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Abstract: Non-infectious choroiditis comprises immune-mediated diseases resulting from diverse
pathophysiological mechanisms. These conditions are sub-divided into two main groups, (1) diseases
of the choriocapillaris and (2) diseases of the choroidal stroma. The purpose of this study is to
expose the pathophysiology of the most common diseases of both these groups and recommend
the optimal immunomodulatory/immunosuppressive therapy of each analyzed condition based on
literature data and data from our own centers. Material and Methods: Narrative review. In the group
of choriocapillaritis entities or primary inflammatory choriocapillaropathies (PICCPs) including
multiple evanescent white dot syndrome (MEWDS), acute posterior multifocal placoid pigment
epitheliopathy (APMPPE), idiopathic multifocal choroiditis (MFC) and serpiginous choroiditis (SC),
as well as secondary choriocapillaritides including acute syphilitic posterior multifocal placoid
chorioretinitis (ASPMPC) and tuberculosis-related SC (TB-SC), were analyzed. In the group of
stromal choroidites, HLA-A29 birdshot retinochoroiditis (BRC) and Vogt-Koyanagi-Harada (VKH)
disease were included. For each entity a literature search, in the PubMed database, on treatment
was performed and analyzed and the therapeutic attitudes of our own centers were presented.
Management of immune-mediated choroiditis implies vigorous immunosuppressive therapy given
in a prompt and prolonged fashion in most of these entities.

Keywords: choriocapillaritis; stromal choroiditis; multimodal imaging; indocyanine green angiography
(ICGA); immunosuppressive therapy; biological therapies

1. Introduction

The management of uveitis in general and of non-infectious/immune-mediated
choroiditis in particular is far from reaching a consensus among practitioners and is the
object of diverse, if not divergent approaches [1–3]. Most of non-infectious choroiditis
entities can be classified as severe uveitis conditions for which appropriate therapy is
crucial in order to achieve disease control, disease remission or even disease cure [4].

Non-infectious/immune-mediated choroiditis is the result of at least two main patho-
physiological mechanisms, (1) immune-mediated choriocapillaris non-perfusion produced
by choriocapillaritis and (2) auto-immune infiltration of the choroidal stroma producing
stromal choroiditis [5].

The group of choriocapillaritis diseases includes primary inflammatory choriocapil-
laropathies (PICCPs) [6] possibly triggered by unknown viral agents [7]. Some of these con-
ditions may be self-resolving such as multiple evanescent white dot syndrome (MEWDS) [8],
but most of them are sight-threatening if prompt and appropriate treatment is not applied;
they include acute posterior multifocal placoid pigment epitheliopathy also called more
appropriately acute multifocal ischemic choriocapillaritis (APMPPE/AMIC) [9], idiopathic
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multifocal choroiditis (MFC) [10] and serpiginous choroiditis (SC) [11]. Additionally, some
choriocapillaritis entities result from immune-mediated mechanisms triggered by known
infectious agents such as tuberculosis related SC (TB-SC) [12,13] and acute syphilitic poste-
rior placoid chorioretinitis (ASPPC) [14]. For all these conditions the optimal therapy will
be determined through a literature search and data generated from our own group.

In the group of stromal choroidites, Vogt-Koyanagi-Harada disease (VKH) [15] and
HLA-A29 birdshot retinochoroiditis (BRC) [16] were analyzed in the same fashion.

All these conditions will be analyzed individually to come up with a recommended
therapeutic approach for each of them, applying pioneering pragmatism.

2. Pathophysiology and Classification of Non-Infectious Choroiditis: A Glimpse of
the Essential

Until imaging investigation of the choroid became available thanks to indocyanine
green angiography (ICGA), choroidal non-infectious inflammatory diseases were ill-
understood and difficult to appraise. A first attempt at classification was undertaken
in 1995 under the terminology of “white dot syndromes” (WDS) [17]. This classification,
simply based on similar fundus appearance of lesions, was not only inappropriate but at
the origin of much confusion during the 3 decades that followed by grouping diseases not
belonging together [18].

Once the choroid could be explored with substantial precision by ICGA [19], it be-
came clear that there were at least two main mechanisms and patterns of non-infectious
choroiditis, (a) stromal infiltration by inflammatory foci on one side (stromal choroiditis)
and (b) choriocapillaritis producing inflammatory choriocapillaris non-perfusion on the
other side [20] (Figures 1 and 2).

Figure 1. Cartoon illustrating disease mechanisms in non-infectious choroiditis. Choriocapillaris
non-perfusion in case of choriocapillaritis and stromal foci in case of stromal choroiditis.
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Figure 2. ICGA signs differentiating stromal choroiditis from choriocapillaritis. Top two pictures
showing regular round hypofluorescent dark dots (HDDs) (left) and cartoon explaining the mech-
anism characterized by absence of diffusion of the ICGA dye impaired by the presence of stromal
foci (right). Bottom two pictures showing geographical confluent hypofluorescent areas explained by
absence of dye in choriocapillaris due to non-perfusion.

Obviously, these diseases should not be classified together as they used to be in
the past under the denomination of WDS. Choriocapillaritis entities include PICCPs [6],
called primary because the trigger at the origin of ailment is unknown distinguishing
them from so-called secondary forms where the trigger is identified such as ASPPC [14]
or TB-SC [12,13]. The suspected triggers in PICCPs could be unidentified viruses, as a
substantial number of patients present flu-like episodes before the ocular involvement [7].
PICCPs encompass conditions with diverse disease severity reaching from self-resolving
diseases, such as MEWDS, to severe conditions leaving irreversible chorioretinal scars
if not given prompt and aggressive treatment. The diverse spectrum of PICCPs is most
probably conditioned by the size of the vessels affected by the vaso-occlusive process and
by its severity. In stromal choroiditis the disease mechanism is fundamentally different and
results from an autoimmune reaction to stromal antigens inducing progressive infiltration
of the stroma that subsequently spills over to the adjacent structures. The two main diseases,
VKH and HLA-A29-BRC, present a similar stromal choroidal involvement with the latter
having a less aggressive course [21].

Another crucial difference between VKH disease and HLA-A29-BRC is the fact that the
latter presents in parallel retinal inflammation unrelated to the choroiditis [21]. The precise
classification of non-infectious choroiditis is not only a purely semantic preoccupation but,
being aware of the diverse disease mechanisms will have an impact on the therapeutic
intervention. For instance, in VKH the origin of inflammation develops exclusively from
the stromal choroid with damage to other eye structures occurring only secondarily due
to spill-over inflammation from the choroid (Figure 3). Therefore, it has to be borne in
mind that systemic immunosuppressive therapy has a relatively easy access to this highly
vascularized area and intraocular delivery of immunosuppressants is inadequate, having
limited effect on the choroid.
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Figure 3. VKH stromal choroiditis. Cartoons show how VKH disease is progressing in the
choroidal stroma (crimson arrow) before its spill-over to neighboring structures such as the retina
(yellow arrow).

Similarly, choroidal disease in HLA-A29-BRC responds relatively well to immuno-
suppressive therapy, whereas retinal disease is more resistant because of the blood-ocular
barriers [21].

3. Diagnostic and Monitoring Methods: A Summary of the Relevant Techniques
3.1. Invasive Methods
3.1.1. Indocyanine Green Angiography (ICGA)

ICGA is the gold standard imaging modality for visualizing the choroid in a global
fashion, as it allows us to detect infrared choroidal fluorescence, bypassing the RPE bar-
rier [22]. Furthermore, the ICG molecule is strongly bound (98%) to large size blood
proteins constituting a large molecular complex with a molecular weight of 60,000 to 80,000
Daltons (d) which remains intravascularly except at the level of the choriocapillaris from
which it egresses through the large fenestrations to fill the choroidal stroma. ICGA has
helped to better understand the pathophysiology of non-infectious choroiditis showing ge-
ographical hypofluorescent dark areas often confluent in choriocapillaritis, the expression
of choriocapillaris non-perfusion of variable severity, different extension and patterns [23]
(Figures 1 and 2). On the other hand, in stromal choroiditis the angiographic translation
of stromal foci consists of regular, round, evenly distributed hypofluorescent dark dots
(HDDs) in case of primary stromal choroiditis entities where inflammation originates
primarily within the choroid such as VKH and HLA-A29 BRC, whereas in secondary
choroiditis, a chance location of a systemic disease such as sarcoidosis, the hypofluorescent
areas are of different sizes with a random distribution.

One advantage of ICGA for choriocapillaritis consists of the fact that it can show very
limited end-capillary patchy hypofluorescence/non-perfusion as it is occurring in MEWDS.
These are vessels with no or limited flow, therefore not accessible to optical coherence
tomography (OCT) angiography (OCT-A) analysis. These patchy ICGA hypofluorescent
lesions are better delineated in the late phases of angiography [8]. Detailed analysis and
description of ICGA signs in choriocapillarites have been published previously [8,23].

ICGA is equally important for stromal choroiditis. In the diagnosis of initial-onset
VKH, ICGA displayed 90–100% sensitivity for identification of disease-defining signs in
multiple studies [24–26]. In these studies, the semiology of ICGA in initial-onset VKH
disease has been precisely established. Four main ICGA signs have been defined, includ-
ing hypofluorescent dark dots [HDDs], indistinct fuzzy choroidal vessels, diffuse late
choroidal hyperfluorescence (partially hiding/erasing HDDs) and disc hyperfluorescence
(Figure 4a–d). Enhanced-depth imaging OCT (EDI-OCT), measuring choroidal thickness,
had a slightly lower sensitivity for identifying diffuse choroiditis, but its sensitivity was
also above 90% in acute disease [27]. The major drawback of currently available imaging
modalities such as EDI-OCT and OCT-A is that they do not show peripheral involvement;
however, new generations of these instruments may overcome this disadvantage. In chronic
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VKH disease, EDI-OCT is less reliable than ICGA in detecting choroiditis, because the
choroidal thickness is globally reduced. Therefore, EDI-OCT does not always detect disease
reactivation. As far as therapeutic management is concerned, ICGA plays a crucial role in
monitoring treatment efficacy and in the readjustment of therapy [28].

Figure 4. Cont.
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Figure 4. The 4 main ICGA signs in stromal choroiditis: (a) hypofluorescent dark dots (HDDs)
in a case of HLA-A29-BRC stromal choroiditis. Numerous HDDs at presentation (left 9 frames)
with choroidal vessels almost undistinguishable. After triple immunosuppressive treatment,
most HDDs have disappeared and choroidal vessels are again well visible (right 9 frames).
(b) fuzzy-indistinct choroidal vessels in a case of HLA-A29-BRC stromal choroiditis. No choroidal
vessels can be distinguished hidden by HDDs and diffuse hyperfluorescence taken at presen-
tation (left frame). After triple immunosuppressive therapy, choroidal vessels are again visi-
ble and most HDDs and diffuse hyperfluorescence have disappeared (right frame). (c) diffuse
late hyperfluorescence in a case of VKH stromal choroiditis. Diffuse hyperfluorescence erases HDDs
some of which are still distinguishable (left 9 frames) Note also the fuzzy leaking choroidal vessels
(left picture of 9 frames). After triple immunosuppressive treatment diffuse hyperfluorescence has
decreased as well as HDD (right 9 frames). Note that choroidal vessels are again well delineated
(right picture of 9 frames). (d) ICGA disc hyperfluorescence in a case of acute VKH disease: bilateral
ICGA hyperfluorescent discs at presentation (top 2 frames); note also HDDs and indistinct choroidal
vessels. After triple immunosuppressive treatment, discs are again hypofluorescent, HDDs have
resolved and choroidal vessels have recovered their normal aspect. As a rule, optic discs are always
hypofluorescent on ICGA, except in severe choroidal inflammation.

3.1.2. Fluorescein Angiography (FA)

Fluorescein angiography, obviously, has a less important role in the appraisal of non-
infectious choroiditis, as the inflammatory events take place in the choroidal compartment
to which FA has limited access because of the retinal pigmentary epithelium (RPE) which
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is a screen to fluorescein fluorescence. In choriocapillaritis there is access to choroidal
FA fluorescence only during the first 60 s of the angiogram when the intravascular quan-
tity/concentration of fluorescein is very elevated showing choriocapillaris non-perfusion or
perfusion delay. This sign allowed August Deutman to give the appropriate explanation for
APMPPE, choriocapillaris non-perfusion rather than an RPE pathology, previously thought
to be at the origin of the disease [29]. In some severe cases of PICCPs, FA shows late
hyperfluorescence due to pooling in the late angiographic frames that can be interpreted
as a reactive dilatation and exudation from inner retinal vessels secondary to a profound
ischemia of the outer retina [30]. In stromal choroiditis, FA is useful in the early acute
phase of VKH disease showing exudative retinal detachments with subretinal fluid and
hyperfluorescent pinpoints through which fluid is leaking from the choroid. However, in
HLA-A29 BRC, FA is useful throughout the disease course to follow the retinal compo-
nent of inflammation and plays a monitoring role in disease evolution and response to
therapy [21].

3.2. Non-Invasive Methods
3.2.1. Fundus Autofluorescence (FAF)

Blue-light fundus autofluorescence (BL-FAF) is a non-invasive imaging method, which
can demonstrate RPE and photoreceptor pathology even at an early stage of disease. The
autofluorescence signal derives from the normal lipofuscin accumulation in the RPE cyto-
plasm. In PICCPs, patchy and/or geographic hyperautofluorescence is the main finding
caused by the loss of the photoreceptor outer segments [31]. This reduces the photoreceptor
screen allowing to better see the BL-FAF signal originating from the lipofuscin contained in
RPE cells (Figure 5).

Figure 5. Blue-light fundus autofluorescence (BL-FAF) for the follow-up of MEWDS and Multifocal
choroiditis (MFC). BL-FAF is a follow-up modality showing increased autofluorescence from lipofus-
cin contained in RPE cells in diseased areas where the photoreceptor outer segment “screen” is lost.
Acute phase of recurrence of MFC (left frame) showing clear hyperautofluorescent areas that fade
out progressively after triple immunosuppressive therapy (right frame).

In non-infectious choroiditis this modality is principally applied to conditions causing
damage to the photoreceptor outer segments, i.e., choriocapillaritis but is inappropriate
for stromal choroiditis. The non-invasive character of this exam makes it very useful in
diagnosis but more importantly in the follow up of the inflammatory choriocapillaropathies
and constitutes a measurement parameter of therapeutical intervention. In some cases, such
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as MFC and MEWDS, BL-FAF can indeed serve as a substitute to ICGA, in the follow-up of
patients [32].

3.2.2. Spectral Domain-Optical Coherence Tomography (SD-OCT) and Enhanced Depth
Imaging OCT (EDI-OCT)

Spectral-domain optical coherence tomography (SD-OCT) is a non-invasive and easily
repeatable method showing the damage, loss and regeneration of photoreceptor outer
segments [33] (Figure 6). As choriocapillaris non-perfusion and its consecutive ischemia
directly affects the outer retina, especially the photoreceptors, OCT demonstrates the
morphological effect of choriocapillaritis on the outer retina in PICCPs by showing the
extent of secondary damage to the photoreceptor outer segments (Figure 6).

1 

 

 

Figure 6. Spectral domain optical coherence tomography (SD-OCT) in a case of ASPPC choriocap-
illaritis. SD-OCT gives morphological information on photoreceptor outer segment damage. Top
left SD-OCT (OD) figure shows extensive loss of photoreceptor outer segments with only a few
spicules left (white arrows) corresponding to hyperautofluorescence on BL-FAF (top right) and
corresponding to extended visual field loss (OD-1). The middle SD-OCT (OS) image shows a normal
line of photoreceptors in the left non-affected eye. The lower image (SD-OCT (OD-2) shows reconsti-
tution of the photoreceptor outer segments (yellow arrows) 7 weeks after initiation of treatment with
normalization of the visual field (OD-2).
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The findings can be minimal, such as interruption or swelling of the IS/OS ellipsoid
zone in some cases of MEWDS to extended zones of atrophy in serpiginous choroiditis.
OCT is also helpful in detection of inflammatory choroidal neovascularization (ICNV) or
macular oedema. In HLA-A29-BRC stromal choroiditis SD-OCT was useful to show the
posterior pole retinal involvement [34].

Enhanced depth imaging OCT (EDI-OCT) allows the quantitative measurement of
choroidal thickness in inflammatory choroidal stromal choroiditis and represents a monitor-
ing modality to follow the evolution of stromal inflammation/infiltration [35,36] (Figure 7).
A major limitation is the individual variation in choroidal thickness due to physiological
variables such as age, ethnicity, gender, axial length, refractive error, intraocular pressure,
and systolic blood pressure [37].

Figure 7. Enhanced depth imaging OCT (EDI-OCT) measures choroidal thickness (yellow calipers)
and allows us to monitor stromal choroiditis. Thickness at presentation (top image) amounts to
502.6 µm, to decrease to 433 µm at 6 months (middle image) and to 337.6 µm (bottom image).
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At presentation in initial-onset stromal choroiditis such as HLA-A29-BRC and VKH
disease the choroid is substantially thickened and gradually decreases under treatment. In
case of chronic and insufficiently treated cases the choroid can become thinner than normal.
EDI-OCT gives the same information as ICGA but is limited to the posterior pole. It is less
accurate than ICGA but can be used as a substitute when ICGA is not available [27]. In
post-acute and chronic disease there is a mixture of thinned and still thickened choroid
rendering the measurement less reliable.

3.2.3. OCT Angiography (OCT-A)

Optical coherence tomography angiography (OCT-A) is a non-invasive imaging modal-
ity that has recently been added to our array of investigations of the retina and inner
choroid [38]. It detects flow in vessels of the retina and choroid. In case of choriocapillaritis
entities it shows capillary drop out except in end-choriocapillary vessels which cannot be
imaged by this method as there is absence of significant flow. These vessels, thought to
be at the origin of MEWDS, are not detected by OCT-A, unless MEWDS is severe, and
hence drop-out cannot be demonstrated. Therefore, this apparent lack of drop-out has
been misinterpreted as choriocapillaris integrity, when it is only due to the fact that the
methodology is inappropriate and cannot be applied to this situation. In case of choriocap-
illaris drop-out of larger areas caused by involvement of larger vessels such as in APMPPE,
MFC and SC, it is a useful additional imaging tool for the evaluation of the extent of
lesions [39] (Figure 8). For most instruments presently used in routine practice, the imaging
is limited to the central area of the posterior pole with new instruments in the pipeline
progressively giving access to more peripheral areas. The patchy absence of choriocapillaris
flow signal (choriocapillaris drop-out) shown by OCT-A in PICCPs does not contribute to a
substantially better information than ICGA, except that it is non-invasive.

Figure 8. Optical coherence angiography (OCT-A) in a case of APMPPE/AMIC. Choriocapillaris
non perfusion (drop out) at presentation (left image) with progressive regression of choriocapillary
drop-out in the convalescent phase (right image).

3.2.4. Visual Field Testing and Microperimetry

Visual field testing shows functional impairment and corresponds to BL-FAF hyper-
autofluorescence and ICGA hypofluorescence and is useful for the functional follow-up.
In subtle choriocapillaris non-perfusion as seen in MEWDS of limited involvement visual
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field testing may be normal and microperimetry is more sensitive to identify decrease in
retinal sensitivity.

4. Imaging Biomarkers of Inflammation in Non-Infectious Choroiditis and Monitoring
of Therapeutical Intervention

In order to evaluate the degree of inflammatory activity and to determine its response
to therapy, objective parameters or biomarkers of the level of inflammation are in crucial
need. For choriocapillaritis entities, the most reliable, useful and objective assessment
modality is ICGA at presentation and for monitoring of the evolution after introduction
of treatment, although it is only giving qualitative information. The drawback of ICGA is
that it is an invasive procedure that cannot be repeated too often. Therefore, after being
performed in parallel with ICGA, for follow-up purposes, in most choriocapillaris cases,
evolution can also be monitored by BL-FAF, which is also a substitute when ICGA is
unavailable [32]. SD-OCT confirms morphologically the improvement or not of lesions
after therapeutical intervention. At present, OCT-A, with the routinely used instruments
nowadays, is still less accurate than ICGA to mark non-perfusion and is limited to a small
posterior pole area [39].

The role of ICGA is much more important for stromal choroiditis, as it appears as a
very sensitive and semi-quantitative biomarker of stromal inflammation and is very reactive
to show the impact or absence of impact of treatment modifications [28] Figure 9. shows
fine-tuning of therapy in a BRC patient based on semi-quantitative scoring of FA/ICGA
findings [40] and EDI-OCT choroidal thickness measurements.

Figure 9. Fine tuning of therapy in a BRC patient where treatment had to be adjusted because of
side-effects of ongoing therapy. (A) ICGA increased score showed no control of the disease which
responded better after CsA changed to Tacrolimus (Prograf®) (B) as shown in decreased ICGA score.
Reduced Prograf® dosage provoked again increase of choroiditis (C) but the combination of low dose
Prograf®, Myfortic® and 30 mg of prednisone was the combination that controlled the disease again.
with decrease of ICGA score (D and E). MYF = Myfortic®, mycophenolic acid. REM = Remicade®,
infliximab, anti-TNF-α agent. CsA = cyclosporine. Prograf® = tacrolimus. P = prednisone. Pink
shadowed area accounts for disease evolution and treatment combinations before disease was under
control. (Reprinted from J Curr Ophthalmol 2019; 31:180–187).

For VKH it is the only modality that allows a precise follow-up, fine-tuning of immuno-
suppressive treatment [41] and is able to show complete absence of subclinical choroidal
inflammation, which is needed when considering withdrawal of treatment [42]. In case of
unavailability of ICGA, EDI-OCT can be used as a substitute with less precision [27].

In HLA-A29-BRC, ICGA precisely monitors choroiditis and can be substituted by the
less accurate EDI-OCT. It has however to be completed by FA and retinal SD-OCT to follow
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retinal disease in particular retinal vasculitis [34]. Visual field testing has also a role in
monitoring HLA-29-BRC.4.

5. General Principles of Immunomodulatory Therapy for Non-Infectious Choroiditis:
A Brief Overview of the Main Agents Used

Treatment strategy for non-infectious choroiditis depends on the form of disease and
its severity. This is true for PICCPs. For example, MEWDS, can usually be followed
and observed without treatment. Recommendation for APMPPE in textbooks is also
forbearance of treatment. However, most of our APMPPE cases were pronounced and
needed at least systemic corticosteroid therapy. In case of MFC and SC, dual or even
triple immunosuppression is recommended. The diverse evolution of each single condition
demands an individualized approach guided by close imaging follow-up and re-orientation
of therapy if needed. Nowadays, we have an arsenal of imaging methods to help us
determine whether there is a stability or deterioration of a disease. For example, if ICGA
and/or BL-FAF follow-up of MEWDS shows a deterioration, therapeutical intervention
can sometimes become necessary. As far as stromal choroiditis is concerned including
VKH and HLA-A29 birdshot choroiditis (HLA-A29-BRC) aggressive dual and even triple
immunosuppression is usually needed. Hereunder we present a non-exhaustive summary
of the agents usually used in the literature and the strategy used in our institution.

5.1. Corticosteroids

Corticosteroid therapy remains the first line therapeutical option for non-infectious
choroiditis, as it is the single most rapidly acting inflammation suppressive agent. How-
ever, as for the whole of uveitis management, we and others tend to limit the duration
and amount of its use because of the morbidity of long-term corticosteroid administra-
tion. In some rare instances, local corticosteroid treatment may be used, especially when
involvement is predominant in one eye and can be sufficient to reverse the pathology
or delay systemic therapy in some cases [43]. For severe cases of PICCPs and stromal
choroiditis, oral treatment generally starts at 1 mg/kg/day with a relatively rapid tapering
over 4–6 months. In hyperacute diseases, such as VKH, treatment can be initiated with
a 3-day course of 1 g of intravenous methylprednisolone. For secondary choriocapillari-
tis such as TB-SC and ASPPC, specific antibiotic therapy should be given in addition to
corticosteroid therapy. Side effects of corticosteroids include, among others, promotion of
infectious conditions that should be eliminated, hyperglycaemia, excitement/sleeplessness,
restlessness, osteoporosis, osteonecrosis, weight gain and the rare but deleterious side effect
of psychotic evolution. Dietary precautions should be taken to limit salt and carbohydrate
intake. We usually conduct immunosuppressive therapy in concordance with the internist
or immunologist. Ocular side effects consist mainly of steroid-induced ocular hyperten-
sion and/or glaucoma, posterior subcapsular cataract development and central serous
chorioretinopathy [44,45].

5.2. Immunomodulatory/Immunosuppressive Agents

As corticosteroid therapy can provoke many deleterious and dangerous side effects,
especially when used in the long run and as the main therapy, the switch to immunomodu-
latory/immunosuppressive (IS), less toxic agents must be planned and rapidly resorted to
in case of severe inflammation and/or lack of response to corticosteroids. In many cases we
do not really switch but use first-line dual steroidal and non-steroidal immunosuppression
(one or two IS agents) in order to be able to taper corticosteroids as rapidly as possible.
The use of such “corticosteroid-sparing” agents is much more current presently in ocular
inflammatory diseases than the use of corticosteroid monotherapy that was practiced in
the past. As for corticosteroids, it is important to rule out infectious causes of uveitis before
the use of IS agents. Below is a brief overview of the usual agents used in non-infectious or
immune-mediated choroiditis (Table 1).
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Table 1. Antimetabolites main features.

Mechanism of Action Dose Side Effects

Azathioprine
Purine analogue which interferes

with DNA and RNA synthesis.
Cytostatic drug for T-cells

2.25–2.75 mg/kg/day
(not if absence of TPMT)

1. bone marrow suppression
2. hepatic toxicity
3. upper gastrointestinal

symptoms

Mycophenolate Mofetil
(MMF)/Mycophenolic Acid

(MA)

Inhibit the
inosine-5′monophosphate

dehydrogenase⇒ stop the purine
biosynthetic pathways/decrease
antibody production of B-cells.

Strong cytostatic effect on T and B
lymphocytes

MMF: 1–3 g/day
MA: 1440 mg/day

1. gastrointestinal discomfort
2. bone marrow depression
3. hepatic disfunction
4. not compatible

with pregnancy

Methotrexate
Inhibits dihydrofolate reductase⇒

reduction in DNA and RNA
synthesis of rapidly dividing cells

7.5 to 25 mg/week

1. hepatic toxicity
2. gastrointestinal upset
3. leukopenia (bone

marrow suppression)

Calcineurin Inhibitors
(CsA/Tarcolimus)

Block T lymphocytes by
suppressing the production of IL-2,

a major enhancer for T-cell
activation and recruitment

CsA: 3–5 mg/kg/day
Tarcolimus:0.05–0.15 mg/kg/day

1. renal toxicity
2. arterial hypertension
3. dyslipidaemia
4. hirsutism

DNA: Deoxyribonucleic acid, RNA: Ribonucleic acid, TPMT: thiopurine S-methyltransferase, mg: milligrams,
kg: kilogrammes, g: grams, CsA: Cyclosporine.

5.2.1. Antimetabolites

Azathioprine (Imuran®, Imurek®) is a purine analogue which interferes with DNA
and RNA synthesis and is a cytostatic drug for T-cells. Azathioprine is a “slow starter”
which means that it needs 8 weeks to 4 months to be fully active. Azathioprine is trans-
formed into inactive metabolites by the enzyme thiopurine S-methyltransferase (TPMT).
The enzyme is absent in approximately 1/300–400 patients, leading to severe toxicity. There-
fore, at the start of treatment there should be great caution to detect unusual intolerance to
the drug. Some institutions test for the absence of TPMT before administering the drug [46].
In our practice we usually start with a high dosage of 2.25–2.75 mg/kg/day but always
less than 3 mg/kg, in order to detect relatively quickly whether the drug is effective or not,
comparing to the strategy of progressive increase in the dosage. Blood counts and hepatic
laboratory tests should be performed every 2 months at the initiation of therapy and about
every 4 months thereafter as adverse effects include bone marrow suppression and hepatic
toxicity [47]. Milder side effects are upper gastrointestinal symptoms. Azathioprine can be
at the origin of birth defects but is considered moderately safe in pregnancy and lactation.
Azathioprine, together with cyclosporine, tacrolimus and TNF-α inhibitors are part of the
World Health Organization’s list of essential medications [48].

Mycophenolate mofetil (MMF, Cellcept®) has a strong cytostatic effect on T and B
lymphocytes by inhibiting the enzyme inosine-5′monophosphate dehydrogenase, and
stopping the purine biosynthetic pathways [49] and so decrease antibody production of
B-cells. It is also characterized as a “slow-starter” with full activity only several weeks
after onset of therapy. The recommended dosage is 1–3 g per day, and it is better tolerated
than azathioprine, even with maximal doses. MMF has minimal side effects such as
gastrointestinal discomfort, bone marrow depression and disturbed liver function tests [50].

Mycophenolic acid/sodium (Myfortic®) is an alternative form of mycophenolate and
is better absorbed than MMF. It has a better gastro-intestinal tolerance as it comes as enteric
coated tablets [51]. It is given at the dosage 720 mg twice a day. Both forms should be
stopped during pregnancy and lactation. As for other conventional immunosuppressants,
duration of treatment should usually be continued for at least two years in non-infectious
choroiditis/uveitis.

Methotrexate (MTX)
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Methotrexate is a folate analogue that inhibits several enzymes, including dihy-
drofolate reductase, involved in purine synthesis and hence producing a reduction in
DNA and RNA synthesis which suppresses proliferation of rapidly dividing cells such as
leucocytes [52].

Although it has been administered in uveitis since its FDA approval in 1953, it is still
an off-label use as many other immunosuppressants listed here. It has a relatively narrow
therapeutic index with the main side effects being liver toxicity, gastrointestinal upset,
leukopenia due to bone marrow suppression and hair loss. Its intraocular penetration is
not known. It is fully active after 5–7 weeks. The recommended dosage is 7.5 to 25 mg
given once weekly either orally or subcutaneously, the latter route possibly causing less
gastro-intestinal side-effects. MTX use in non-infectious choroiditis has been reported,
among others, in the treatment of MFC and SC [53,54] as well as HLA-A29 BRC [55].
Intraocular administration has also been described [56]. We rarely use MTX due to its
narrow therapeutic index and the unknown intraocular penetration.

5.2.2. Calcineurin Inhibitors (CI)

CI block T lymphocytes by suppressing the production of IL-2, a major enhancer for
T-cell activation and recruitment. Cyclosporine (CsA) and tacrolimus (FK 506) are the
two most commonly used agents of this category. Unlike antimetabolites, this class of
immunosuppressive agents achieves clinical efficacy within 1–2 weeks and allows us to
begin tapering corticosteroids relatively rapidly, bridging the time lag of 2–4 months until
antimetabolites reach their full efficacy [57]

Cyclosporine (CsA) (Sandimmun®)
In ophthalmology, CsA was first shown to be efficient in experimental autoimmune

uveitis [58] and subsequently in uveitis in humans [59].
The starting dose of CsA is 3–5 mg/kg/day. We tend to start with the higher dosage

of 4.5–4.8 mg/kg rather than to increase dosage progressively, in order to know as soon
as possible whether a therapeutical impact is obtained. Taper is usually started after
6–8 weeks, and discontinuation of therapy after 6–9 months is usually the objective after
the concomitantly administered anti-metabolite is fully active. When efficacy is suboptimal,
whole blood drug levels 6 hours post-dose rather than pre-dose trough levels should
be measured before concluding that CsA is ineffective [60,61]. Extreme caution must be
applied to monitor renal function and arterial hypertension, the major adverse effects. Other
side effects are dyslipidemia, hirsutism and gingival hyperplasia [62]. When performing a
literature search using the terms of cyclosporine and, respectively, birdshot, VKH disease,
serpiginous choroiditis, idiopathic multifocal choroiditis punctate inner choroidopathy,
more than 25 articles reported the use of CsA.

Tacrolimus (FK 506) (Prograf®)
Tacrolimus has the same mechanism of action as CsA, targeting T lymphocytes by

suppressing the stimulating growth factor interleukin-2 (IL-2) but appears to present a
better toxicity profile with at least similar if not better efficacy [63,64]. The initial dosage
for Tacrolimus is 0.05–0.15 mg/kg per day. Similar to CsA and other immunosuppressants
such as MMF, in case of lack of efficacy whole blood drug monitoring should be performed
by measuring trough levels 12 hours post-dose with optimal trough levels of 5–10 µg/L.
Side effects are similar to cyclosporine, as far as nephrotoxicity and neurological complaints
are concerned but has a better profile concerning cardiovascular side effects, dyslipidemia,
gingival hyperplasia and hirsutism. A serious side effect is the diabetogenic effect of
tacrolimus. Very few reports on treatment of non-infectious choroiditis were found in the
literature and limited to stromal choroiditis (HLA-A29-BRC and VKH disease) [65,66]. This
indicates that tacrolimus is still not currently considered for non-infectious choroiditis.

Long-term, retrospective, multicenter data on over 8500 patients with non-infectious
ocular inflammatory diseases, including uveitis, published by the Systemic Immunosup-
pression Therapy for Eye Disease (SITE) Study Group, have shown control of inflammation
at 12 months with corticosteroid-sparing success in 36% of patients treated with CsA, 47%
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with azathioprine, 55% with MMF, and 58% with MTX [67]. Thus, a significant proportion
of patients with ocular inflammatory diseases may not adequately respond to these agents
when used as a single corticosteroid-sparing IS agent, and switching between agents and/or
combined use of agents may be required. As already mentioned, duration of treatment
should usually be continued for at least two years in non-infectious choroiditis/uveitis.
Even though alkylating agents, cyclophosphamide and chlorambucil, have been used
for the treatment of severe refractory cases of non-infectious uveitis/choroiditis including
SC [68], they are not currently preferred, if not completely abandoned, due to their potential
serious adverse effects.

5.3. Biological Agents

This is a relatively new group of therapeutic agents that halt the inflammatory reaction
by inhibiting different pathways and/or cells of the inflammatory cascade, including
anti-TNFα agents (Infliximab, Adalimumab), anti-CD20 agent (Rituximab), IL-1 receptor
antagonist (Anakinra) and IL-6 receptor antagonist (Tocilizumab) [69]. Dose, mechanism
of action and side effects are detailed in Table 2. As with IS, active infections should
be excluded in order to start treatment. In particular, it is crucial to rule-out a previous
contact with Mycobacterium Tuberculosis by performing an interferon gamma release
assay (IGRA), as the use of biological agents, especially anti-TNF-α agents, may be lethal in
case of tuberculosis. There is limited and only anecdotal evidence of efficacy of biological
immunomodulatory agents in choriocapillaritis and mostly TNF-α blockers have been used.
Infliximab was shown to be efficient in severe uveitis [70] as well as in case reports and
small series of patients in MFC and SC [71,72]. Biological agents have proven their efficacy
in HLA-29 birdshot choroiditis and VKH [73,74]. The efficacy and safety of adalimumab
has been proven in randomized controlled trials of non-infectious intermediate, posterior,
and panuveitis in adults and is currently the only biologic agent approved for the treatment
for the treatment of posterior/panuveitis in adults [75]. This is not an exhaustive review
of all biological agents, not including agents that have not been used for non-infectious
choroiditis, such as Golimumab, Cerolizumab-pegol and Canakinumab. More details on
these substances can be found in [69].

Table 2. Biological Agents main features.

Mechanism of Action Dose Side Effects

Infliximab [70]

Chimeric monoclonal antibody,
bound to both transmembrane

and soluble form of TNF-a. Kills
cells that express TNF-a

IV 5–20 mg/kg/day
Loading dose at 0, 2, 4 weeks then

every 6–10 weeks

1. Reactivation of infections
2. Lupus-like syndrome
3. Malignancy

(lymphoproliferative disease)

Adalimumab [76,77] Human monoclonal antibody,
same as infliximab

SC 40 mg every 2 weeks (in severe
cases interval can decrease to

7–10 days [3])

1. Headache, nausea, stomachache
2. Secondary malignancy
3. Demyelinating disorder

Rituximab [78]
Chimeric anti-CD20 monoclonal

antibody, targets peripheral CD20
B-cells

IV 375 mg/m2 every week for 8 w
then every 4 w for 4 months

1. Infusion reactions
2. Neutropenia
3. Progressive multifocal

leukoencephalopathy

Anakinra [79] Humanized monoclonal IgG
antibody, anti-IL-1 receptor 100 mg/day

1. Infusion site infection
2. Upper respiratory infections
3. Neutropenia

Tocilizumab [80] Humanized monoclonal antibody,
anti-IL 6 receptor 8 mg/kg every 4 w

1. Serious infections
2. Neutropenia
3. Allergy/anaphylaxis

TNF: tumor necrosis factor; IL: interleukin; IV: intravenous; SC: subcutaneous; mg: milligram; kg: kilogram;
w: weeks.

Secondary choriocapillaritis entities such as TB-SC and ASPPC are rarely treated by
biologic agents as the risk of activation of a latent infectious pathology is elevated, and
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biologic therapy should only be considered after effective control of infection with specific
antibiotic therapy.

6. Treatments and Novel Therapeutic Approaches of Non-Infectious Choroiditis
6.1. Choriocapillaritis
6.1.1. MEWDS

In textbooks, no particular treatment is recommended for MEWDS as it is usually a
self-limited disease [81]. However, after the initial angiography coupled with BL-FAF, there
should be a strict follow-up performed, using BL-FAF to document safe recovery. If this
is not the case and worsening is noted, action should be taken, as it can be an atypically
evolving case [82] or more probably the first episode of MFC as both diseases have similar
presentations and sometimes the diagnosis of MFC can only be ascertained when the
disease recurs [83]. In both cases systemic corticosteroid therapy should be initiated. If
further worsening occurs a rapidly acting immunosuppressive agent such a calcineurin
inhibitor should be added, followed by an anti-TNF-α biological agent in case of insufficient
response. Fortunately, BL-FAF monitoring allows us to avoid repeat ICGA.

6.1.2. Acute Posterior Multifocal Placoid Pigment Epitheliopathy/Acute Ischemic
Multifocal Choriocapillaritis (APMPPE/AMIC)

APMPPE was first attributed to the RPE as the primary site of tissue insult by Gass
in 1968 [84]. Now we know that the origin of the disease is due to choriocapillaris non
perfusion as for other PICCPs, thanks to work published by Deutman who correctly
identified the primary site of involvement and named the disease acute multifocal ischemic
choriocapillaritis [29] (Figure 8). Compared with other PICCPs, APMPPE/AMIC seems to
be in the middle range of the spectrum of severity, but involvement can greatly vary from
one case to the other. APMPPE/AMIC was at first considered as a self-limited disease as
some cases can resolve without treatment, but it seems that more than 20% of cases have
severe non-perfusion of choriocapillaris and treatment is necessary [9].

Although prognosis is generally good close follow up is recommended. Macula
involvement should be an indicator to start a treatment as the progress of the disease can
lead to significant vision loss. Fiore et al. have found in their retrospective study and
review of the literature in 2009 that about 54% of APMPPE cases were treated while 71% of
patients still were symptomatic in last follow-up [85]. Oral corticosteroid is the treatment of
choice, starting with 0.8–1 mg/kg/day gradually tapered over several weeks, depending
on imaging findings. In severe cases a second immunosuppressor may be needed, with
tacrolimus/cyclosporine [86] or mycophenolate mofetil [9] having this role. Methotrexate
is an alternative as described in case reports [87]. Anti-TNFa treatment has also been
proposed by some specialists as a treatment for severe cases. El-Markaby et al. have
described in their study 8 cases of severe APMPPE treated with Infliximab with significant
improvement of vision at last follow-up [88]. Even though systemic treatment is mostly
preferred for APMMPE, local treatment, such as subTenon’s injection of triamcinolone,
intravitreal injection of triamcinolone and dexamethasone intravitreal implant, have also
been described [89,90].

6.1.3. Idiopathic Multifocal Choroiditis (MFC)

Idiopathic Multifocal Choroiditis (MFC) is a PICCP, predominant in healthy myopic
women. The choriocapillaris non-perfusion in MFC resembles MEWDS although MFC
has a recurrent course and is frequently complicated by ICNV (Figure 10). Punctate inner
choroidopathy should be considered as part of the same pathology as MFC. Treatment of
MFC is still under discussion and systemic treatment is not universally accepted. While
some specialists consider systemic treatment only if ICNV is detected or if lesions are close
to the fovea [91], De Groot et al. have shown in a recent study that immunomodulatory
therapy significantly decreased the number of recurrences of MFC. They also concluded
that systemic treatment decreased the number of anti-vascular endothelial growth factor
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(anti-VEGF) injections needed in the cases with ICNV [92], as it has been reported for other
uveitic ICNV [93]. The number of immunosuppressors needed is also a debate amongst
specialists. Goldberg et al. have demonstrated a single agent success of therapy for 81%
of patients at 6 months, 76% at 1 year, and 95% at 2 years. However, they mentioned
that 77% of patients required an increased dose of MMF and 21% of patients required
a second immunosuppressive agent within 2 years to maintain quiescence [94]. In our
experience, triple immunosuppressive treatment has halted the progression of disease,
without recurrences in a three-year follow-up period [10]. Corticosteroid treatment is still
the first choice, starting with 1 mg/kg/day, adding a rapidly acting immunosuppressant
of the calcineurin inhibitor family (tacrolimus or CsA) in order to taper corticosteroids as
soon as possible, also used to bridge the time span of 8–12 weeks until anti-metabolite
immunosuppressants such as MMF and azathioprine are fully active. Biological agents can
be used in cases insufficiently well controlled by classical immunosuppression or because
of treatment intolerance. In case of associated inflammatory choroidal neovascularization
(ICNV) more frequent in MFC than other choriocapillaritis entities, intravitreal anti-VEGF
injections have to be added. A study by Feng L et al. has shown that fewer number
of injections are needed comparing to patients with neovascular age related macular
degeneration [95].

Figure 10. Monitoring of therapeutical intervention in idiopathic multifocal choroiditis. Episode of
MFC recurrence analysed by multimodal imaging. Fluorescein angiography (2 far left frames) is
marginally efficient to monitor therapy. ICGA (middle left frames) exactly identifies hypofluorescent
lesions that regress after triple immunosuppressive therapy (bottom image). BL-FAF (middle right
frames) is another modality to monitor treatment showing fading of hyperautofluorescence (bottom
image) The far right column shows improvement of visual field after treatment (bottom image).

6.1.4. Serpiginous Choroiditis (SC)

Serpiginous choroiditis is the most severe of the PICCPs. As it is involving larger
choriocapillaris vessels it can progress relentlessly in a creeping fashion if not treated rapidly
and vigorously (Figure 11). Before initializing treatment, an IGRA test should be performed
to rule out tuberculosis related SC. If immunosuppressive treatment is not administered as
soon as possible, the condition will progress, causing irreversible chorioretinal atrophy and
severe functional impairment. Aggressive triple immunosuppressive treatment (prednisone
1 mg/kg/day, cyclosporine 5 mg/kg/day and azathioprine 1.5–2 mg/kg/day) was already
proposed by Hooper PL and Kaplan HJ in 1991 [96] who mentioned rapid resolution of
disease in all patients included in their study, which was confirmed by later studies [97,98].



Pharmaceuticals 2022, 15, 398 18 of 36

Intravenous pulse methylprednisolone has been used in episodes of macula-threatening
SC occurring during maintenance therapy with azathioprine and CsA [99]. Venkatesh
et al. have prospectively randomized 30 patients with macular or macula-threatening SC to
treatment with 3-day pulse corticosteroid or pulse cyclophosphamide or a combination of
both and observed a complete healing of the lesions at a median duration of two weeks
in each group. However, relapses were seen after tapering oral corticosteroids, also in
patients who had received 3-day cyclophosphamide pulses initially [100]. The severity of
the disease is well recognized and explains that in some centers even more toxic agents
such as chlorambucil have been used [101].

Figure 11. Serpiginous choroiditis—Parallel images of intermediate phase ICGA (left column), late
phase ICGA (middle column) and 6 × 6 mm OCT-Angiography (right column) to monitor disease
evolution and therapeutic intervention. ICGA of the right eye reveals macular hypofluorescent lesions
better seen in the intermediate phase ICGA (left column) corresponding to choroidal hypoperfused
areas. Lesions seen at presentation (A) increase in size and number in the right eye after 5 months (B)
and 8 months (C) despite a posterior sub-Tenon’s triamcinolone injection performed at 5 months. The
late phase ICGA frames (middle column) confirm the worsening of perfusion as hypofluorescence
appears at 5 months (B) and persists at 8 months (C) despite the subTenon’s injection at 5 months.
Three months after adding systemic cyclosporine to the treatment (D) there is a substantial decrease
in hypofluorescence in the intermediate phase (bottom left picture) and disappearance of dark areas
in the late ICGA frame (bottom middle). OCT-A pictures evolve in parallel with ICGA frames with
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faint dark areas visible at presentation (A, right), more clearly visible at 5 months (B, right) and
8 months 2016 (C, right) and disappearing 3 months after additional cyclosporine treatment. Both
ICGA and OCT-A monitor the evolution with a better precision on ICGA [39].

With the introduction of anti-TNF-α agents in our arsenal, studies have shown the
effectiveness of infliximab and adalimumab in halting the progression of the SC [70,72,102].
Noda et al., however, reported limited efficacy of adalimumab in a patient with SC serpigi-
nous choroiditis [103].

6.1.5. Tuberculosis Related Serpiginous Choroiditis (TB-SC)

Serpiginous-like choroiditis is a rare immune-mediated bilateral asymmetrically evolv-
ing sub-entity of tubercular uveitis affecting primarily the choriocapillaris and secondarily
the retinal pigment epithelium (RPE), the outer retina and finally the whole chorio-retina
(Figure 12).

Figure 12. Tuberculosis related serpiginous choroiditis (TB-SC). Follow-up after treatment of the
left eye (OS-1/OS-2; ICGA-1/ICGA-2; FA-1/FA-2) with fundus photography (top images) where
changes apart from increased pigmentation are difficult to be identified. Similarly, FA (bottom
images) is not very useful to monitor evolution after therapy. The most adequate modality to image
improvement is ICGA (middle images).
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Gupta et al. first described this entity in seven patients in 2003 and reported a good
response to antituberculosis therapy (ATT) [104]. The same group reported later that there
was continuous progression of TB-SC after initiating ATT and they suggested increased
immunosuppression [13].

Paradoxical worsening of TB-SC after introduction of ATT was reported, requiring
increased immunosuppression [105]. Treatment is still controversial, and the discussion
is whether initial treatment should consist of ATT alone or associated with immunosup-
pression. The Collaborative Ocular Tuberculosis Study Consensus Group has put forward
complicated guidelines [106]. In our hands, as long as the IGRA test is positive, dual
concomitant ATT (four drug scheme including isoniazid, rifampicin, ethambutol and pyraz-
inamide at onset of therapy and for 3 months) and multiple immunosuppressive therapy
are needed to halt the progression of the disease [107]. The 3 months of 4-drug anti-TB
treatment is followed by 2-drug therapy (isoniazid, rifampicin) for 7–9 months. Immuno-
suppressive therapy consists of oral corticosteroid 1 mg/kg/day, tacrolimus or CsA and
azathioprine or MMF. and Biologic agents should be avoided or used with extreme caution
as a reactivation of a latent tuberculosis may be lethal [108]. A particular case of very
aggressive TB-SC uveitis was described by Tsui et al. Although aggressive immunosuppres-
sive therapy and aggressive anti-tubercular therapy were introduced, the disease remained
active. The patient was finally given 2 intravitreal methotrexate injections (400 µg/0.1 cc),
at a one-month interval, that had stopped the evolution of the disease [56]. Adalimumab
has been used safely after the completion of ATT in a patient with progressive TB-SC [109].

6.1.6. Acute Syphilitic Posterior Placoid Chorioretinitis (ASPPC)

Acute syphilitic posterior placoid chorioretinitis (ASPPC) is a particular expression
of syphilitic ocular involvement. The mechanism is a secondary choriocapillaritis with
a presentation similar to APMPPE [14] (Figure 6). The fact that the process responds to
corticosteroids despite the infectious nature of the trigger clearly points towards an immune-
mediated mechanism [110]. Of course, the mainstay of therapy is specific antimicrobial
treatment. ASPPC should be considered as neurosyphilis. Based on the CDC guidelines,
current treatment with aqueous crystalline (benzyl) penicillin G 18–24 million units (MU)
daily, administered as 3–4 million units intravenously every 4 hours or continuously infused
for 10–14 days. Alternatively, 2.4 MU of IM procaine penicillin G once daily and probenecid
500 mg four times a day can be administered, both from 10 to 14 days [111]. It is very
crucial to give an additional systemic corticosteroid therapy (0.5–0.8 mg/kg) at the start of
therapy to avoid an ocular Jarisch-Herxheimer reaction [112].

6.2. Stromal Choroiditis

We include in this section only conditions for which the inflammatory process primar-
ily starts in the choroidal stroma and not conditions that result from a systemic disease such
as sarcoid chorioretinitis for which choroidal disease is just a chance random localization.
We will not discuss either sympathetic ophthalmia, a disease with an identical pathophys-
iology to VKH disease for which the autoimmune reaction is triggered by a penetrating
ocular injury.

6.2.1. Vogt-Koyanagi-Harada Disease (VKH)

The specificity of VKH disease is the fact that the onset of the inflammatory autoim-
mune reaction starts exclusively in the choroidal stroma before the spill-over of inflamma-
tion involves adjacent ocular structures including the retina, vitreous, and optic disc, later
further extending to the anterior segment [113] (Figure 13). Unlike other causes of choriore-
tinitis such as sarcoidosis which is a systemic disease that involves the choroid in a random
chance fashion, in VKH the structure at the origin of inflammation, the choroidal stroma,
is clearly identified and is influencing treatment strategies. Indeed, taking into account
that inflammation develops in such a confined space, the effort will be oriented towards
preventing the spread of inflammation to adjacent structures in order to avoid more global
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damage [114]. To achieve this goal, it became clear that early treatment was crucial to
manage initial-onset acute disease [115]. The second important point to determine in order
to achieve remission and even cure of disease, was the type of management required [116].
The time span within which remission or cure could be expected was estimated to be
less than 3–4 weeks after onset of symptoms [117–119]. On the other hand, the type of
therapeutical approach remained controversial up to recently [120,121]. One part of clini-
cians recommended corticosteroid monotherapy as the treatment of choice of initial-onset
VKH [122]. More recently there are however more and more arguments in favour of first-
line combined steroidal and non-steroidal immunosuppressive therapy [123–125]. A recent
study based on a literature review unequivocally indicated that the dual first-line steroidal
plus non-steroidal immunosuppressive therapy of initial-onset VKH disease was prefer-
able to corticosteroid monotherapy [126]. In the latter study the outcomes of 892 patients
(16 studies) having received corticosteroid monotherapy were compared to 172 patients
(4 studies) having received first-line dual steroidal and non-steroidal immunosuppressive
therapy. The proportion of patients who presented chronic evolution or development of
sunset glow fundus was significantly lower in the latter dual treatment group than in
the corticosteroid monotherapy group, being, respectively, 2.3% versus 44% for chronic
evolution (p < 0.0001) and 17.5% versus 59% for sunset glow fundus (p < 0.0001). On
the base of these results the dual steroidal and non-steroidal immunosuppression treat-
ment approach appears clearly as the treatment of choice of initial-onset VKH. There is
unanimous agreement on the use of initial systemic corticosteroid therapy. Although
no long-term difference could be demonstrated when comparing high-dose (1000 mg)
intravenous methylprednisolone for 3 days followed by high-dose oral prednisone versus
high-dose oral prednisone (1.0–1.2 mg/kg) since onset of treatment [127], the first strategy
is probably to be preferred, as rapid regression of inflammation should be sought in order
to minimize tissue damage.

Figure 13. Monitoring of therapy using ICGA in a case of VKH. The situation of this patient is lesion
free in both eyes under tapering prednisone, MMF and CsA (A). When prednisone was stopped
completely extensive subclinical recurrence of HDDs (B), that responded to the administration of
infliximab (5 mg/kg) (C). Subsequently the disease remained lesion-free during 6 years under the
treatment of infliximab alone.
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While the corticosteroid component of the dual treatment approach is generally ac-
cepted and well standardized, the choice of the additional nonsteroidal immunosuppressant
is manifold. It appears that the decision to add a non-steroidal immunosuppressant at
diagnosis is more important than the actual choice of the immunosuppressive agent. Table 3
is giving a list of the immunosuppressive agents used with success as first line complement
to corticosteroid therapy in initial-onset disease in a literature search. It has to be noted
that such studies are still rare.

Table 3. Studies reporting on results of dual first-line steroidal and non-steroidal treatment in patients
presenting with initial-onset Vogt-Koyanagi-Harada disease.

Author Year N of Patients Treatment Number of Patients
with Chronicity (%)

Number of Patients
with SGF (%)

Bouchenaki [28] 2011 5 CS + IST 0 (0) 0 (0)

Abu El Asrar [123] 2017 38 CS + MMF 0 (0) 0 (0)

Lodhi [125] 2017 24 CS + AZA 4 (17) 6 (25)

Yang [118] 2018 105 CS + IST 0 (0) 24 (23)

Total 172 CS + IST 4/172 = 2.3% 30/172 = 17.5%

SGF: sunset glow fundus; CS: corticosteroid; IST: diverse conventional and validated immunosuppressive
treatments; MMF: Mycophenolate Mofetil; AZA: azathioprine.

Dual treatment has to be prolonged if successful discontinuation without disease
recurrence, hence cure of the disease, is to be expected. In our hands, mean treatment
duration of initial-onset VKH was 30.1 ± 34.6 months with no recurrence after treatment
discontinuation [28] and in the study by Abu El-Asrar et al., immunosuppressive treat-
ment was given for 20.1 ± 7.7 months [123]. This is much longer than what was usually
recommended in the past. Our treatment protocol is, ideally, administration of high-dose
corticosteroids, tapered to 0 after 6–8 months, combined with CsA (4.5 mg/kg per day)
tapered to 0 after 9–12 months and Mycophenolic acid (1440 mg /day) maintained for at
least 18–24 months. Evolution is checked for occult subclinical persistence or recurrence of
lesions, using ICGA monitoring, followed by re-increase in dosages, if necessary. In case
of insufficient response and/or unsatisfactory resolution of lesions, an anti-TNF-α agent
is added.

When the two prerequisites for successful management of initial-onset VKH disease,
(1) early and (2) dual first-line immunosuppressive treatment associating steroidal and
non-steroidal immunosuppressive therapy, are not fulfilled, there is a high probability for
chronic evolution. It has been shown that high-dose corticosteroid therapy even when
given very early in initial-onset disease is not preventing evolution towards chronicity and
complications in a large proportion of cases [128]. On the other hand, when non-steroidal
immunosuppression is not given concomitantly with corticosteroids, as first-line therapy
but later, similarly, evolution towards chronicity and complications cannot be avoided [129],
although some improvement has been noted [130].

The differentiation between two sub-entities of VKH, initial-onset versus chronic VKH
has only recently been fully understood [116,119,131], as, indeed, response to treatment
differs among these two sub-entities. As indicated earlier, the instauration of first line dual
steroidal and non-steroidal immunosuppression is a recent practice with a high proportion
of patients evolving towards chronicity when the additional immunosuppressant is added
only later in the disease course.

Therefore, most articles on VKH therapy, concern chronically evolving patients. Treat-
ment of chronic VKH is less successful, must be prolonged and usually needs a combination
of several immunosuppressive agents usually determined empirically by trial and error.

Fortunately, for chronic VKH also, precise imaging investigations of the choroid such
as ICGA, OCT and EDI-OCT [5,132,133] can be applied and are a precious help to rapidly
determine whether introduced treatments are efficacious or not. Laser flare photometry
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(LFP) can measure the global level of intraocular inflammation and FA determines spill-over
inflammation to the retina and represent additional monitoring devices. Using such inves-
tigational methods, it is nowadays possible to determine whether a given case responds
or fails to respond to a chosen therapy allowing also to fine-tune treatment dosage [41].
Several studies were performed with additional non-steroidal Immunosuppressants added
as second line therapy given more than 4 weeks after onset of symptoms and show some
improvement over corticosteroid monotherapy but scarce cases of remission after discon-
tinuation of therapy can be expected [134,135].

Numerous treatment options for chronic VKH have been published in series and case
reports. Treatment in chronic VKH mostly needs to be continued for long periods to keep
inflammation under control and treatment free follow-up is rare.

A non-exhaustive literature review of case reports and case series of patients having
benefited from additional immunomodulatory therapy in chronically evolving VKH dis-
ease was performed taking into account the last 15 years, a period during which most
immunosuppressive agents used today became available. The search contained the terms
VKH and immunosuppressive/immunomodulatory and biological treatments. We did not
include in this search review articles or data from general articles on therapy of uveitis, but
only reports directly dealing with treatment modalities for VKH disease and limited our
search to the PubMed database.

Conventional immunosuppressants
The literature search on additional conventional immunosuppressive treatments in

chronic VKH disease yielded 15 articles from 2006 till today [129,130,134–146] (Figure 14).
The immunosuppressive agents reported include azathioprine (number of studies = 9),
CsA (n = 9), MMF (n = 4), MTX (n = 7), cyclophosphamide (n = 2) and chlorambucil (n = 1).
The number of immunosuppressive agents is higher than the number of studies as more
than one agent was used in several studies. The beneficial effects listed were diverse and
included mainly “control of inflammation” and “corticosteroid sparing effect”, but no case
of remission after treatment discontinuation was reported.

Figure 14. Studies on immunosuppressive agents used for chronic VKH disease.

Biologicals used to treat chronic VKH as a second line adjunct
The literature search of studies on biological agents used for the treatment of chronic

VKH yielded 18 articles from 2007 till today [147–164] (Figure 15), starting with the first
article on the use of adalimumab for VKH [154]. The biological agents reported include
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adalimumab (number of studies = 7), infliximab (n = 6) and rituximab (n = 5). The beneficial
effects listed were “control of inflammation” and remission. Among all the patients treated
with biological agents, in a single patient only treated with infliximab no recurrence was
reported after 24 months of follow-up without treatment [148]. The conclusions drawn
from the articles on treatment with biologicals was the rapid and more effective response
of VKH patients to such treatments when compared to conventional immunosuppressive
therapies, which seems to make appear these agents as the treatment of choice to add to
corticosteroid therapy as first-line treatment as well as second line adjunct treatment in
chronic VKH patients.

Figure 15. Studies on biological agents used for chronic VKH disease.

In summary, the body of evidence available today is largely sufficient to indicate that
first-line dual steroidal and non-steroidal immunosuppressive therapy within 3–4 weeks of
initial-onset VKH disease is to be commended. It is the only strategy that allows us to reach
not only remission but potential healing of disease altogether in a substantial proportion of
cases [126]. Treatment has to be prolonged and subclinical monitoring by ICGA or EDI-OCT
has to be used in order to detect subclinical inflammation in the choroid with consequent
adaptation and fine-tuning of therapy [41]. Such close monitoring will also allow us to
rapidly detect whether treatment options are effective or not in any given patient. If such a
therapeutical protocol is not applied a large proportion of patients evolve to chronic disease
for which healing is obtained only in rare cases. The therapy needed is that of multiple
immunosuppressants for prolonged periods with numerous relapses and complications.
For chronic VKH disease, numerous conventional immunosuppressive and/or biological
therapies have been used in addition of corticosteroids showing benefits on inflammation
(Figures 14 and 15). Biologicals seem to yield better effects when compared to conventional
immunosuppressants.

6.2.2. HLA-A29 Birdshot Retinochoroiditis (BRC)

HLA-A29 birdshot retinochoroiditis (BRC) is a presumed autoimmune disease possibly
targeting stromal melanocytes and is classified as a stromal choroiditis [165]. Unlike for
VKH, the molecular target of the immune reaction is not known, and the inflammatory



Pharmaceuticals 2022, 15, 398 25 of 36

reaction does not involve the whole choroidal thickness but is limited to non-confluent
smaller multiple inflammatory foci that remain confined to the mid-stroma [166] with
limited or without spill-over to adjacent structures (Figure 16). The fundamental difference
between BRC and VKH is the concomitant parallel retinal involvement unrelated to the
choroidal inflammation occurring in BRC (Figure 16) [167] Morbidity in BRC is mainly
caused by the retinal and vitreous inflammation [34] and not by the choroiditis which is
however causing choroidal thinning in the long run [36]. In active disease, the choroiditis
is characterized by the ICGA HDDs that give precious indications on the level of disease
activity. ICGA is a useful biomarker, crucial to determine disease activity but also to monitor
response to treatment, allowing to assess rapidly whether an agent is efficient or not in a
given patient [168,169]. The knowledge of the pathophysiology of BRC, dual choroidal and
retinal inflammation, determines the therapeutical approach of the disease. Indeed, the
impact of immunosuppression on vitreous and retinal inflammation is attenuated because
agents have to cross the blood-ocular barriers and dosages have to be adapted accordingly.

Figure 16. Monitoring HLA-A29 BRC using fundus photography, FA and ICGA: case of HLA-A29-
BRC treated early with multiple immunosuppressants. After more than 8 years of treatment typical
“birdshot lesions” never developed (top left image), although there is some pallor peripapillary and
infero-nasally to the disc (white arrows) explained by the retinal involvement. Monitoring of retinal
disease is necessary and performed by FA. At presentation (FA-1) substantial retinal vasculitis is
present which has resolved at last follow-up (FA-2) leaving peripapillary atrophy (hyperfluorescent
area (white arrows). Monitoring of choroidal disease is achieved through ICGA that shows many
HDDs and unrecognizable choroidal vessels at presentation (ICGA-1) having completely responded
to therapy after more than 8 years of follow-up (ICGA-2).
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Several treatment principles for BRC have emerged in recent years. (1) In the past
BRC was considered as an indolent slowly progressing disease that tended to stabilize and
maintain a relatively good visual acuity not needing systemic therapy [170–173]. Contrary
to what was thought to be the case then, when the disease was first diagnosed, some
forty years ago, early and vigorous immunosuppressive therapy rather than observation
without treatment, is the management of choice for BRC. Indeed, up to 85% of cases
have a deleterious evolution with retinal and choroidal atrophy if no immunosuppressive
therapy is administered [174]. (2) Treatment should not only be vigorous but should also be
initiated early after diagnosis. The use of ICGA has made it possible to diagnose BRC before
the hallmark oval rice-shaped depigmented fundus “birdshot lesions” become apparent,
(Figure 1) by showing subclinical HDDs [175]. Such an early diagnosis allowed us to start
treatment at an initial stage of disease which prevented the development altogether of the
characteristic rice-shaped depigmented BRC fundus lesions [176]. (3) Prolonged treatment
is usually necessary, as discontinuation of treatment is often followed by recurrences [177].
Therefore, well-tolerated immunosuppressive therapy should be sought and corticosteroid
therapy should be tapered as early as possible, used only to curb inflammation until
corticosteroid sparing immunosuppressive agents are fully active. (4) Unlike in VKH, where
local treatments are inappropriate, as the inflammatory process is exclusively developing
from the choroid, local peri-ocular or intra-ocular corticosteroid injections for BRC can
sometimes be used as an adjuvant therapy particularly in two situations: (a) in case of
initial-onset unilateral disease, periocular sub-Tenon’s triamcinolone injections (40 mg) can
delay the use of systemic immunosuppressive treatment for some time [174]. (b) Another
situation that can justify the use of intraocular corticosteroid releasing devices, is when
aggressive systemic immunosuppression fails to sufficiently control retinal disease.

Our treatment protocol is ideally including administration of oral prednisone
(0.8–1 mg/kg) at the start of treatment, tapered to 0 after 6–8 months, associated with
a quickly acting immunosuppressant (CsA (4.5 mg/kg per day) or tacrolimus
(0.05–0.15 mg/kg)) tapered to 0 after 9–12 months and further associated with Mycophe-
nolic acid (1440 mg /day) maintained for several years. The length of treatment is not
established with one study reporting the treatment duration of 30 months to induce a
substantial percentage of remissions without treatment [178]. In our hands, we were unable
to discontinue treatment without recurrences in almost all our patients followed for more
than 10 years [36]. Evolution is checked for occult subclinical persistence or recurrence of
lesions, using ICGA monitoring, followed by re-increase in dosages, if necessary. In case of
insufficient response and/or unsatisfactory resolution of lesions, a biological immunomod-
ulator, usually an anti-TNF-α agent, is added. As indicated earlier the presented protocol
can be delayed in case of mild initial predominantly unilateral involvement in which case
sub-Tenon’s injections of triamcinolone before systemic therapy are applied [174].

Conventional immunosuppressants used for HLA-A-29-BRC (Figure 17)
The different agents used successfully in BRC have been listed following a non-

exhaustive literature search limited to the PubMed database (Figure 17). The search
contained the terms birdshot retinochoroiditis/chorioretinitis and immunosuppressive/
immunomodulatory treatments or biological treatments. We carried out not include in this
search review articles or data from general articles on therapy of uveitis, but only reports
directly dealing with treatment modalities for HLA-A29 BRC.

Fourteen articles on the use of conventional immunosuppressive therapies, mostly
in addition to systemic corticosteroids, were identified [36,55,65,176,179–188] (Figure 17).
Six articles used mycophenolate mofetil, five used cyclosporine, 3, respectively, used
azathioprine, methotrexate and intravenous immunoglobulins, two used tacrolimus and in
two studies corticosteroids alone were reported as efficient (not reported here).



Pharmaceuticals 2022, 15, 398 27 of 36

Figure 17. Studies on Immunosuppressive agents used for HLA-A29-BRC.

Biologicals used for HLA-A29-BRC
Proportionally, studies on the use of biologicals for BRC (n = 7) were less frequent

than for VKH disease (n = 18). In 2008, Sobrin et al. used daclizumab, a humanised
monoclonal antibody that blocks interleukin-2 receptor, inhibiting effector T cell expansion,
in 8 patients [189]. In 7/8 patients either stabilisation or improvement of visual acuity
was obtained. Six patients had resolution of vasculitis on FA and four patients were able
to discontinue all other immunosuppressive treatments. Two studies showed a positive
effect of adalimumab in 22 patients [190,191]. Beneficial effects included improvement of
visual acuity, discontinuation of conventional immunosuppressants and decrease in cystoid
macular oedema (CMO). However, one study showed that adalimumab monotherapy did
not prevent the recurrence of HDDs on ICGA in two patients [192]. Two studies reported
on four patients resistant to multiple immunosuppressants and biologicals, who responded
to tocilizumab by improving visual acuity, by having a corticosteroid sparing effect and
producing a decrease in CMO [74,193]. Infliximab was used in 22 patients, refractory to
conventional immunosuppressive agents and other biologicals, being effective to control
inflammation in otherwise treatment-refractory cases of HLA-A29-BRC [194]. Control of
inflammation was achieved in 88.9% of patients, improved visual acuity was found in
94.4% of eyes and the proportion of patients with CMO was reduced by two thirds.

Local, periocular and intraocular therapies for HLA-A29-BRC
Thirteen articles on the use of local periocular or intraocular corticosteroid treatments

for BRC were identified in the literature search whereas this treatment modality is rarely
used for VKH disease, as the inflammation focus is in the choroid and, therefore, more easily
accessible by systemic therapy through its very strongly vascularized net. In 5 reports
fluocinolone acetonide intravitreal implants were used [195–199], in 4 dexamethasone
intravitreal implants [200–203], and in another 4 intravitreal or sub-Tenon’s triamcinolone
acetonide injections [174,204–206].

As far as the use of the fluocinolone acetonide implant is concerned, no reasons were
given for its use in two reports and refractoriness to systemic immunosuppression in
another two, especially non-response of retinal inflammation. Indeed, the treatment was
beneficial on retinal inflammatory signs such as vasculitis and CMO. In all studies other
systemic immunosuppressive treatments could be significantly decreased or stopped. The
drawback was the relatively high proportion of ocular side-effects including glaucoma and
development of cataract. A few patients have been treated with the dexamethasone implant
with transient good effects on retinal inflammatory parameters and delay of introduction of
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systemic immunosuppression. Intraocular or periocular triamcinolone was mainly useful
to avoid the use of systemic immunosuppression in patients with a benign evolution or to
delay the initiation of systemic immunosuppressive therapy.

Interestingly, two reports showed that intraocular administration of corticosteroids
had no effect on choroidal disease, as can be expected from the pharmacokinetics of this
type of therapeutical approach [192,199].

Stromal choroiditis in BRC is moderate and easy to treat, whereas the therapeutic
problem comes from the independent but concomitantly occurring retinal involvement
which is causing most of the disease morbidity. As for VKH disease, non-steroidal im-
munosuppression is unavoidable in BRC as shown by the 14 studies using conventional
immunosuppressants or the seven studies using biological agents found in the literature
search. Unlike for VKH disease, there are fewer studies on the use of biological agents.

However, reports on the use of intraocular or periocular use of corticosteroids are
numerous, indicating that management of the retinal involvement is the difficult component
to treat which can profit from such local treatments, that are absolutely inappropriate for
VKH disease.

7. Conclusions

Non-infectious choroiditis could be approached in a precise way only once the means
of investigation of this structure were available. Prior to this, limited imaging access has
led to speculations about mechanisms involved, that generated erroneous interpretations
and classifications such as the inappropriate terminology of “white dot syndromes”.

Since ICGA became available, it has become possible to apply pioneering pragmatism
allowing to understand the pathophysiology of non-infectious choroiditis and, hence, made
it possible to classify these conditions and above all to monitor their evolution, check the
efficacy and response to treatments. Other imaging techniques have now been added to
ICGA which, nevertheless, remains the most useful technique for non-infectious choroiditis.
Thanks to this improved imaging access to the choroid showing occult subclinical inflam-
matory involvement, it became obvious that most of these conditions needed heavy dual
and even triple immunosuppression and the use of biologic agents in refractory cases.
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12. Oray, M.; Zakiev, Z.; Çağatay, T.; Tuğal-Tutkun, I. Treatment Results in Serpiginous Choroiditis and Multifocal Serpiginoid
Choroiditis Associated with Latent Tuberculosis. Turk. J. Ophthalmol. 2017, 47, 89–93. [CrossRef] [PubMed]

13. Gupta, V.; Bansal, R.; Gupta, A. Continuous Progression of Tubercular Serpiginous-like Choroiditis After Initiating Antituberculo-
sis Treatment. Am. J. Ophthalmol. 2011, 152, 857–863.e2. [CrossRef]

14. Herbort, C.P., Jr.; Papasavvas, I.; Mantovani, A. Choriocapillaris involvement in acute syphilis posterior placoid chorioretinitis is
responsible for functional impairment and points towards an immunologic mechanism: A comprehensive clinicopathological
approach. J. Curr. Ophthalmol. 2020, 32, 381–389. [CrossRef] [PubMed]

15. Lavezzo, M.M.; Sakata, V.M.; Morita, C.; Rodriguez, E.E.C.; Abdallah, S.F.; Da Silva, F.T.G.; Hirata, C.E.; Yamamoto, J.H. Vogt-
Koyanagi-Harada disease: Review of a rare autoimmune disease targeting antigens of melanocytes. Orphanet J. Rare Dis. 2016,
11, 29. [CrossRef]

16. Papadia, M.; Pavésio, C.; Fardeau, C.; Neri, P.; Kestelyn, P.; Papasavvas, I.; Herbort, C. HLA-A29 Birdshot Retinochoroiditis in Its
5th Decade: Selected Glimpses into the Intellectual Meanderings and Progresses in the Knowledge of a Long-Time Misunderstood
Disease. Diagnostics 2021, 11, 1291. [CrossRef]

17. Ezra, D.B.; Forrester, J.V. Fundal white dots: The spectrum of a similar pathological process. Br. J. Ophthalmol. 1995, 79, 856–860.
[PubMed]

18. Neri, P.; Herbort, C.P., Jr.; Hedayatfar, A.; Tugal-Tutkun, I.; Cimino, L.; Urzua, C.A.; Papasavvas, I.; Takeuchi, M.; Lages, V. “White
dot syndromes”, an inappropriate and outdated misnomer. Int. Ophthalmol. 2021, 42, 1–6. [CrossRef]

19. Herbort, C.P., Jr.; LeHoang, P.; Guex-Crosier, Y. Schematic interpretation of indocyanine green angiography in posterior uveitis
using a standard angiographic protocol. Ophthalmology 1998, 105, 432–440. [CrossRef]

20. Herbort, C.P., Jr.; Papadia, M.; Mantovani, A. Classification of Choroiditis Based on Inflammatory Lesion Process rather than
Fundus Appearance: Enhanced Comprehension through the ICGA Concepts of the Iceberg and Jellyfish Effects. Klin. Monbl.
Augenheilkd. 2012, 229, 306–313. [CrossRef]

21. Elahi, S.; Herbort, C.P., Jr. Vogt-Koyanagi-Harada Disease and Birdshot Retinochoroidopathy, Similarities and Differences: A
Glimpse into the Clinicopathology of Stromal Choroiditis, a Perspective and a Review. Klin. Monbl. Augenheilkd. 2019, 236,
492–510. [CrossRef] [PubMed]

22. Herbort, C.P., Jr.; Mantovani, A.; Papadia, M. Use of Indocyanine Green Angiography in Uveitis. Int. Ophthalmol. Clin. 2012, 52,
13–31. [CrossRef]

23. Herbort, C.P., Jr.; Neri, P.; Papasavvas, I. Clinicopathology of non-infectious choroiditis: Evolution of its appraisal during the last
2–3 decades from “white dot syndromes” to precise classification. J. Ophthalmic Inflamm. Infect. 2021, 11, 43. [CrossRef] [PubMed]

24. Kim, P.; Sun, H.J.; Ham, D.I. Ultra-wide-field angiography findings in acute Vogt-Koyanagi-Harad disease. Br. J. Ophthalmol.
2019, 103, 942–948. [PubMed]

25. Abouammoh, M.A.; Gupta, V.; Hemachandran, S.; Herbort, C.P.; Abu El-Asrar, A.M. Indocyanine green angiographic findings in
initial-onset acute Vogt-Koyanagi-Harada disese. Acta Ophthalmol. 2016, 94, 573–578.

26. Miyanaga, M.; Kawaguchi, T.; Miyata, K.; Horie, S.; Mochizuki, M.; Herbort, C.P., Jr. Indocyanine green angiography findings in
initial acute pretreatment Vogt-Koyanagi-Harada disease in Japanese patients. Jpn. J. Ophthalmol. 2010, 54, 377–382. [CrossRef]
[PubMed]

27. Balci, O.; Gasc, A.; Jeannin, B.; Herbort, C.P., Jr. Enhanced depth imaging is less suited than indocyanine green angiography for
close monitoring of primary stromal choroiditis: A pilot report. Int. Ophthalmol. 2017, 37, 737–748. [CrossRef]

28. Bouchenaki, N.; Herbort, C.P., Jr. Indocyanine Green Angiography Guided Management of Vogt-Koyanagi-Harada Disease. J.
Ophthalmic Vis. Res. 2011, 6, 241–248.

http://doi.org/10.1080/09273948.2020.1793369
http://www.ncbi.nlm.nih.gov/pubmed/32886537
http://doi.org/10.3390/diagnostics11060939
http://doi.org/10.3390/medicina58020165
http://doi.org/10.1097/md.0000000000019794
http://www.ncbi.nlm.nih.gov/pubmed/32282743
http://doi.org/10.1186/s12348-021-00279-7
http://doi.org/10.1186/s12348-021-00263-1
http://doi.org/10.1186/s12348-021-00278-8
http://doi.org/10.4103/ijo.ijo_822_18
http://www.ncbi.nlm.nih.gov/pubmed/30777946
http://doi.org/10.4274/tjo.37630
http://www.ncbi.nlm.nih.gov/pubmed/28405483
http://doi.org/10.1016/j.ajo.2011.05.004
http://doi.org/10.4103/joco.joco_184_20
http://www.ncbi.nlm.nih.gov/pubmed/33553841
http://doi.org/10.1186/s13023-016-0412-4
http://doi.org/10.3390/diagnostics11071291
http://www.ncbi.nlm.nih.gov/pubmed/7488606
http://doi.org/10.1007/s10792-021-02121-4
http://doi.org/10.1016/s0161-6420(98)93024-x
http://doi.org/10.1055/s-0031-1299394
http://doi.org/10.1055/a-0829-6763
http://www.ncbi.nlm.nih.gov/pubmed/30891715
http://doi.org/10.1097/iio.0b013e318265d48b
http://doi.org/10.1186/s12348-021-00274-y
http://www.ncbi.nlm.nih.gov/pubmed/34787732
http://www.ncbi.nlm.nih.gov/pubmed/30100554
http://doi.org/10.1007/s10384-010-0853-6
http://www.ncbi.nlm.nih.gov/pubmed/21052896
http://doi.org/10.1007/s10792-016-0303-7


Pharmaceuticals 2022, 15, 398 30 of 36

29. Deutman, A.F. Acute multifocal ischaemic choroidopathy and the choriocapillaris. Int. Ophthalmol. 1983, 6, 155–160. [CrossRef]
30. Birnbaum, A.D.; Blair, M.P.; Tessler, H.H.; Goldstein, D.A. Subretinal fluid in acute posterior multifocal placoid pigment

epitheliopathy. Retina 2010, 30, 810–814. [CrossRef]
31. Mantovani, A.; Giani, A.; Herbort, C.P., Jr.; Staurenghi, G. Interpretation of fundus autofluorescence changes in choriocapillaritis:

A multi-modality imaging study. Graefes Arch. Clin. Exp. Ophthalmol. 2016, 254, 1473–1479. [CrossRef] [PubMed]
32. Kramer, M.; Priel, E. Fundus Autofluorescence Imaging in Multifocal Choroiditis: Beyond the Spots. Ocul. Immunol. Inflamm.

2014, 22, 349–355. [CrossRef] [PubMed]
33. Sakai, T.; Inaba, M.; Kohzaki, K.; Tsuneoka, H. Resolution of Acute Photoreceptor Damage as Revealed by Serial SD-OCT. Optom.

Vis. Sci. 2013, 90, e142–e146. [CrossRef] [PubMed]
34. Papadia, M.; Jeannin, B.; Herbort, C.P., Jr. OCT Findings in Birdshot Chorioretinitis: A Glimpse Into Retinal Disease Evolution.

Ophthalmic Surg. Lasers Imaging Retin. 2012, 43, S25–S31. [CrossRef]
35. Spaide, R.F.; Koizumi, H.; Pozonni, M.C. Enhanced Depth Imaging Spectral-Domain Optical Coherence Tomography. Am. J.

Ophthalmol. 2008, 146, 496–500. [CrossRef]
36. Skvortsova, N.; Gasc, A.; Jeannin, B.; Herbort, C.P., Jr. Evolution of choroidal thickness over time and effect of early and sustained

therapy in birdshot retinochoroiditis. Eye 2017, 31, 1205–1211. [CrossRef]
37. Singh, S.R.; Vupparaboina, K.K.; Goud, A.; Dansingani, K.K.; Chhablani, J. Choroidal imaging biomarkers. Surv. Ophthalmol.

2019, 64, 312–333. [CrossRef]
38. Gao, S.; Jia, Y.; Zhang, M.; Su, J.P.; Liu, G.; Hwang, T.; Bailey, S.T.; Huang, D. Optical Coherence Tomography Angiography.

Investig. Opthalmology Vis. Sci. 2016, 57, OCT27–OCT36. [CrossRef]
39. El Ameen, A.; Herbort, C.P., Jr. Serpiginous choroiditis imaged by optical coherence tomography angiography. Retin. Cases Brief

Rep. 2018, 12, 279–285. [CrossRef]
40. Tugal-Tutkun, I.; Herbort, C.P., Jr.; Khairallah, M.; The Angiography Scoring for Uveitis Working Group (ASUWOG). Scoring of

dual fluorescein and ICG inflammatory angiographic signs for the grading of posterior segment inflammation (dual fluorescein
and ICG angiographic scoring system for uveitis). Int. Ophthalmol. 2010, 30, 539–552. [CrossRef]

41. Elahi, S.; Gillmann, K.; Gasc, A.; Jeannin, B.; Herbort, C.P., Jr. Sensitivity of indocyanine green angiography compared to
fluorescein angiography and enhanced depth imaging optical coherence tomography during tapering and fine-tuning of therapy
in primary stromal choroiditis: A case series. J. Curr. Ophthalmol. 2019, 31, 180–187. [CrossRef]

42. Kawaguchi, T.; Horie, S.; Bouchenaki, N.; Ohno-Matsui, K.; Mochizuki, M.; Herbort, C.P., Jr. Suboptimal therapy controls
clinically apparent disease but not subclinical progression of Vogt-Koyanagi-Harada disease. Int. Ophthalmol. 2010, 30, 41–50.
[CrossRef] [PubMed]

43. Herman, D.C. Endogenous Uveitis: Current Concepts of Treatment. Mayo Clin. Proc. 1990, 65, 671–683. [CrossRef] [PubMed]
44. Alfano, J.E. Changes in the Intraocular Pressure associated with systemic corticosteroid therapy. Am. J. Ophthalmol. 1963, 56,

245–247. [CrossRef] [PubMed]
45. Schalenbourg, A.; Leys, A.; De Courten, C.; Coutteel, C.; Herbort, C.P., Jr. Corticosteroid-induced central serous chorioretinopathy

in patients with ocular inflammatory disorders. Klin. Monbl. Augenheilkd. 2002, 219, 264–267. [CrossRef]
46. Tavadia, S.M.; Mydlarski, P.R.; Reis, M.D.; Mittmann, N.; Pinkerton, P.H.; Shear, N.; Sauder, D.N. Screening for azathio-prine

toxicity: A pharmacoeconomic analysis based on a target case. J. Am. Acad. Dermatol. 2000, 42, 628–632.
47. Newell, F.W.; Krill, A.E. Treatment of uveitis with azathioprine (Imuran). Trans. Ophthalmol. Soc. UK 1967, 87, 499–511.
48. World Health Organization. World Health Organization Model List of Essential Medicines–22nd List; World Health Organization:

Geneva, Switzerland, 2021.
49. Chanaud, N.P.; Vistica, B.P.; Eugui, E.; Nussenblatt, R.B.; Allison, A.C.; Gery, I. Inhibition of experimental autoimmune

uveoretinitis by mycophenolate mofetil, an inhibitor of purine metabolism. Exp. Eye Res. 1995, 61, 429–434. [CrossRef]
50. Baltatzis, S.; Tufail, F.; Yu, E.N.; Vredeveld, C.M.; Foster, C.S. Mycophenolate mofetil as an immunomodulatory agent in the

treatment of chronic ocular inflammatory disorders. Ophthalmology 2003, 110, 1061–1065. [CrossRef]
51. Ortega, F.; Fructuoso, A.I.S.; Cruzado, J.M.; Gómez-Alamillo, J.C.; Alarcón, A.; Pallardó, L.; Morales, J.M.; Oliver, J.; Guinea,

G.; MYVIDA Study Group. Gastrointestinal Quality of Life Improvement of Renal Transplant Recipients Converted From
Mycophenolate Mofetil to Enteric-Coated Mycophenolate Sodium Drugs or Agents: Mycophenolate Mofetil and Enteric-Coated
Mycophenolate Sodium. Transplantation 2011, 92, 426–432. [CrossRef]

52. Suhler, E.B.; Biggee, K. Methotrexate. In Intraocular Inflammation; Zierhut, M., Pavésio, C., Ohno, S., Oréfice, F., Rao, N.A., Eds.;
Springer: Berlin/Heidelberg, Germany, 2016; pp. 355–360.

53. Depla, J.A.; Van Calster, J. Serpiginous choroiditis treated in a stepladder approach. Bull. Soc. Belge Ophtalmol. 2007, 306, 9–13.
54. Steeples, L.R.; Ashworth, J.; Jones, N. Multifocal chorioretinitis with progressive subretinal fibrosis in a young child. BMJ Case

Rep. 2015, 2015, bcr2015212526. [CrossRef] [PubMed]
55. Rothova, A.; Norel, A.O.-V.; I Los, L.; Berendschot, T.T.J.M. Efficacy of low-dose methotrexate treatment in birdshot chori-

oretinopathy. Retina 2011, 31, 1150–1155. [CrossRef] [PubMed]
56. Tsui, E.; Fern, C.M.; Goldberg, N.R. Treatment of refractory tubercular serpiginous–like choroiditis with intravitreal methotrexate.

Retin. Cases Brief Rep. 2021, 15, 169–173. [CrossRef] [PubMed]
57. Azzi, J.R.; Sayegh, M.H.; Mallat, S.G. Calcineurin Inhibitors: 40 Years Later, Can’t Live Without. J. Immunol. 2013, 191, 5785–5791.

[CrossRef]

http://doi.org/10.1007/bf00127644
http://doi.org/10.1097/iae.0b013e3181c596f8
http://doi.org/10.1007/s00417-015-3205-x
http://www.ncbi.nlm.nih.gov/pubmed/26631137
http://doi.org/10.3109/09273948.2013.855797
http://www.ncbi.nlm.nih.gov/pubmed/24329681
http://doi.org/10.1097/opx.0b013e31828d7d53
http://www.ncbi.nlm.nih.gov/pubmed/23528449
http://doi.org/10.3928/15428877-20120816-01
http://doi.org/10.1016/j.ajo.2008.05.032
http://doi.org/10.1038/eye.2017.54
http://doi.org/10.1016/j.survophthal.2018.11.002
http://doi.org/10.1167/iovs.15-19043
http://doi.org/10.1097/icb.0000000000000512
http://doi.org/10.1007/s10792-008-9263-x
http://doi.org/10.1016/j.joco.2018.12.006
http://doi.org/10.1007/s10792-008-9288-1
http://www.ncbi.nlm.nih.gov/pubmed/19151926
http://doi.org/10.1016/s0025-6196(12)65130-1
http://www.ncbi.nlm.nih.gov/pubmed/2190049
http://doi.org/10.1016/0002-9394(63)91858-0
http://www.ncbi.nlm.nih.gov/pubmed/14061602
http://doi.org/10.1055/s-2002-30660
http://doi.org/10.1016/s0014-4835(05)80138-1
http://doi.org/10.1016/s0161-6420(03)00092-7
http://doi.org/10.1097/tp.0b013e31822527ca
http://doi.org/10.1136/bcr-2015-212526
http://www.ncbi.nlm.nih.gov/pubmed/26468224
http://doi.org/10.1097/iae.0b013e3181ff0d8f
http://www.ncbi.nlm.nih.gov/pubmed/21386763
http://doi.org/10.1097/icb.0000000000000767
http://www.ncbi.nlm.nih.gov/pubmed/29979252
http://doi.org/10.4049/jimmunol.1390055


Pharmaceuticals 2022, 15, 398 31 of 36

58. Nussenblatt, R.B.; Rodrigues, M.M.; Salinas-Carmona, M.C.; Gery, I.; Cevario, S.; Wacker, W. Modulation of Experimental
Autoimmune Uveitis With Cyclosporin A. Arch. Ophthalmol. 1982, 100, 1146–1149. [CrossRef]

59. Nussenblatt, R.B.; Palestine, A.G.; Chan, C.-C. Cyclosporine Therapy for Uveitis: Long-Term Followup. J. Ocul. Pharmacol. Ther.
1985, 1, 369–382. [CrossRef]

60. Johnston, A.; Holt, D.W. Therapeutic drug monitoring of immunosuppressant drugs. Br. J. Clin. Pharmacol. 1999, 47, 339–350.
[CrossRef]

61. Rocha, G.; Deschênes, J.; Cantarovich, M. Cyclosporine Monitoring with Levels 6 Hours after the Morning Dose in Patients with
Noninfectious Uveitis. Ophthalmology 1997, 104, 245–251. [CrossRef]

62. Patocka, J.; Nepovimova, E.; Kuca, K.; Wu, W. Cyclosporine A: Chemistry and Toxicity—A Review. Curr. Med. Chem. 2021, 28,
3925–3934. [CrossRef]

63. Kilmartin, D.J.; Forrester, J.V.; Dick, A.D. Tacrolimus (FK506) in failed cyclosporin A therapy in endogenous posterior uveitis.
Ocul. Immunol. Inflamm. 1998, 6, 101–109. [CrossRef]

64. Murphy, C.; Greiner, K.; Plskova, J.; Duncan, L.; Frost, N.A.; Forrester, J.V.; Dick, A.D. Cyclosporine vs Tacrolimus Therapy for
Posterior and Intermediate Uveitis. Arch. Ophthalmol. 2005, 123, 634–641. [CrossRef] [PubMed]

65. Islam, F.; Westcott, M.; Rees, A.; Robson, A.G.; Kapoor, B.; Holder, G.; Pavesio, C. Safety profile and efficacy of tacrolimus in
the treatment of birdshot retinochoroiditis: A retrospective case series review. Br. J. Ophthalmol. 2017, 102, 983–990. [CrossRef]
[PubMed]

66. Mochizuki, M.; Masuda, K.; Sakane, T.; Ito, K.; Kogure, M.; Sugino, N.; Usui, M.; Mizushima, Y.; Ohno, S.; Inaba, G.; et al. A
Clinical Trial of FK506 in Refractory Uveitis. Am. J. Ophthalmol. 1993, 115, 763–769. [CrossRef] [PubMed]

67. Kempen, J.H.; Daniel, E.; Gangaputra, S.; Dreger, K.; Jabs, D.A.; Kaçmaz, R.O.; Pujari, S.S.; Anzaar, F.; Foster, C.S.; Helzlsouer,
K.J.; et al. Methods for Identifying Long-Term Adverse Effects of Treatment in Patients with Eye Diseases: The Systemic
Immunosuppressive Therapy for Eye Diseases (SITE) Cohort Study. Ophthalmic Epidemiol. 2008, 15, 47–55. [CrossRef]

68. Suelves, A.M.; Arcinue, C.A.; González-Martín, J.M.; Kruh, J.N.; Foster, C.S. Analysis of a Novel Protocol of Pulsed Intravenous
Cyclophosphamide for Recalcitrant or Severe Ocular Inflammatory Disease. Ophthalmology 2013, 120, 1201–1209. [CrossRef]

69. Pleyer, U.; Neri, P.; Deuter, C. New pharmacotherapy options for noninfectious posterior uveitis. Int. Ophthalmol. 2021, 41,
2265–2281. [CrossRef]

70. Bodaghi, B.; Quoc, E.B.; Wechsler, B.; Tran, T.H.C.; Cassoux, N.; Huong, D.L.T.; Chosidow, O.; Herson, S.; Piette, J.-C.; LeHoang, P.
Therapeutic use of infliximab in sight threatening uveitis: Retrospective analysis of efficacy, safety, and limiting factors. Ann.
Rheum. Dis. 2005, 64, 962–964. [CrossRef]

71. Neri, P.; Ricci, F.; Giovannini, A.; Arapi, I.; De Felici, C.; Cusumano, A.; Mariotti, C. Successful treatment of an overlapping
choriocapillaritis between multifocal choroiditis and acute zonal occult outer retinopathy (AZOOR) with adalimumab (Humira™).
Int. Ophthalmol. 2014, 34, 359–364. [CrossRef]

72. Seve, P.; Mennesson, E.; Grange, J.-D.; Broussolle, C.; Kodjikian, L. Infliximab in serpiginous choroiditis. Acta Ophthalmol. 2010,
88, e342–e343. [CrossRef]

73. Vegas-Revenga, N.; Calvo-Río, V.; Mesquida, M.; Adán, A.; Hernández, M.V.; Beltrán, E.; Pascual, E.V.; Díaz-Valle, D.; Díaz-
Cordovés, G.; Hernandez-Garfella, M.; et al. Anti-IL6-Receptor Tocilizumab in Refractory and Noninfectious Uveitic Cystoid
Macular Edema: Multicenter Study of 25 Patients. Am. J. Ophthalmol. 2019, 200, 85–94. [CrossRef] [PubMed]

74. Calvo-Río, V.; Blanco, R.; Santos-Gómez, M.; Valle, D.D.; Pato, E.; Loricera, J.; González-Vela, M.C.; Demetrio-Pablo, R.;
Hernandez, J.L.; González-Gay, M.A. Efficacy of Anti-IL6-Receptor Tocilizumab in Refractory Cystoid Macular Edema of Birdshot
Retinochoroidopathy Report of Two Cases and Literature Review. Ocul. Immunol. Inflamm. 2017, 25, 609–614. [CrossRef]

75. Jaffe, G.J.; Dick, A.D.; Brézin, A.P.; Nguyen, Q.D.; Thorne, J.E.; Kestelyn, P.; Barisani-Asenbauer, T.; Franco, P.; Heiligenhaus, A.;
Scales, D.; et al. Adalimumab in Patients with Active Noninfectious Uveitis. N. Engl. J. Med. 2016, 375, 932–943. [CrossRef]
[PubMed]

76. Scheinfeld, N. Adalimumab (HUMIRA): A review. J. Drugs Dermatol. 2003, 2, 375–377. [PubMed]
77. Wolf, D.; D’Haens, G.; Sandborn, W.J.; Colombel, J.-F.; Van Assche, G.; Robinson, A.M.; Lazar, A.; Zhou, Q.; Petersson, J.;

Thakkar, R.B. Escalation to weekly dosing recaptures response in adalimumab-treated patients with moderately to severely active
ulcerative colitis. Aliment. Pharmacol. Ther. 2014, 40, 486–497. [CrossRef]

78. Golay, J.; Zaffaroni, L.; Vaccari, T.; Lazzari, M.; Borleri, G.M.; Bernasconi, S.; Tedesco, F.; Rambaldi, A.; Introna, M. Biologic
re-sponse of B lymphoma cells to anti-CD20 monoclonal antibody rituximab in vitro: CD55 and CD59 regulate comple-ment-
mediated cell lysis. Blood 2000, 95, 3900–3908.

79. Teoh, S.C.B.; Sharma, S.; Hogan, A.; Lee, R.; Ramanan, A.V.; Dick, A.D. Tailoring biological treatment: Anakinra treatment of
posterior uveitis associated with the CINCA syndrome. Br. J. Ophthalmol. 2007, 91, 263–264. [CrossRef]

80. Mesquida, M.; Molins, B.; Llorenç, V.; Hernández, M.V.; Espinosa, G.; De La Maza, M.S.; Adán, A. Twenty-four month follow-up
of tocilizumab therapy for refractory uveitis-related macular edema. Retina 2018, 38, 1361–1370. [CrossRef]

81. Herbort, C.P., Jr. Multiple Evanescent White Dot Syndrome (MEWDS). In Intraocular Inflammation; Zierhut, M., Pavésio, C., Ohno,
S., Oréfice, F., Rao, N.A., Eds.; Springer: Berlin/Heidelberg, Germany, 2016; pp. 997–1005.

82. Khurana, R.; Albini, T.; Dea, M.K.; Rao, N.A.; Lim, J.I. Atypical Presentation of Multiple Evanescent White Dot Syndrome
Involving Granular Lesions of Varying Size. Am. J. Ophthalmol. 2005, 139, 935–937. [CrossRef]

http://doi.org/10.1001/archopht.1982.01030040124022
http://doi.org/10.1089/jop.1985.1.369
http://doi.org/10.1046/j.1365-2125.1999.00911.x
http://doi.org/10.1016/s0161-6420(97)30328-5
http://doi.org/10.2174/0929867327666201006153202
http://doi.org/10.1076/ocii.6.2.101.4051
http://doi.org/10.1001/archopht.123.5.634
http://www.ncbi.nlm.nih.gov/pubmed/15883282
http://doi.org/10.1136/bjophthalmol-2017-310436
http://www.ncbi.nlm.nih.gov/pubmed/29051329
http://doi.org/10.1016/s0002-9394(14)73645-1
http://www.ncbi.nlm.nih.gov/pubmed/7685147
http://doi.org/10.1080/09286580701585892
http://doi.org/10.1016/j.ophtha.2013.01.031
http://doi.org/10.1007/s10792-021-01763-8
http://doi.org/10.1136/ard.2004.025882
http://doi.org/10.1007/s10792-013-9801-z
http://doi.org/10.1111/j.1755-3768.2009.01738.x
http://doi.org/10.1016/j.ajo.2018.12.019
http://www.ncbi.nlm.nih.gov/pubmed/30660771
http://doi.org/10.1080/09273948.2016.1231331
http://doi.org/10.1056/nejmoa1509852
http://www.ncbi.nlm.nih.gov/pubmed/27602665
http://www.ncbi.nlm.nih.gov/pubmed/12884458
http://doi.org/10.1111/apt.12863
http://doi.org/10.1136/bjo.2006.0101477
http://doi.org/10.1097/iae.0000000000001690
http://doi.org/10.1016/j.ajo.2004.11.012


Pharmaceuticals 2022, 15, 398 32 of 36

83. Kuznetcova, T.; Jeannin, B.; Herbort, C.P. A case of overlapping choriocapillaritis syndromes: Multimodal imaging ap-praisal. J.
Ophthalmic. Vis. Res. 2012, 7, 67–75.

84. Gass, J.D.M. Acute Posterior Multifocal Placoid Pigment Epitheliopathy. Arch. Ophthalmol. 1968, 80, 177–185. [CrossRef]
[PubMed]

85. Fiore, T.; Iaccheri, B.; Androudi, S.; Papadaki, T.G.; Anzaar, F.; Brazitikos, P.; D’Amico, D.J.; Foster, C.S. Acute posterior multifocal
placoid pigment epitheliopathy. Retina 2009, 29, 994–1001. [CrossRef] [PubMed]

86. Uraki, T.; Namba, K.; Mizuuchi, K.; Iwata, D.; Ohno, S.; Kitaichi, N.; Ishida, S. Cyclosporine and prednisolone combination
therapy as a potential therapeutic strategy for relentless placoid chorioretinitis. Am. J. Ophthalmol. Case Rep. 2019, 14, 87–91.
[CrossRef]

87. Berger, E.; Ghorayeb, G.; Hogg, J. An atypical case of acute posterior multifocal placoid pigment epitheliopathy with recurrent
strokes. Am. J. Ophthalmol. Case Rep. 2019, 16, 100574. [CrossRef]

88. El-Markaby, H.S.; Mohammed, T.H.; El-Raggal, T.M. Acute posterior multifocal placoid pigment epitheliopathy: Role of TNF
blocker in severe cases. Retina 2012, 32, 2102–2107. [CrossRef] [PubMed]

89. Vianna, R.N.G.; Vanzan, V.; Turchetti, R.; Burnier, M.; Burnier, M.N., Jr. Intravitreal and posterior subtenon triamcinolone
acetonide for severe acute posterior multifocal placoid pigment epitheliopathy. Arq. Bras. Oftalmol. 2019, 82, 233–235. [CrossRef]
[PubMed]

90. Mora-Cantallops, A.; Pérez, M.D.; Revenga, M.; González-López, J.J. Ellipsoid layer restoration after Ozurdex® treatment in a
patient with acute posterior multifocal placoid pigment epitheliopathy. Eur. J. Ophthalmol. 2021, 31, NP49–NP53. [CrossRef]
[PubMed]

91. Tavallali, A.; Yannuzzi, L.A. Idiopathic multifocal choroiditis. J. Ophthalmic Vis. Res. 2016, 11, 429–432. [CrossRef]
92. De Groot, E.L.; ten Dam-van Loon, N.H.; de Boer, J.H.; Ossewaarde-van Norel, J. The efficacy of corticoid-aparing immuno-

modulatory therapy in treating patients with central multifocal choroiditis. Acta Ophthalmol. 2020, 98, 816–821.
93. Neri, P.; Manoni, M.; Fortuna, C.; Lettieri, M.; Mariotti, C.; Giovannini, A. Association of systemic steroids and mycopheno-

late mofetil as rescue therapy for uveitic choroidal neovascularization unresponsive to the traditional immunesuppressants:
Interventional case series. Int. Ophthalmol. 2010, 30, 583–590. [CrossRef]

94. Goldberg, N.R.; Lyu, T.; Moshier, E.; Godbold, J.; Jabs, D.A. Success with Single-Agent Immunosuppression for Multifocal
Choroidopathies. Am. J. Ophthalmol. 2014, 158, 1310–1317. [CrossRef] [PubMed]

95. Feng, L.; Hu, J.-H.; Chen, J.; Xie, X. An efficacy analysis of anti-vascular endothelial growth factor therapy for choroidal
neovascularization secondary to multifocal choroiditis and comparison with wet age-related macular degeneration. J. Zhejiang
Univ. Sci. B 2018, 19, 327–332. [CrossRef] [PubMed]

96. Hooper, P.L.; Kaplan, H.J. Triple Agent Immunosuppression in Serpiginous Choroiditis. Ophthalmology 1991, 98, 944–951;
discussion 951–952. [CrossRef] [PubMed]

97. Akpek, E.K.; Baltatzis, S.; Yang, J.; Foster, C.S. Long-term immunosuppressive treatment of serpiginous choroiditis. Ocul. Immunol.
Inflamm. 2001, 9, 153–167. [CrossRef]

98. Khanamiri, H.N.; Rao, N.A. Serpiginous Choroiditis and Infectious Multifocal Serpiginoid Choroiditis. Surv. Ophthalmol. 2013,
58, 203–232. [CrossRef]

99. Markomichelakis, N.N.; Halkiadakis, I.; Papaeythymiou-Orchan, S.; Giannakopoulos, N.; Ekonomopoulos, N.; Kouris, T.
Intravenous Pulse Methylprednisolone Therapy for Acute Treatment of Serpiginous Choroiditis. Ocul. Immunol. Inflamm. 2006,
14, 29–33. [CrossRef]

100. Venkatesh, P.; Tayade, A.; Gogia, V.; Gupta, S.; Shah, B.M.; Vohra, R. Short-term Intensive Immunosuppression: A Randomized,
Three-arm Study of Intravenous Pulse Methylprednisolone and Cyclophosphamide in Macular Serpiginous Choroiditis. Ocul.
Immunol. Inflamm. 2018, 26, 469–476. [CrossRef]

101. Ebrahimiadib, N.; Modjtahedi, B.S.; Davoudi, S.; Foster, C.S. Treatment of Serpiginous Choroiditis with Chlorambucil: A Report
of 17 Patients. Ocul. Immunol. Inflamm. 2016, 26, 228–238. [CrossRef]

102. Capote, A.C.; Jiménez, J.M.R.; Soto, M.L.; Gómez, C.R.; De Lucas, M.D.G. Effectiveness of Adalimumab for Refractory Serpiginous
Choroiditis. Ocul. Immunol. Inflamm. 2014, 22, 405–408. [CrossRef]

103. Noda, K.; Oishi, A.; Uji, A.; Tanaka, S.; Tsujikawa, A. Limited efficacy of adalimumab in the acute phase of serpiginous choroiditis
refractory to corticosteroid and cyclosporine, a case report. BMC Ophthalmol. 2019, 19, 95. [CrossRef]

104. Gupta, V.; Gupta, A.; Arora, S.; Bambery, P.; Dogra, M.R.; Agarwal, A. Presumed tubercular serpiginouslike choroiditis: Clinical
presentations and management. Ophthalmology 2003, 110, 1744–1749. [CrossRef] [PubMed]

105. Pathengay, A.; Mishra, S.B.; Saoji, K. Dual lesion margins on fundus autofluorescence associated with paradoxical worsening
following treatment for tubercular serpiginous-like choroiditis. Indian J. Ophthalmol. 2020, 68, 536–538. [CrossRef]

106. Agrawal, R.; Testi, I.; Mahajan, S.; Yuen, Y.S.; Agarwal, A.; Kon, O.M.; Barisani-Asenbauer, T.; Kempen, J.H.; Gupta, A.; Jabs,
D.A.; et al. Collaborative Ocular Tuberculosis Study Consensus Guidelines on the Management of Tubercular Uveitis—Report
1: Guidelines for Initiating An-titubercular Therapy in Tubercular Choroiditis. Ophthalmology 2021, 128, 266–276. [CrossRef]
[PubMed]

107. Papasavvas, I.; Jeannin, B.; Herbort, C.P., Jr. Tuberculosis-related serpiginous choroiditis: Aggressive therapy with dual
concomitant combination of multiple anti-tubercular and multiple immunosuppressive agents is needed to halt the progression
of the disease. J. Ophthalmic Inflamm. Infect. 2022, 12, 7. [CrossRef]

http://doi.org/10.1001/archopht.1968.00980050179005
http://www.ncbi.nlm.nih.gov/pubmed/5661882
http://doi.org/10.1097/iae.0b013e3181a0bd15
http://www.ncbi.nlm.nih.gov/pubmed/19491729
http://doi.org/10.1016/j.ajoc.2019.03.005
http://doi.org/10.1016/j.ajoc.2019.100574
http://doi.org/10.1097/iae.0b013e31825620d6
http://www.ncbi.nlm.nih.gov/pubmed/22714042
http://doi.org/10.5935/0004-2749.20190045
http://www.ncbi.nlm.nih.gov/pubmed/30916213
http://doi.org/10.1177/1120672119883598
http://www.ncbi.nlm.nih.gov/pubmed/31642338
http://doi.org/10.4103/2008-322x.194141
http://doi.org/10.1007/s10792-009-9323-x
http://doi.org/10.1016/j.ajo.2014.08.039
http://www.ncbi.nlm.nih.gov/pubmed/25194229
http://doi.org/10.1631/jzus.b1700535
http://www.ncbi.nlm.nih.gov/pubmed/29616508
http://doi.org/10.1016/s0161-6420(91)32198-5
http://www.ncbi.nlm.nih.gov/pubmed/1866149
http://doi.org/10.1076/ocii.9.3.153.3962
http://doi.org/10.1016/j.survophthal.2012.08.008
http://doi.org/10.1080/09273940500227192
http://doi.org/10.1080/09273948.2016.1237663
http://doi.org/10.1080/09273948.2016.1214737
http://doi.org/10.3109/09273948.2013.859276
http://doi.org/10.1186/s12886-019-1104-3
http://doi.org/10.1016/s0161-6420(03)00619-5
http://www.ncbi.nlm.nih.gov/pubmed/13129872
http://doi.org/10.4103/ijo.ijo_536_19
http://doi.org/10.1016/j.ophtha.2020.01.008
http://www.ncbi.nlm.nih.gov/pubmed/32115264
http://doi.org/10.1186/s12348-022-00282-6


Pharmaceuticals 2022, 15, 398 33 of 36

108. Cordero-Coma, M.; Benito, M.F.; Hernández, A.M.; Antolín, S.C.; Ruíz, J.M.G. Serpiginous Choroiditis. Ophthalmology 2008, 115,
1633–1633.e2. [CrossRef] [PubMed]

109. Llorenç, V.; Molins, B.; Rey, A.; Mesquida, M.; Adán, A. Adalimumab in Serpiginous Choroiditis. Ocul. Immunol. Inflamm. 2013,
21, 237–240. [CrossRef] [PubMed]

110. Ormaechea, M.S.; Hassan, M.; Nguyen, Q.D.; Schlaen, A. Acute syphilis posterior placoid chorioretinopathy: An infectious or
autoimmune disease? Am. J. Ophthalmol. Case Rep. 2019, 14, 70–73.

111. Furtado, J.M.; Simões, M.; Vasconcelos-Santos, D.; Oliver, G.F.; Tyagi, M.; Nascimento, H.; Gordon, D.L.; Smith, J.R. Ocular
syphilis. Surv. Ophthalmol. 2021, 67, 440–462. [CrossRef]

112. Fathilah, J.; Choo, M.M. The Jarisch-Herxheimer reaction in ocular syphilis. Med. J. Malays. 2003, 58, 437–439.
113. Attia, S.; Khochtali, S.; Kahloum, R.; Zouali, S.; Khairallah, M. Vogt-Koyanagi-Harada disease. Expert Rev. Ophthalmol. 2012, 7,

565–568.
114. Damico, F.M.; Bezerra, F.T.; Da Silva, G.C.; Gasparin, F.; Yamamoto, J.H. New insights into Vogt-Koyanagi-Harada disease. Arq.

Bras. Oftalmol. 2009, 72, 413–420. [CrossRef] [PubMed]
115. Abu El-Asrar, A.M.; Van Damme, J.; Struyf, S.; Opdenakker, G. New Perspectives on the Immunopathogenesis and Treatment of

Uveitis Associated With Vogt-Koyanagi-Harada Disease. Front. Med. 2021, 8, 705796. [CrossRef]
116. Herbort, C.P., Jr.; Abu El Asrar, A.M.; Yamamoto, J.H.; Pavésio, C.E.; Gupta, V.; Khairallah, M.; Tugal-Tutkun, I.; Soheilian, M.;

Takeuchi, M.; Papadia, M.; et al. Reappraisal of the management of Vogt–Koyanagi–Harada disease: Sunset glow fundus is no
more a fatality. Int. Ophthalmol. 2016, 37, 1383–1395. [CrossRef] [PubMed]

117. Herbort, C.P., Jr.; Abu El Asrar, A.M.; Takeuchi, M.; Pavésio, C.E.; Couto, C.; Hedayatfar, A.; Maruyama, K.; Rao, X.; Silpa-Archa,
S.; Somkijrungroj, T. Catching the therapeutic window of opportunity in early initial-onset Vogt–Koyanagi–Harada uveitis can
cure the disease. Int. Ophthalmol. 2018, 39, 1419–1425. [CrossRef]

118. Yang, P.; Ye, Z.; Du, L.; Zhou, Q.; Qi, J.; Liang, L.; Wu, L.; Wang, C.; Kijlstra, A. Novel treatment regimen of Vogt–Koyanagi–Harada
disease with a reduced dose of corticosteroids combined with immunosuppressive agents. Curr. Eye Res. 2017, 43, 254–261.
[CrossRef]

119. Herbort, C.P., Jr.; Tugal-Tutkun, I.; Abu-El-Asrar, A.; Gupta, A.; Takeuchi, M.; Fardeau, C.; Hedayatfar, A.; Urzua, C.; Papasavvas,
I. Precise, simplified diagnostic criteria and optimised management of initial-onset Vogt–Koyanagi–Harada disease: An updated
review. Eye 2021, 36, 29–43. [CrossRef]

120. Silpa-Archa, S.; Silpa-Archa, N.; Preble, J.M.; Foster, C.S. Vogt–Koyanagi–Harada syndrome: Perspectives for immunogenetics,
multimodal imaging, and therapeutic options. Autoimmun. Rev. 2016, 15, 809–819. [CrossRef]

121. Herbort, C.P., Jr.; Tugal-Tutkun, I.; Khairallah, M.; Abu El Asrar, A.M.; Pavésio, C.E.; Soheilian, M. Vogt–Koyanagi–Harada
disease: Recurrence rates after initial-onset disease differ according to treatment modality and geographic area. Int. Ophthalmol.
2020, 40, 2423–2433. [CrossRef]

122. Nakayama, M.; Keino, H.; Watanabe, T.; A Okada, A. Clinical features and visual outcomes of 111 patients with new-onset acute
Vogt-Koyanagi-Harada disease treated with pulse intravenous corticosteroids. Br. J. Ophthalmol. 2018, 103, 274–278. [CrossRef]

123. Abu El-Asrar, A.M.; Dosari, M.; Hemachandran, S.; Gikandi, P.W.; Al-Muammar, A. Mycophenolate mofetil combined with
systemic corticosteroids prevents progression to chronic recurrent inflammation and development of ‘sunset glow fundus’ in
initial-onset acute uveitis associated with Vogt-Koyanagi-Harada disease. Acta Ophthalmol. 2016, 95, 85–90. [CrossRef]

124. Abu El-Asrar, A.M.; Hemachandran, S.; Al-Mezaine, H.S.; Kangave, D.; Al-Muammar, A.M. The outcomes of mycophenolate
mofetil therapy combined with systemic corticosteroids in acute uveitis associated with Vogt-Koyanagi-Harada disease. Acta
Ophthalmol. 2012, 90, e603–e608. [CrossRef] [PubMed]

125. Lodhi, S.A.; Reddy, J.L.; Perum, V. Clinical spectrum and management options in Vogt–Koyanagi–Harada disease. Clin.
Ophthalmol. 2017, 11, 1399–1406. [CrossRef]

126. Herbort, C.P., Jr.; Papasavvas, I.; Tugal-Tutkun, I. Vogt–Koyanagi–Harada is a curable autoimmune disease: Early diagnosis and
immediate dual steroidal and non-steroidal immunosuppression are crucial prerequisites. J. Curr. Ophthalmol. 2020, 32, 310–314.
[CrossRef]

127. Read, R.W.; Yu, F.; Accorinti, M.; Bodaghi, B.; Chee, S.-P.; Fardeau, C.; Goto, H.; Holland, G.N.; Kawashima, H.; Kojima, E.; et al.
Evaluation of the Effect on Outcomes of the Route of Administration of Corticosteroids in Acute Vogt-Koyanagi-Harada Disease.
Am. J. Ophthalmol. 2006, 142, 119–124. [CrossRef] [PubMed]

128. Sakata, V.M.; da Silva, F.T.; Hirata, C.E.; Marin, M.L.C.; Rodrigues, H.; Kalil, J.; Costa, R.A.; Yamamoto, J.H. High rate of clinical
recurrence in patients with Vogt–Koyanagi–Harada disease treated with early high-dose corticosteroids. Graefes. Arch. Clin. Exp.
Ophthalmol. 2015, 253, 785–790. [CrossRef]

129. Oo, E.E.L.; Chee, S.-P.; Wong, K.K.Y.; Htoon, H.M. Vogt-Koyanagi-Harada Disease Managed With Immunomodulatory Therapy
Within 3 Months of Disease Onset. Am. J. Ophthalmol. 2020, 220, 37–44. [CrossRef]

130. Ono, T.; Goto, H.; Sakai, T.; Nitta, F.; Mizuki, N.; Takase, H.; Kaneko, Y.; Hori, J.; Nakano, S.; Nao-I, N.; et al. Comparison of
combination therapy of prednisolone and cyclosporine with corticosteroid pulse therapy in Vogt–Koyanagi–Harada disease. Jpn.
J. Ophthalmol. 2021, 66, 119–129. [CrossRef]

131. Urzua, C.A.; Herbort, C.; Valenzuela, R.A.; Abu El-Asrar, A.M.; Arellanes-Garcia, L.; Schlaen, A.; Yamamoto, J.; Pavesio, C.
Initial-onset acute and chronic recurrent stages are two distinctive courses of Vogt-Koyanagi-Harada disease. J. Ophthalmic
Inflamm. Infect. 2020, 10, 23. [CrossRef]

http://doi.org/10.1016/j.ophtha.2008.05.009
http://www.ncbi.nlm.nih.gov/pubmed/18762076
http://doi.org/10.3109/09273948.2012.761240
http://www.ncbi.nlm.nih.gov/pubmed/23480603
http://doi.org/10.1016/j.survophthal.2021.06.003
http://doi.org/10.1590/s0004-27492009000300028
http://www.ncbi.nlm.nih.gov/pubmed/19668980
http://doi.org/10.3389/fmed.2021.705796
http://doi.org/10.1007/s10792-016-0395-0
http://www.ncbi.nlm.nih.gov/pubmed/27844182
http://doi.org/10.1007/s10792-018-0949-4
http://doi.org/10.1080/02713683.2017.1383444
http://doi.org/10.1038/s41433-021-01573-3
http://doi.org/10.1016/j.autrev.2016.04.001
http://doi.org/10.1007/s10792-020-01417-1
http://doi.org/10.1136/bjophthalmol-2017-311691
http://doi.org/10.1111/aos.13189
http://doi.org/10.1111/j.1755-3768.2012.02498.x
http://www.ncbi.nlm.nih.gov/pubmed/22971163
http://doi.org/10.2147/opth.s134977
http://doi.org/10.4103/joco.joco_190_20
http://doi.org/10.1016/j.ajo.2006.02.049
http://www.ncbi.nlm.nih.gov/pubmed/16815259
http://doi.org/10.1007/s00417-014-2904-z
http://doi.org/10.1016/j.ajo.2020.07.036
http://doi.org/10.1007/s10384-021-00878-w
http://doi.org/10.1186/s12348-020-00214-2


Pharmaceuticals 2022, 15, 398 34 of 36

132. Tugal-Tutkun, I.; Herbort, C.P., Jr.; Mantovani, A.; Neri, P.; Khairallah, M. Advances and potential new developments in imaging
techniques for posterior uveitis. Part 1: Noninvasive imaging methods. Eye 2021, 35, 33–51. [CrossRef]

133. Herbort, C.P., Jr.; Tugal-Tutkun, I.; Mantovani, A.; Neri, P.; Khairallah, M.; Papasavvas, I. Advances and potential new develop-
ments in imaging techniques for posterior uveitis Part 2: Invasive imaging methods. Eye 2021, 35, 52–73. [CrossRef]

134. Paredes, I.; Ahmed, M.; Foster, C.S. Immunomodulatory Therapy for Vogt-Koyanagi-Harada Patients as First-Line Therapy. Ocul.
Immunol. Inflamm. 2006, 14, 87–90. [CrossRef]

135. Urzua, C.A.; Velasquez, V.; Sabat, P.; Berger, O.; Ramirez, S.; Goecke, A.; Vasquez, D.H.; Gatica, H.; Guerrero, J. Earlier
immunomodulatory treatment is associated with better visual outcomes in a subset of patients with Vogt-Koyanagi-Harada
disease. Acta Ophthalmol. 2015, 93, e475–e480. [CrossRef] [PubMed]

136. Arcinue, C.A.; Radwan, A.; Lebanan, M.O.; Foster, C.S. Comparison of Two Different Combination Immunosuppressive Therapies
in the Treatment of Vogt-Koyonagi-Harada Syndrome. Ocul. Immunol. Inflamm. 2013, 21, 47–52. [CrossRef]

137. Shen, E.; Rathinam, S.R.; Babu, M.; Kanakath, A.; Thundikandy, R.; Lee, S.M.; Browne, E.; Porco, T.C.; Acharya, N.R. Outcomes of
Vogt-Koyanagi-Harada Disease: A Subanalysis From a Randomized Clinical Trial of Antimetabolite Therapies. Am. J. Ophthalmol.
2016, 168, 279–286. [CrossRef] [PubMed]

138. Haruta, M.; Yoshioka, M.; Fukutomi, A.; Minami, T.; Mashimo, H.; Shimojo, H.; Ohguro, N. The Effect of Low-dose Cyclo-sporine
(100 mg Once Daily) for Chronic Vogt-Koyanagi-Harada Disease. Nippon Ganka Gakkai Zasshi 2017, 121, 474–479. [PubMed]

139. Fukutomi, A.; Mashimo, H.; Yoshioka, M.; Haruta, M.; Minami, T.; Shimojo, H.; Ohguro, N. Steroid Resistant Vogt-Koyanagi-
Harada Disease Treated Effectively with Cyclosporine. Nippon Ganka Gakkai Zasshi 2017, 121, 480–486. [PubMed]

140. Concha-Del Río, L.E.; Gómez, L.; Arellanes-García, L. Corticotherapy vs. Corticotherapy Plus Immunosuppressive Therapy in
Acute Vogt-Koyanagi-Harada Disease. Arch. Soc. Esp. Oftalmol. 2018, 93, 225–230.

141. Kim, S.J.; Yu, H.G. The Use of Low-Dose Azathioprine in Patients with Vogt-Koyanagi-Harada Disease. Ocul. Immunol. Inflamm.
2007, 15, 381–387. [CrossRef]

142. Agarwal, M.; Ganesh, S.K.; Biswas, J. Triple Agent Immunosuppressive Therapy in Vogt-Koyanagi-Harada Syndrome. Ocul.
Immunol. Inflamm. 2006, 14, 333–339. [CrossRef]

143. Cuchacovich, M.; Solanes, F.; Díaz, G.; Cermenati, T.; Avila, S.; Verdaguer, J.I.; Carpentier, C.; Stopel, J.; Rojas, B.; Traipe, L.; et al.
Comparison of the Clinical Efficacy of Two Different Immunosuppressive Regimens in Patients with Chronic Vogt-Koyanagi-
Harada Disease. Ocul. Immunol. Inflamm. 2010, 18, 200–207. [CrossRef]

144. Soheilian, M.; Aletaha, M.; Yazdani, S.; Dehghan, M.H.; Peyman, G.A. Management of Pediatric Vogt-Koyanagi- Harada
(VKH)-Associated Panuveitis. Ocul. Immunol. Inflamm. 2006, 14, 91–98. [CrossRef] [PubMed]

145. Ingolotti, M.; Schlaen, B.A.; Melo-Granados, E.A.R.; García, H.R.; Partida, J.A.A. Azathioprine During the First Trimester of
Pregnancy in a Patient with Vogt-Koyanagi-Harada Disease: A Multimodal Imaging Follow-Up Study. Am. J. Case Rep. 2019, 20,
300–305. [CrossRef] [PubMed]

146. Kondo, Y.; Fukuda, K.; Suzuki, K.; Nishida, T. Chronic noninfectious uveitis associated with Vogt–Koyanagi–Harada disease
treated with low-dose weekly systemic methotrexate. Jpn. J. Ophthalmol. 2012, 56, 104–106. [CrossRef]

147. Wang, Y.; Gaudio, P.A. Infliximab Therapy for 2 Patients with Vogt-Koyanagi-Harada Syndrome. Ocul. Immunol. Inflamm. 2008,
16, 167–171. [CrossRef]

148. Niccoli, L.; Nannini, C.; Cassara, E.; Gini, G.; Lenzetti, I.; Cantini, F. Efficacy of infliximab therapy in two patients with refractory
Vogt-Koyanagi-Harada disease. Br. J. Ophthalmol. 2009, 93, 1553–1554. [CrossRef]

149. Khalifa, Y.M.; Bailony, M.R.; Acharya, N.R. Treatment of Pediatric Vogt-Koyanagi-Harada Syndrome with Infliximab. Ocul.
Immunol. Inflamm. 2010, 18, 218–222. [CrossRef]

150. Zmuda, M.; Tiev, K.P.; Knoeri, J.; Héron, E. Successful Use of Infliximab Therapy in Sight-threatening Corticosteroid-resistant
Vogt-Koyanagi-Harada Disease. Ocul. Immunol. Inflamm. 2013, 21, 310–316. [CrossRef] [PubMed]

151. Budmann, G.A.; Franco, L.G.; Pringe, A. Long term treatment with infliximab in pediatric Vogt-Koyanagi-Harada disease. Am. J.
Ophthalmol. Case Rep. 2018, 11, 139–141. [CrossRef] [PubMed]

152. Papasavvas, I.; Herbort, C.P., Jr. Reactivation of Vogt-Koyanagi-Harada disease under control for more than 6 years, following
anti-SARS-CoV-2 vaccination. J. Ophthalmic Inflamm. Infect. 2021, 11, 21. [CrossRef]

153. Llopis, M.D.; Amselem, L.; Romero, F.; García-Delpech, S.; Hernandez, M. Tratamiento con Adalimumab -nuevo antiTNF- del
síndrome de Vogt-Koyanagi-Harada [Adalimumab therapy for Vogt-Koyanagi-Harada syndrome]. Arch. Soc. Esp. Oftalmol. 2007,
82, 131–132. [CrossRef]

154. Jeroudi, A.; Angeles-Han, S.T.; Yeh, S. Efficacy of Adalimumab for Pediatric Vogt-Koyanagi-Harada Syndrome. Ophthalmic Surg.
Lasers Imaging Retin. 2014, 45, 332–334. [CrossRef]

155. Couto, C.; Schlaen, A.; Frick, M.; Khoury, M.; Lopez, M.; Hurtado, E.; Goldstein, D. Adalimumab Treatment in Patients with
Vogt–Koyanagi–Harada Disease. Ocul. Immunol. Inflamm. 2018, 26, 485–489. [CrossRef] [PubMed]

156. Robles, B.J.F.; Madrigal, J.B.; Sanchinel, A.A.S.; Pascual, D.H.; Pablo, R.D.; Blanco, R. Anti-TNF? Therapy and switching in severe
uveitis related to Vogt-Koyanagi-Harada syndrome. Eur. J. Rheumatol. 2017, 4, 226–228. [CrossRef]

157. Takayama, K.; Obata, H.; Takeuchi, M. Efficacy of Adalimumab for Chronic Vogt-Koyanagi-Harada Disease Refractory to
Conventional Corticosteroids and Immunosuppressive Therapy and Complicated by Central Serous Chorioretinopathy. Ocul.
Immunol. Inflamm. 2020, 28, 509–512. [CrossRef] [PubMed]

http://doi.org/10.1038/s41433-020-1063-1
http://doi.org/10.1038/s41433-020-1072-0
http://doi.org/10.1080/09273940500536766
http://doi.org/10.1111/aos.12648
http://www.ncbi.nlm.nih.gov/pubmed/25565265
http://doi.org/10.3109/09273948.2012.728668
http://doi.org/10.1016/j.ajo.2016.06.004
http://www.ncbi.nlm.nih.gov/pubmed/27296490
http://www.ncbi.nlm.nih.gov/pubmed/30088714
http://www.ncbi.nlm.nih.gov/pubmed/30088715
http://doi.org/10.1080/09273940701624312
http://doi.org/10.1080/09273940600976938
http://doi.org/10.3109/09273941003587541
http://doi.org/10.1080/09273940600557001
http://www.ncbi.nlm.nih.gov/pubmed/16597538
http://doi.org/10.12659/AJCR.914281
http://www.ncbi.nlm.nih.gov/pubmed/30842390
http://doi.org/10.1007/s10384-011-0092-5
http://doi.org/10.1080/09273940802204527
http://doi.org/10.1136/bjo.2008.153981
http://doi.org/10.3109/09273941003739910
http://doi.org/10.3109/09273948.2013.775312
http://www.ncbi.nlm.nih.gov/pubmed/23617262
http://doi.org/10.1016/j.ajoc.2018.06.022
http://www.ncbi.nlm.nih.gov/pubmed/29998211
http://doi.org/10.1186/s12348-021-00251-5
http://doi.org/10.4321/s0365-66912007000300003
http://doi.org/10.3928/23258160-20140709-09
http://doi.org/10.1080/09273948.2016.1236969
http://www.ncbi.nlm.nih.gov/pubmed/27775450
http://doi.org/10.5152/eurjrheum.2017.160085
http://doi.org/10.1080/09273948.2019.1603312
http://www.ncbi.nlm.nih.gov/pubmed/31268769


Pharmaceuticals 2022, 15, 398 35 of 36

158. Kwon, H.Y.; Woo, S.J. A Case of Recurrent Vogt-Koyanagi-Harada Disease Successfully Treated with Adalimumab in Young
Female Adult Patient. Korean J. Ophthalmol. 2020, 34, 92–93. [CrossRef] [PubMed]

159. Dolz-Marco, R.; Gallego-Pinazo, R.; Díaz-Llopis, M. Rituximab in refractory Vogt–Koyanagi–Harada disease. J. Ophthalmic
Inflamm. Infect. 2011, 1, 177–180. [CrossRef]

160. Caso, F.; Rigante, D.; Vitale, A.; Costa, L.; Bascherini, V.; Latronico, E.; Franceschini, R.; Cantarini, L. Long-lasting uveitis remission
and hearing loss recovery after rituximab in Vogt-Koyanagi-Harada disease. Clin. Rheumatol. 2015, 34, 1817–1820. [CrossRef]

161. Umran, R.M.R.; Shukur, Z.Y.H. Rituximab for sight-threatening refractory pediatric Vogt–Koyanagi–Harada disease. Mod.
Rheumatol. 2015, 28, 197–199. [CrossRef]

162. Abu El-Asrar, A.M.; Dheyab, A.; Khatib, D.; Struyf, S.; Van Damme, J.; Opdenakker, G. Efficacy of B Cell Depletion Therapy with
Rituximab in Refractory Chronic Recurrent Uveitis Associated with Vogt-Koyanagi-Harada Disease. Ocul. Immunol. Inflamm.
2020; 1–8, epub ahead of print. [CrossRef]

163. Bolletta, E.; Gozzi, F.; Mastrofilippo, V.; Pipitone, N.; De Simone, L.; Croci, S.; Invernizzi, A.; Adani, C.; Iannetta, D.; Coassin,
M.; et al. Efficacy of Rituximab Treatment in Vogt-Koyanagi-Harada Disease Poorly Controlled by Traditional Immunosuppressive
Treatment. Ocul. Immunol. Inflamm. 2021, 1–6. [CrossRef]

164. Su, E.; Oza, V.S.; Latkany, P. A case of recalcitrant pediatric Vogt-Koyanagi-Harada disease successfully controlled with adali-
mumab. J. Formos. Med Assoc. 2019, 118, 945–950. [CrossRef] [PubMed]

165. Tedeschi, V.; Paldino, G.; Paladini, F.; Mattorre, B.; Tuosto, L.; Sorrentino, R.; Fiorillo, M.T. The Impact of the ‘Mis-Peptidome’ on
HLA Class I-Mediated Diseases: Contribution of ERAP1 and ERAP2 and Effects on the Immune Response. Int. J. Mol. Sci. 2020,
21, 9608. [CrossRef]

166. A Gaudio, P.; Kaye, D.B.; Crawford, J.B. Histopathology of birdshot retinochoroidopathy. Br. J. Ophthalmol. 2002, 86, 1439–1441.
[CrossRef] [PubMed]

167. Herbort, C.P., Jr.; Probst, K.; Cimino, L.; Tran, V.T. Differential Inflammatory Involvement in Retina and Choroïd in Birdshot
Chorioretinopathy. Klin. Monbl. Augenheilkd. 2004, 221, 351–356. [CrossRef] [PubMed]

168. Fardeau, C.; Herbort, C.P., Jr.; Kullmann, N.; Quentel, G.; LeHoang, P. Indocyanine green angiography in birdshot chorioretinopa-
thy. Ophthalmology 1999, 106, 1928–1934. [CrossRef]

169. Cao, J.H.; Silpa-Archa, S.; Freitas-Neto, C.A.; Foster, C.S. Birdshot chorioretinitis lesions on indocyanine green angiography as an
indicator of disease activity. Retina 2016, 36, 1751–1757. [CrossRef]

170. Priem, H.A.; Oosterhuis, J.A. Birdshot chorioretinopathy: Clinical characteristics and evolution. Br. J. Ophthalmol. 1988, 72,
646–659. [CrossRef]

171. Gasch, A.T.; Smith, J.A.; Whitcup, S.M. Birdshot retinochoroidopathy. Br. J. Ophthalmol. 1999, 83, 241–249.
172. Fuerst, D.J.; Tessler, H.H.; Fishman, G.A.; Yokoyama, M.; Wyhinny, G.J.; Vygantas, C.M. Birdshot Retinochoroidopathy. Arch.

Ophthalmol. 1984, 102, 214–219.
173. Rothova, A.; Berendschot, T.T.; Probst, K.; van Kooij, B.; Baarsma, G.S. Birdshot chorioretinopathy: Long-term manifestations and

visual prognosis. Ophthalmology 2004, 111, 954–959. [CrossRef]
174. Lages, V.; Skvortsova, N.; Jeannin, B.; Gasc, A.; Herbort, C.P., Jr. Low-grade “benign” birdshot retinochoroiditis: Prevalence and

characteristics. Int. Ophthalmol. 2019, 39, 2111–2120. [CrossRef] [PubMed]
175. Papadia, M.; Herbort, C.P., Jr. Indocyanine Green Angiography (ICGA) is Essential for the Early Diagnosis of Birdshot Chori-

oretinopathy. Klin. Monbl. Augenheilkd. 2012, 229, 348–352. [CrossRef] [PubMed]
176. Knecht, P.B.; Papadia, M.; Herbort, C.P., Jr. Early and sustained treatment modifies the phenotype of birdshot retinochoroiditis.

Int. Ophthalmol. 2013, 34, 563–574. [CrossRef] [PubMed]
177. Papadia, M.; Herbort, C.P., Jr. New concepts in the appraisal and management of birdshot retinochoroiditis, a global perspective.

Int. Ophthalmol. 2015, 35, 287–301. [CrossRef]
178. Maleki, A.; Look-Why, S.; Manhapra, A.; Asgari, S.; Philip, A.M.; Chang, P.Y.; Anesi, S.D.; Foster, C.S. Late recurrence in birdshot

chorioretinopathy. Can. J. Ophthalmol. 2021; epub ahead of print. [CrossRef]
179. Vitale, A.T.; Rodriguez, A.; Foster, C.S. Low-dose Cyclosporine Therapy in the Treatment of Birdshot Retinochoroidopathy.

Ophthalmology 1994, 101, 822–831. [CrossRef]
180. Papadia, M.; Herbort, C.P., Jr. Reappraisal of birdshot retinochoroiditis (BRC): A global approach. Graefes. Arch. Clin. Exp.

Ophthalmol. 2012, 251, 861–869. [CrossRef]
181. LeHoang, P.; Cassoux, N.; George, F.; Kullmann, N.; Kazatchkine, M.D. Intravenous immunoglobulin (IVIg) for the treat-ment of

birdshot retinochoroidopathy. Ocul. Immunol. Inflamm. 2000, 8, 49–57.
182. Cassoux, N.; Goichot-Bonnat, L.; Karmochkine, M.; Georges, F.; Kullmann, N.; Lehoang, P.; Kazatchkine, M. Efficacité et tolé-rance

des immunoglobulines intraveineuses dans le traitement de la rétinochoroïdopathie de type Birdshot [Efficacy of intravenous
immunoglobulin in the treatment of Birdshot retinochoroiditis]. J. Fr. Ophtalmol. 2002, 25, 23–30.

183. Kiss, S.; Ahmed, M.; Letko, E.; Foster, C. Long-term Follow-up of Patients with Birdshot Retinochoroidopathy Treated with
Corticosteroid-Sparing Systemic Immunomodulatory Therapy. Ophthalmology 2005, 112, 1066–1071.e2. [CrossRef]

184. Becker, M.D.; Wertheim, M.S.; Smith, J.R.; Rosenbaum, J.T. Long-Term Follow-Up of Patients with Birdshot Retinochoroidopathy
Treated with Systemic Immunosuppression. Ocul. Immunol. Inflamm. 2005, 13, 289–293. [CrossRef]

185. Leder, H.A.; Galor, A.; E Thorne, J.; Jabs, D. Disappearance of classic birdshot spots after immunosuppression with tacrolimus
and mycophenolate mofetil. Br. J. Ophthalmol. 2008, 92, 291. [CrossRef] [PubMed]

http://doi.org/10.3341/kjo.2019.0052
http://www.ncbi.nlm.nih.gov/pubmed/32037756
http://doi.org/10.1007/s12348-011-0027-9
http://doi.org/10.1007/s10067-014-2781-1
http://doi.org/10.3109/14397595.2015.1071234
http://doi.org/10.1080/09273948.2020.1820531
http://doi.org/10.1080/09273948.2021.1880604
http://doi.org/10.1016/j.jfma.2018.12.014
http://www.ncbi.nlm.nih.gov/pubmed/30616991
http://doi.org/10.3390/ijms21249608
http://doi.org/10.1136/bjo.86.12.1439
http://www.ncbi.nlm.nih.gov/pubmed/12446382
http://doi.org/10.1055/s-2004-812827
http://www.ncbi.nlm.nih.gov/pubmed/15162278
http://doi.org/10.1016/s0161-6420(99)90403-7
http://doi.org/10.1097/iae.0000000000000967
http://doi.org/10.1136/bjo.72.9.646
http://doi.org/10.1016/j.ophtha.2003.09.031
http://doi.org/10.1007/s10792-018-1050-8
http://www.ncbi.nlm.nih.gov/pubmed/30474776
http://doi.org/10.1055/s-0031-1299224
http://www.ncbi.nlm.nih.gov/pubmed/22496001
http://doi.org/10.1007/s10792-013-9861-0
http://www.ncbi.nlm.nih.gov/pubmed/24081916
http://doi.org/10.1007/s10792-015-0046-x
http://doi.org/10.1016/j.jcjo.2021.08.006
http://doi.org/10.1016/s0161-6420(13)31254-8
http://doi.org/10.1007/s00417-012-2201-7
http://doi.org/10.1016/j.ophtha.2004.12.036
http://doi.org/10.1080/09273940490912407
http://doi.org/10.1136/bjo.2007.120691
http://www.ncbi.nlm.nih.gov/pubmed/18227210


Pharmaceuticals 2022, 15, 398 36 of 36

186. Cervantes-Castañeda, R.A.; Gonzalez-Gonzalez, L.A.; Cordero-Coma, M.; Yilmaz, T.; Foster, C.S. Combined therapy of cy-
closporine A and mycophenolate mofetil for the treatment of birdshot retinochoroidopathy: A 12-month follow-up. Br. J.
Ophthalmol. 2013, 97, 637–643. [CrossRef]

187. Doycheva, D.; Jägle, H.; Zierhut, M.; Deuter, C.; Blumenstock, G.; Schiefer, U.; Stingl, K.; Januschowski, K.; Voykov, B.; Stuebiger,
N. Mycophenolic acid in the treatment of birdshot chorioretinopathy: Long-term follow-up. Br. J. Ophthalmol. 2014, 99, 87–91.
[CrossRef] [PubMed]

188. You, C.; Lasave, A.F.; Kubaisi, B.; Syeda, S.; Ma, L.; Wai, K.C.K.; Diaz, M.H.; Walsh, M.; Stephenson, A.; Montieth, A.; et al.
Long-term outcomes of systemic corticosteroid-sparing immunomodulatory therapy for Birdshot Retinochoroidopathy. Ocul.
Immunol. Inflamm. 2020, 28, 966–974. [CrossRef] [PubMed]

189. Sobrin, L. Daclizumab for Treatment of Birdshot Chorioretinopathy. Arch. Ophthalmol. 2008, 126, 186–191. [CrossRef]
190. Veld, P.I.H.I.H.; van Asten, F.; Kuijpers, R.W.; Rothova, A.; de Jong, E.K.; Hoyng, C.B. Adalimumab therapy for refractory birdshot

chorioretinopathy. Retina 2019, 39, 2189–2197. [CrossRef]
191. Steeples, L.R.; Spry, P.; Lee, R.; Carreño, E. Adalimumab in refractory cystoid macular edema associated with birdshot chori-

oretinopathy. Int. Ophthalmol. 2017, 38, 1357–1362. [CrossRef]
192. Mainguy, A.; Lebreton, O.; Masse, H.; Weber, M. Recurrence of inflammatory choroidal lesions on indocyanine green angiography

despite adalimumab treatment as monotherapy in two patients with birdshot retinochoroidopathy: Report of two cases. J. Fr.
Ophtalmol. 2021, 45, e103–e105. [CrossRef]

193. Leclercq, M.; Le Besnerais, M.; Langlois, V.; Girszyn, N.; Benhamou, Y.; Ngo, C.; Levesque, H.; Muraine, M.; Gueudry, J.
Tocilizumab for the treatment of birdshot uveitis that failed interferon alpha and anti-tumor necrosis factor-alpha therapy: Two
cases report and literature review. Clin. Rheumatol. 2018, 37, 849–853. [CrossRef]

194. Artornsombudh, P.; Gevorgyan, O.; Payal, A.; Siddique, S.S.; Foster, C.S. Infliximab Treatment of Patients with Birdshot
Retinochoroidopathy. Ophthalmology 2012, 120, 588–592. [CrossRef] [PubMed]

195. Burkholder, B.M.; Wang, J.; Dunn, J.P.; Nguyen, Q.D.; Thorne, J.E. Postoperative outcomes after fluocinolone acetonide implant
surgery in patients with birdshot chorioretinitis and other types of posterior and panuveitis. Retina 2013, 33, 1684–1693. [CrossRef]
[PubMed]

196. Ajamil-Rodanes, S.; Testi, I.; Luis, J.; Robson, A.G.; Westcott, M.; Pavesio, C. Evaluation of fluocinolone acetonide 0.19 mg
intravitreal implant in the management of birdshot retinochoroiditis. Br. J. Ophthalmol. 2020, 106, 234–240. [CrossRef] [PubMed]

197. Rush, R.B.; Goldstein, D.A.; Callanan, D.G.; Meghpara, B.; Feuer, W.J.; Davis, J.L. Outcomes of Birdshot Chorioretinopathy
Treated With an Intravitreal Sustained-Release Fluocinolone Acetonide–Containing Device. Am. J. Ophthalmol. 2011, 151, 630–636.
[CrossRef]

198. Bajwa, A.; Aziz, K.; Foster, C.S. Safety and efficacy of fluocinolone acetonide intravitreal implant (0.59 mg) in birdshot
retinochoroidopathy. Retina 2014, 34, 2259–2268. [CrossRef]

199. Cheng, S.K.; Thompson, I.; Okeagu, C.; Sen, H.N. Choroidal lesions unresponsive to fluocinolone acetonide intravitreal implant
in birdshot chorioretinopathy. Retin. Cases Brief Rep. 2022, 16, 56–58. [CrossRef]

200. Bajwa, A.; Peck, T.; Reddy, A.K.; A Netland, P.; Shildkrot, Y. Dexamethasone implantation in birdshot chorioretinopathy—Long-
term outcome. Int. Med Case Rep. J. 2018, 11, 349–358. [CrossRef] [PubMed]

201. Walsh, J.; Reddy, A.K. Intravitreal dexamethasone implantation for birdshot chorioretinopathy. Retin. Cases Brief Rep. 2017, 11,
51–55. [CrossRef]

202. Rivera de Zea, P.; García-Ben, A.; Rachwani Parshotam, N.; García-Campos, J.M. Dexamethasone intravitreal implant for treatment
of persistent macular oedema in Birdshot retinochoroidopathy. Arch. Soc. Esp. Oftalmol. 2016, 91, 138–141.

203. Terrada, C.; Bruneau, S.; Perrenoud, F.; Massin, P.; Souied, E. Utilisation de l’implant intravitréen de dexaméthasone dans le
traitement de la rétinochoroïdopathie de type birdshot [Role of intravitreal dexamethasone implant in the treatment of birdshot
retinochoroidopathy]. J. Fr. Ophtalmol. 2012, 35, 745–748. [CrossRef]

204. Shah, A.; Branley, M. Use of intravitreal triamcinolone in the management of birdshot retinochoroidopathy associated with
cystoid macular oedema: A case study over a three-year period. Clin. Exp. Ophthalmol. 2005, 33, 442–444. [CrossRef] [PubMed]

205. Martidis, A.; Duker, J.S.; Puliafito, C.A. Intravitreal triamcinolone for refractory cystoid macular edema secondary to bird-shot
retinochoroidopathy. Arch. Ophthalmol. 2001, 119, 1380–1383. [PubMed]

206. Gobuty, M.; Adhi, M.; Read, S.P.; Duker, J.S. Visual response and anatomical changes on sequential spectral-domain optical
coherence tomography in birdshot chorioretinopathy treated with local corticosteroid therapy. Int. J. Retin. Vitr. 2016, 2, 9.
[CrossRef]

http://doi.org/10.1136/bjophthalmol-2012-302123
http://doi.org/10.1136/bjophthalmol-2014-305535
http://www.ncbi.nlm.nih.gov/pubmed/25061107
http://doi.org/10.1080/09273948.2019.1641610
http://www.ncbi.nlm.nih.gov/pubmed/31567006
http://doi.org/10.1001/archophthalmol.2007.49
http://doi.org/10.1097/iae.0000000000002281
http://doi.org/10.1007/s10792-017-0592-5
http://doi.org/10.1016/j.jfo.2021.03.019
http://doi.org/10.1007/s10067-018-4007-4
http://doi.org/10.1016/j.ophtha.2012.05.048
http://www.ncbi.nlm.nih.gov/pubmed/23177362
http://doi.org/10.1097/iae.0b013e31828396cf
http://www.ncbi.nlm.nih.gov/pubmed/23549097
http://doi.org/10.1136/bjophthalmol-2020-317372
http://www.ncbi.nlm.nih.gov/pubmed/33243833
http://doi.org/10.1016/j.ajo.2010.10.005
http://doi.org/10.1097/iae.0000000000000239
http://doi.org/10.1097/icb.0000000000000909
http://doi.org/10.2147/imcrj.s164206
http://www.ncbi.nlm.nih.gov/pubmed/30555265
http://doi.org/10.1097/icb.0000000000000287
http://doi.org/10.1016/j.jfo.2012.01.002
http://doi.org/10.1111/j.1442-9071.2005.01048.x
http://www.ncbi.nlm.nih.gov/pubmed/16033372
http://www.ncbi.nlm.nih.gov/pubmed/11545651
http://doi.org/10.1186/s40942-016-0034-y

	Introduction 
	Pathophysiology and Classification of Non-Infectious Choroiditis: A Glimpse of the Essential 
	Diagnostic and Monitoring Methods: A Summary of the Relevant Techniques 
	Invasive Methods 
	Indocyanine Green Angiography (ICGA) 
	Fluorescein Angiography (FA) 

	Non-Invasive Methods 
	Fundus Autofluorescence (FAF) 
	Spectral Domain-Optical Coherence Tomography (SD-OCT) and Enhanced Depth Imaging OCT (EDI-OCT) 
	OCT Angiography (OCT-A) 
	Visual Field Testing and Microperimetry 


	Imaging Biomarkers of Inflammation in Non-Infectious Choroiditis and Monitoring of Therapeutical Intervention 
	General Principles of Immunomodulatory Therapy for Non-Infectious Choroiditis: A Brief Overview of the Main Agents Used 
	Corticosteroids 
	Immunomodulatory/Immunosuppressive Agents 
	Antimetabolites 
	Calcineurin Inhibitors (CI) 

	Biological Agents 

	Treatments and Novel Therapeutic Approaches of Non-Infectious Choroiditis 
	Choriocapillaritis 
	MEWDS 
	Acute Posterior Multifocal Placoid Pigment Epitheliopathy/Acute Ischemic Multifocal Choriocapillaritis (APMPPE/AMIC) 
	Idiopathic Multifocal Choroiditis (MFC) 
	Serpiginous Choroiditis (SC) 
	Tuberculosis Related Serpiginous Choroiditis (TB-SC) 
	Acute Syphilitic Posterior Placoid Chorioretinitis (ASPPC) 

	Stromal Choroiditis 
	Vogt-Koyanagi-Harada Disease (VKH) 
	HLA-A29 Birdshot Retinochoroiditis (BRC) 


	Conclusions 
	References

