptor cell death by
reducing neuroinflammation.

4.7.2. Retinal Degeneration. In their second study [30], four
groups of heterozygote S334ter-4 rat retinal degeneration
model (a mutation identical to the human rhodopsin mu-
tation in RP) were created: 0.2 yg/d FAc-loaded intravitreal
drug-delivery implant (IDDI), 0.5ug/d FAc-loaded IDDI,
inactive IDDI, and nonsurgical control.

The 8-week follow-up period did not show any signs of
infection, inflammation, media opacities, or increase in IOP
in any animal.

ERG a-wave amplitudes did not change significantly in
the 0.2 ug/d treated group when compared to the other three
groups, in which a significant a-wave loss was observed. ERG
b-wave amplitude in the FAc-treated eyes was significantly
greater than that in the control groups.

Histologic evaluation showed that eyes from the 0.2 ug/d
treated group had a significantly thicker ONL than in the
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other three groups. INL thickness was not different between
groups.

Microglial cell reduction was observed in both FAc-
treated groups.

The results in this study were consistent with those
observed in the RCS rat retinal degeneration model [29].

This study showed that treatment with an FAc implant
was associated with the preservation of retinal electro-
physiology, morphology, and suppression of retinal
microgliosis.

Both studies by Glybina et al. [29, 30] showed that the
0.2 ug/d FAc implant had better results than the higher dose
implant.

These two studies suggest that sustained release of FAc
may be a future option to treat people with RP by reducing
retinal degeneration and by protecting photoreceptors. It
would be important to reproduce this study with human
subjects, in order to analyze the implant efficacy and safety.

5. Discussion

The main purpose of this systematic review was to under-
stand in which other ophthalmological fields FAc implant is
being used off-label. With this in mind, a literature search for
studies in which FAc implant was being used off-label was
performed.

The implant’s small size, the release of FAc for 36
months, allowing the patient to stay treatment free for a
longer period, and the fact that it is administered by a
minimally invasive procedure are all factors of interest to use
this implant, especially when patients do not respond to the
primary treatment [10].

In this review, a total of 11 studies were included, and the
implant was used off-label in a variety of different eye-related
diseases. However, the majority of the papers were of low
evidence, and the 2 RCTs were performed in nonhuman
subjects. Thus, all this data needs to be analyzed with
caution, and most of the conclusions from these papers
cannot be generalized.

One thing in common with the diseases reviewed is the
inflammatory component associated with them. A lot of
these diseases already have corticosteroids as part of their
therapeutic options; however, the chronicity of these dis-
eases makes the use of some of these corticosteroids a
challenge. In most reported cases, the decision to use the FAc
implant arose after patients underwent treatment with other
corticosteroids that were effective, but their condition ended
up relapsing after a short period of time. For example, the
DEX implant, which was used in some of the cases reviewed,
releases DEX for 3-6 months. Normally, patients need more
than one implant for their condition, resulting in more than
one procedure needed during treatment [22, 26]. Other
therapies used were intravitreal injections with TA [23, 26]
or with anti-VEGF [23], which also involve multiple in-
jections. This causes discomfort in the patient and increases
the risk of adverse events associated with the injection.

One of the most analyzed outcomes was BCVA. From
the results, most patients showed an improvement in their
BCVA during follow-up after FAc implant. OCT evaluation
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also showed anatomical improvements with retinal thick-
ness and macular edema reduction. During follow-up, pa-
tients did not need any extra intervention, providing an
increased quality of life.

The studies where neuroprotection was studied by
Gragoudas et al. [31, 32] concluded that FAc IDDI reduced
neuroinflammation mediated by microglial cells. These
studies compared two release rates, and 0.2 ug/d was the one
with the best results regarding microglia cell reduction and
overall neuroinflammation reduction. These results suggest
that FAc implant could have a therapeutic role in patients
with RP because of photoreceptor cell preservation, as well
as in other diseases associated with neuroinflammation.

Lynch et al. [28], in their study, noticed a reduction in
neuroretinal thinning rate after FAc implant; consequently,
FAc could have a role in patients with DM that are at higher
risk of retinal neurodegeneration. However, this was a
retrospective study, presenting the limitations inherent to
the study design.

The case report presented by Wasielica-Poslednik et al.
[21] used FAc implant to treat keratopathy, which is not a
disease related to the posterior segment of the eye. This case
showed that sustained release of FAc may be used as a
supplement to other therapies used to treat keratopathy
associated with SS. The eye treated with the implant pre-
sented a significant improvement when compared to the
control eye. This may open new possibilities for using the
FAc implant in inflammatory diseases of the anterior
segment.

The most common adverse events related to the FAc
implant are cataracts requiring surgery and an increase in
IOP [10, 16]. The results corroborate this information.
Observing the results of the reviewed papers, we can see that
patients with phakic eyes developed cataracts and required
surgery. IOP was also measured in most studies, but the
elevation of IOP was not as common as the development of
cataracts, and when it occurred, it was easily controlled with
medication.

However, most of the studies had a short follow-up, and
it was not possible to evaluate if the reported effective and
safe release of FAc was sustained for 36 months for these
different pathologies.

One of the included studies presented a new technique to
implant FAc implant. FAc implant normally stays free inside
the vitreous cavity, which can result in the migration of the
implant into the anterior chamber. Although being un-
common, it has a higher probability of occurring when the
patient has a disrupted anterior-posterior segment border
after complicated cataract surgery [10, 39]. Herold et al. [25]
developed FLAT to treat two patients with disrupted an-
terior-posterior segment border with persistent CME. The
procedure was well tolerated by the patients and just some
discomfort in the suture area was documented. No IOP
elevation was verified, and no migration of the implant was
registered during the 4-week follow-up period. This follow-
up is too short to make valid conclusions about the tech-
nique and the overall effect of the implant in these patients. It
would be important to have these cases studied for a longer
period of time to analyze the overall outcome of the implant
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in their CME. Additionally, a longer follow-up would allow
evaluating if the technique is successful, as well as if it is safe.

Overall, these results show that it may be possible for
FAc implant to be used in many other eye-related diseases;
however, higher-quality studies with well-defined method-
ologies are needed to corroborate these findings.

6. Conclusions

The results presented in this review support the potential use
of FAc implant in other ophthalmological diseases besides
DME and noninfectious uveitis. The majority of studies
included in this review were of low evidence. Nevertheless,
these types of studies are important to start a discussion in
the community. For these reasons, better methodological
studies, such as RCTs with larger cohorts and longer follow-
ups, would be important for a greater level of understanding
of the efficacy and safety of the potential use of this implant
in other ocular diseases.
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