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Abstract
Serpiginous choroiditis (SC) is a posterior uveitis displaying a geographic pattern of choroiditis,
extending from the juxtapapillary choroid and intermittently spreading centrifugally. The
choroiditis involves the overlying retinal pigment epithelium, and the outer retina. This intraocular
inflammation typically involves both eyes in otherwise healthy, middle-aged individuals with no
familial or ethnic predilection. Pathogenesis is unclear; however, based on limited histopathologic
studies, favorable response to immunosuppressive agents, and the absence of association with
systemic or local infectious or noninfectious diseases, an organ-specific autoimmune inflammation
seems likely to be the underlying process. Patients, particularly from tuberculosis-endemic
regions, may present with fundus changes simulating SC, but show evidence of active tuberculosis
and/or the presence of mycobacterial DNA in the aqueous humor. This has been referred to as
serpiginous-like choroiditis, but we prefer the description multifocal serpiginoid choroiditis
(MSC). We present the distinguishing features of SC and infectious multifocal serpiginoid
choroiditis simulating SC. The distinction is crucial to avoid unnecessarily treating SC with
antimicrobial agents. Advances in diagnostic and imaging modalities can help differentiate SC
from MSC. Novel local and systemic treatment approaches improve the outcome and preserve
vision in SC.
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I. Introduction
Serpiginous choroiditis (SC) is a descriptive term for an intraocular inflammatory disease
characterized by a geographic pattern of choroiditis that typically extends from the
peripapillary area and affects the overlying retinal pigment epithelium (RPE) and the outer
retina.84 This recurrent and progressive choroidal inflammation usually involves both eyes
and can cause irreversible damage to the photoreceptors with permanent vision loss if the
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process involves the fovea.2 Although likely there is an underlying autoimmune
pathogenesis, the specific trigger for this localized ocular immune process remains
unknown.102,185 Recent studies using polymerase chain reaction (PCR) and interferon
gamma release assay suggest that microorganisms may be the inciting
agents, 13,14,65,105,106,133,135 either through active proliferation or through induction of an
immune response against the microbes. Such an immune response may also target the uvea
and retina through a process of molecular mimicry. In most patients, however, diagnostic
studies seeking an infectious cause remain inconclusive; thus, the intraocular inflammation
is treated with corticosteroids and immunosuppresants without the use of anti-microbial
agents, on the assumption that this choroidal inflammation is driven by an underlying,
organ-specific, autoimmune disorder. 4,146,153,159,162,178,180

Since the last major review of SC,102 multiple breakthroughs have occurred with respect to
the pathogenesis, diagnosis, and treatment of this disease. These can be divided into four
groups: 1. etiology and pathogenesis of SC; 2. novel imaging modalities and their potential
diagnostic and prognostic importance; 3. new treatment approaches, both systemic and local;
and 4. the importance of differentiating idiopathic, presumed immune-mediated SC from
infectious serpiginoid choroiditis.137,160 In this review, the idiopathic noninfectious
choroiditis presenting with fundus changes of geographic choroiditis that extend from the
juxtapapillary choroid is described as serpiginous choroiditis, whereas the infectious
choroiditis presenting with fundus findings that simulate SC is described as multifocal
serpiginoid choroiditis (MSC),137 a designation that better reflects the clinical features of
infectious choroiditis and is preferable to the previously used serpiginous-like choroiditis.176

Although pathogenesis, etiology, and differential diagnosis of the SC and the mimicking
conditions remain a challenge, PCR studies to detect microbial DNA reveal that
Mycobacterium tuberculosis (MTB) and Herpes zoster infection play a role in the subset of
patients with MSC.”137 Differentiation of SC from the mimicking choroiditis is vital for
proper management and assessment of prognosis. We attempt to clarify the distinction
between SC and infectious choroiditis mimicking SC and propose an approach to the
diagnosis and management of SC.

II. Serpiginous choroiditis and synonyms
In 1900, Jonathan Hutchinson (Fig. 1), an English surgeon, dermatologist, and
ophthalmologist, first described SC as a unique pattern of choroidal inflammation
characterized by a creeping progression with active borders that, when healed, had the
appearance of “the borders of a continent in a map.”77 He clearly and precisely illustrated
the pattern of SC in patients with variable general health backgrounds, including those with
no known underlying disorder, patients with syphilis, and a patient with cervical
lymphadenopathy and pulmonary lesions likely caused by MTB. He even noted the
involvement of “internal parts of choroid and pigment layer.” 77 In 1970, Gass coined
serpiginous choroiditis to describe this entity with recurrences that usually begins in the
peripapillary area and spread centrifugally over a period of months or years in a serpiginous
or jigsaw puzzle-like distribution.51 Because of the variation in clinical presentation, this
choroiditis was also described by other names, including peripapillary chorioretinitis,52

helicoid peripapillary choroidal degeneration,46 geographic choroiditis,17 geographic
choroidopathy,68 and geographic helicoid peripapillary choroidopathy.149 All of these
entities have fundus appearances virtually identical to SC and should be considered one
clinical entity. Over time, the description serpiginous choroiditis has been commonly
accepted to describe this posterior uveitis. Despite our expanded understanding of the
presentation, natural course, and prognosis of SC, the pathogenesis of the choroiditis
remains enigmatic.
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III. Clinical features
SC may manifest with variable features, although a creeping pattern of choroiditis,
extending from the juxtapapillary area, with grayish yellow discoloration, minimal to no
inflammatory cell infiltration in the vitreous, and recurrences of the lesions at the margins of
the healed scars, is most commonly encountered (Fig. 2). 28,52,102 New lesions of SC present
insidiously and are usually symptomatic (Figs. 3 and 4).94 Patients may initially complain of
blurred vision, difficulty with reading, metamorphopsia, paracentral scotomas or other visual
field defects, or floaters.2,3,69,94 Visual acuity is typically 20/40 or less; however, it may
range from 20/20 to counting fingers at 1 to 3 feet. External and slit-lamp examinations
usually show a quiet eye. Anterior chamber and vitreous reaction, if present, is low-grade.31

Intraocular pressure remains normal. 69 The new lesions are characterized by well-
circumscribed patches of grayish-white or grayish-yellow discoloration at the level of the
deep retina and RPE. Such active lesions usually arise from the margins of healed lesions
(Fig. 4). These display a geographic pattern of choroidal atrophy associated with RPE
changes that extends from the peripapillary area (Fig. 5). Retina and RPE outside the
margins of active or healed lesions appear normal. Examination of the fellow eye may show
similar atrophic lesions in the juxtapapillary choroid.

Over weeks to months, the grayish-white lesions are replaced with mottled RPE, with or
without pigment epithelial hyperplasia and fibrosis. If left untreated, the signs of activity
may last for up to 9 months. 94 The simultaneous presence of active and healed lesions is
strong evidence for the diagnosis. 31,68 The healed inactive chorioretinal lesions appear as
geographic atrophic areas, with pseudopodial extensions and well-demarcated sharp borders,
with or without pigment epithelial hyperplasia at the borders.94

The natural course in untreated eyes is variable, but usually consists of multiple recurrences
of choroidal inflammation and progression over a period of months to years that may
eventually involve the fovea (Figs. 4 and 5).94 The frequency of recurrences depends
directly on the length of the follow up. Laatikainen and Erkkilä followed 15 patients with
SC for a period of 1-10 years. Choroiditis recurred over a span of 3 months to 4 years in 8
patients.94 About 50% of patients with SC are expected to have at least one recurrence in 5
years.182 In the absence of anti-inflammatory treatment, the choroiditis ends after 20 years
or more, leaving extensive chorioretinal scarring.

Serpiginous choroiditis is typically bilateral but asymmetric. At the time of presentation, the
symptoms may be restricted to one eye, and the second eye may have previously undetected
healed lesions from earlier bouts of choroiditis or may be normal with later development of
choroiditis.108 The average time between presentation in one eye and onset in the second
eye is about 5 years.31 Unilateral cases are more commonly reported from areas where
tuberculosis is endemic;60 and such cases might represent tuberculosis-related choroiditis
misclassified as SC.

Macular involvement occurs in up to 88% of untreated patients with SC.182 Also, in long-
standing, untreated cases, the lesions extend to the equator. Some patients present with
exclusive macular involvement; such cases may be sub-classified as macular SC. Rarely,
there is peripheral, multifocal, and unilateral involvement; 31,52 however, it is unclear
whether these lesions were in fact from SC or whether they were MSC caused by infectious
agents.

Macular serpiginous choroiditis
In about one third of patients the lesions arise initially or exclusively at the macula (Fig. 3-
A). Such a pattern of choroiditis is recognized as macular SC, 69,108,147 and presents with
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floaters, flashing lights, scotomas, and blurred vision.108,147 Diagnosis can be challenging
because new lesions usually lack the characteristic geographic atrophic scars,108 and the
juxtapapillary choroid may not be involved. The angiographic features of macular SC,
however, are identical to those of classic SC.69,108 The macular variant of SC may warrant
extensive investigations to rule out infectious etiology, including an aqueous or vitreous tap
to detect herpes virus or MTB by PCR. Similar-looking entities, such as age-related macular
degeneration, idiopathic subretinal neovascular membranes, retinal pigment epithelitis,
persistent placoid maculopathy, and acute posterior multifocal placoid pigment
epitheliopathy (APMPPE) are in the differential.56,57,69,108

Macular SC lesions bear a less favorable visual prognosis.108 Choroidal neovascularization
(CNV) develops more frequently. Three of seven patients with macular SC in one series
developed CNV.108 Since these patients usually have symptoms early in the course of the
disease, they often receive prompt treatment, resulting in less extensive involvement of the
posterior retina and choroid over the long term.2

IV. Epidemiology
The actual prevalence of SC in the general population is unclear, but uveitis series from
general ophthalmology practices, as well as from referral uveitis clinics, show that it is
rare.115 In a series of 213 uveitis patients seen by general ophthalmologists in the Los
Angeles area, there was not a single case of SC.115 In the same geographic area, however,
SC was reported in 2.7% of patients seen in a uveitis referral center.71 This difference may
reflect not only rarity, but also the possibility that early SC is underdiagnosed by general
ophthalmologists. The reported prevalence of SC also varies geographically. A referral-
based epidemiologic study found SC represented 18.9% of posterior uveitis cases in India.20

In this series, the SC is reported as “peripapillary geographic helicoid choroiditis.”20 In
contrast, the reported prevalence of SC in areas where tuberculosis is not endemic generally
varies from 1.6% to 5.3% of posterior uveitides (Table 1). The higher prevalence of SC in
India may reflect the inclusion of tuberculous choroiditis, which can mimic SC. Although
initial reports described SC in Caucasians, the disease has been observed in Asian, African
American, Middle Eastern, Asian Indian, and Spanish patients.20,60,95,157,161,181,186

Since SC as a separate uveitis entity was only recognized in the 1970s, it is not surprising
that it may have been misclassified as idiopathic posterior uveitis or as other uveitis entities
in the past.71 In a university uveitis clinic-based study in Rome, Pivetti-Pezzi and colleagues
reviewed 1417 endogenous uveitis cases between 1986 and 1993 and found 14 with SC
(1%).134 In two earlier series from the same institution, not a single case of SC had been
recognized in 1380 uveitis patients seen from 1968 to 1977 and 865 seen from 1978 to1985.

Affected individuals are typically middle aged, although the age range is 11 to 70 years.2,31

While the mean age at the time of initial diagnosis of SC in Caucasians is reported to be
from 43.4 to 59.1 years,17,22,44,54,69 in parts of the world where tuberculosis is endemic, the
mean age is 30.3 years2 which may reflect tuberculosis-related choroiditis cases
misclassified as SC. Most series reveal slightly increased prevalence among men compared
to women.2,68,69,149

V. Histopathologic features
Current knowledge about the pathogenesis of SC is limited, in part perhaps because of the
rarity of histopathologic studies documenting SC. While no active lesions have come to
histopathology, findings in clinically inactive lesions in long-standing SC are a moderate
mononuclear inflammatory cell infiltration of the choroid with focal aggregation of
lymphocytes.185 Fibrotic choroidal lesions are surrounded with variable degrees of RPE
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hyperplasia and defects in Bruch membrane with atrophic choriocapillaris, RPE, and
photoreceptors.24,52 Choroidal vessels in unaffected areas are unremarkable, and a few
retinal vessels show moderate lymphocytic infiltration.

VI. Etiology/pathogenesis
The etiology of SC has always been a subject of speculation, with degenerative,
autoimmune, and/or infectious processes are considered (Table 2).17,78,113 Recurrent
choroiditis with creeping serpentine progression occurs in healthy individuals with no ocular
symptoms, as well as in patients with clinical or laboratory evidence of ocular or systemic
infections.52,77,94 A unifying, underlying ocular or systemic pathogenesis is lacking.
Patients with SC are typically in good general health. Anecdotal association with conditions
such as diabetes mellitus,182 systemic lupus erythematosus,48 Crohn disease,173

hypertension,108,182 non-Hogdkin lymphoma,140 auto immune thrombocytopenic
purpura,118 celiac disease, 118 extrapyramidal dystonia,142 lung carcinoma,102

antiphospholipid antibody syndrome,168 and vitamin A deficiency108 appears to be co-
incidental.43,118,142,173 Additionally, while fluorescein and indocyanine green angiography
of active lesions demonstrate predominant choriocapillaris involvement,24,54,55 there is no
systemic vasculitis.44 Moreover, SC has no known association with occupational or
environmental exposure to toxic substances.

The fundus changes seen in SC and the preferential involvement of middle-aged individuals
prompt consideration of a degenerative process as the underlying mechanism,46, 113 but
degenerations are generally associated with accumulation of acellular material and loss of
tissue, which is not supported by clinical, imaging, and histopathologic studies of SC.51,95

The asymmetric development in the two eyes, lack of familial aggregation, and late onset
militate against a hereditary dystrophic process.113, 185

Angiographic studies reveal that choriocapillaris occlusion is a major feature of SC.31,94 The
contribution of vascular endothelial cell injury to the choriocapillaris 24 in patients with SC
was studied by measuring levels of Von Willebrand factor in eight patients with SC.92 The
mean activity was about twice as high in patients with SC compared to the disease-free, age-
and sex-matched control group. The authors suggested SC may represent an occlusive
vascular phenomenon involving choroidal circulation in some patients.92 Meanwhile,
scleroderma, polymyalgia rheumatica, and Raynaud’s phenomenon, which are typically
associated with elevated levels of Von Willebrand factor, are not associated with SC.

A. Autoimmune
The higher frequency of HLA-B7, HLA-A2, HLA-B8 and HLA-Dw3 in patients with SC
compared to the general population may suggest an underlying, genetically predisposed
autoimmune process 18,44,118,94 There is no consistent association of these HLA frequencies
and any systemic autoimmune disorders in SC patients. SC patients manifest auto-reactivity
of circulating lymphocytes to retinal S antigen.26 Broekhuyse and colleagues investigated
immune responsiveness to retinal S antigen and opsin by in vitro lymphocyte proliferation,
leukocyte migration inhibition, and enzyme-linked immunosorbent assays in SC, APMPPE,
and retinitis pigmentosa. They found immune reactivity to retinal S antigen, but not to opsin
in SC, in contrast to APMPPE or retinitis pigmentosa.26 This may imply an organ-specific
autoimmune process directed at the outer retina, the site richly endowed with S antigen, with
secondary choroid and RPE involvement.26 Nevertheless, clinical observation and
fluorescein and indocyanine green studies revealed that in active lesions, the inflammatory
processes are mainly localized to the choriocapillaris and RPE cells. Moreover, such an anti-
S antigen immune response could be an epiphenomenon from extensive damage to the retina
by SC, unlike APMPPE and retinitis pigmentosa. The favorable response of SC
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inflammation to immunosuppressive agents supports a substantial contribution of immune
processes in pathogenesis, but the triggering event for this localized inflammatory response
remains unclear. While the triggering event for the initiation or perpetuation of the choroidal
and RPE inflammation is still obscure, it is thus justified to consider SC as an “idiopathic”
intraocular inflammation with a possible organ-specific autoimmune process.

B. Infectious
Microbial infections have been suspected as possible inciting agents since the initial report
by Hutchinson, who associated SC with both syphilis and tuberculosis. 77, 183 Subsequently,
there have extensive attempts to detect infectious agents in SC. In a series of fifteen patients,
Erkkilä and Laatikainen44 conducted a long list of laboratory tests looking for infectious
disease. They detected no antibodies against Toxoplasma gondii, ornithosis, or Mycoplasma
pneumonia. Also, antibody titers against vaccina virus, herpes simplex virus (HSV), herpes
zoster virus (VZV), cytomegalovirus (CMV), adenovirus, influenza virus A and B,
parainfluenza 1, 2, and 3, mumps virus, respiratory syncitial virus, rubella, rubeola, reovirus,
polio virus 1, 2, and 3, and coxsackie virus A7, A9 and B5 were negative. Seven of fifteen
patients had elevated antistreptolysin titers, but none had a detectable focal streptococcal
infection. In the same series, nine patients had a positive tuberculin skin test (TST).
Although they suggested mycobacterial infection was a possible etiologic agent,44 such
positive skin tests could be from latent tuberculosis, unrelated to the SC. None of their
patients had evidence of active mycobacterial infection.44 Proposed infectious etiologies for
SC can be grouped as bacterial, viral, protozoal, and fungal. 106,113

1. Bacteria—Although serpiginous or multifocal serpiginoid lesions have been reported in
a few patients with syphilis,50,72 presumed or definite MTB is the most often considered
underlying bacterial infection. Following Hutchinson’s report of SC in a presumed
tuberculosis patient,71 the association between a geographic pattern of choroiditis and
tuberculosis was emphasized by Witmer in 1952 and by Schlaegel in 1969.150 In 1970,
Maumenee reported a high incidence of sensitivity to TST in patients with geographic
choroiditis.113

Of the 9 patients with positive TST mentioned above, two had a history of pulmonary TB,
and two had a history of TB in their family members. 44, 94 However, anti-tuberculosis
treatment failed to halt the progression of the lesions, suggesting that active mycobacterial
infection was not the etiology of the choroiditis.87 Likewise, other series from areas where
tuberculosis is not endemic found that most patients with SC had no evidence of active or
prior tuberculosis infection.31, 171 Furthermore, in such patients, tuberculosis reactivation
did not occur following the immunosuppressive treatment. In non-tuberculosis-endemic
regions, MTB is unlikely to be the cause SC. Moreover, the epidemiologic, clinical, and
prognostic features of patients with SC reported in non-endemic areas differ significantly
from those where MTC is endemic.171

2. Viruses—Herpes viruses are proposed etiologic agents of SC.52,54,55,135,143 Gass
described a patient who presented with Herpes zoster ophthalmicus who showed fundus
changes of SC and suggested VZV as the etiologic agent. 52 Interestingly, a recent PCR
study from a tuberculosis-endemic country found VZV and HSV DNA in the aqueous
humor of patients with SC.135 In this study, aqueous humor samples from nine patients with
recurrent active SC were studied for VZV, HSV, and CMV by conventional virus cytology,
culture, and PCR techniques.135 All were macular SC, with or without associated
peripapillary lesions, with a negative TST and a normal chest X-ray. While culture and
cytology were negative for HSV, VZV, and CMV, the PCR results, confirmed with gel
electrophoresis and DNA sequencing, showed the presence of the VZV genome in five
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patients and the HSV genome in one. Three were negative for either virus.135 The authors
suggested that choroidal inflammation may be triggered or perpetuated by herpes virus
infection.135 Although it is unclear whether antiviral treatment can halt choroiditis
progression or recurrence in such herpes virus-related SC, they recommend performing
herpes virus PCR studies in those cases of SC with rapid progression associated with vitritis
that present with lesions in the macula.135 Unlike idiopathic SC, these virus-associated cases
have multifocal lesions, primarily involving the macula, with vitritis and anterior chamber
cellular reaction. In contrast, in another PCR study on a long-standing, documented SC eye
obtained at autopsy, testing was negative for HSV, VZV, EBV, CMV, and human herpes
virus-8.6 Although anti-hepatitis A antibodies were detected in one series from Finland, this
was attributed to the high prevalence of such antibodies in the population.44

3. Protozoa—A few investigators consider Toxoplasma gondii a possible etiologic agent
for SC.18,44,106 Chorioretinal scars of toxoplasma retinochoroiditis may resemble old,
inactive SC lesions.52, 106 While active lesions usually arise from the borders of old scars in
both conditions, toxoplasma retinochoroiditis-unlike SC-produces primarily retinal lesions
with accompanying vitritis. In some studies of SC, testing for anti-toxoplasma antibodies
gave negative results.33,94,146 Moreover, detection of anti-toxoplasma immunoglobulin G in
a patient with typical serpiginous lesions, but without vitreous inflammation, may merely
indicate a previous encounter with the organism.17

4. Fungi—Intraocular fungal infections have a fulminant course and are unlikely to be
confused with SC. A recent PCR study, however, has raised the possibility that Candida sp
may cause SC.133 In four of five patients with SC, Candida DNA, Candida antigens, and
high serum titers of antibodies against Candida species were detected.133 This has not been
confirmed by other investigators.

Although various infectious agents are proposed as potential etiologic agents for SC and
MSC, these are two distinct entities with different clinical manifestations and management.
SC presents with lesions that originate from the peripapillary region and extend from
borders of pre-existing lesions with finger-like projections. The active lesions in SC respond
to immunosuppressive agents. In patients with presumed or PCR-proven infectious
multifocal serpiginoid choroiditis, the changes consist of multifocal active or healed
choroiditis lesions displaying irregular margins that are usually associated with a vitreous
cellular inflammatory reaction. These multifocal lesions require treatment with anti-
microbial agents, with or without systemic corticosteroids (Table 3).

VII. Laboratory tests and imaging studies
In typical SC, the fundus appearance may suffice for clinical diagnosis, but laboratory
investigations are recommended to rule out infectious causes, particularly those with a
fundus appearance simulating SC, before initiating immunosuppressive treatment.
Moreover, various imaging studies are usually needed in cases of atypical presentation of
SC to determine activity and to monitor disease progression (Table 4). These imaging
studies can help evaluate response to treatment and detect complications such as choroidal
neovascularization.

A. Laboratory tests
The diagnosis of SC requires ruling out SC-mimicking conditions, primarily tuberculosis,
syphilis, and herpetic infections. In patients with typical SC who are from an area where
tuberculosis is not endemic and who have no prior history of contact with tuberculosis, a
negative TST, negative syphilis serology, and normal chest x-ray are usually sufficient.
Noninfectious choroiditis typically extends from the juxtapapillary area, without significant
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vitritis or anterior chamber reaction. In contrast, atypical features, such as multifocal
choroidal lesions, peripapillary choroid sparing, and significant anterior chamber or vitreous
cellular reaction, mandate further investigations. In such patients, tuberculosis work up,
syphilis serology, and anterior chamber or vitreous fluid analysis by PCR for MTB, VZV,
and HSV may be required.

B. Imaging and other ancillary diagnostic tools
Fluorescein and indocyanine green angiography help support the diagnosis and management
of SC and the early detection of complications, including subretinal neovascular membrane
formation.54,55,78 Recently introduced imaging modalities, such as optical coherence
tomography (OCT), fundus autofluorescence imaging, and microperimetry, have gained
importance in delineating RPE changes, retinal damage, and the extent of retinal/choroidal
involvement. Table 4 summarizes typical clinical and imaging features of SC in new lesions,
recurrences, and healed lesions.

1. Fluorescein angiography—Active SC lesions display hypofluorescent patches with
irregular, poorly-defined borders during the early phase of fluorescein angiography (FA)
(Figs. 3-E,4-B). This hypofluorescence probably results from choriocapillaris hypoperfusion
and blocked fluorescence as a result of edematous RPE and retina.31,108,111,148,149 In the
mid-phase angiogram, a prominent hyperfluorescence may appear at the borders of the
lesion (Fig. 4-C). This is due to leakage from the bordering choriocapillaris. Focal areas of
retinal vasculopathy may occasionally light up as retinal vessel wall staining. 47,52 In the late
phases of FA, the entire active lesion demonstrates a fairly uniform or spotty
hyperfluorescence caused by leaking from the large choroidal vessels (Fig. 3-H).68,111,149

On the other hand, healed lesions show angiographic evidence of destruction of the RPE and
choriocapillaris.52 In clear contrast to the lesions of active choroiditis, these healed lesions
demonstrate hypofluorescence with sharp margins in the early and mid-phase angiograms as
a result of choriocapillaris damage and blockage from RPE hyperplasia (Fig. 2-B). In late
phases, healed lesions show a variable amount of staining at the borders from leakage of the
large choroidal vessels and surrounding choriocapillaris. 17,52,68,94,148,149 The presence and
severity of the pigment epithelial atrophy and hyperplasia, subretinal fibrosis, and choroidal
atrophy modify the FA appearance of the healed lesions. Fluorescein angiography is also
helpful for detection of choroidal neovascularization, a complication of SC.

2. Indocyanine green angiography—According to Giovannini et al.54,55 and supported
by others, 11,24,34,148,165 SC lesions can be reclassified into four stages rather than just
active and healed lesions. The indocyanine green angiography (ICGA)-based classification
includes a subclinical or choroidal phase, an active phase, a sub-healing phase; and an
inactive healed phase.

In the subclinical or choroidal phase, in which the inflammation is limited to the
choriocapillaris and has not yet involved the overlying RPE and retina, fundus examination
and FA show no signs of choroiditis; however, ICGA reveals choriocapillaris nonperfusion
as hypofluorescent patches. These hypofluorescent patches progress to active and visible
choroiditis with an overlying yellowish-white retinal lesion54,55 that may show two patterns
in ICGA. The more common pattern is characterized by early and late hypofluorescent
patches with ill-defined margins that are larger than reciprocal FA lesions. Margins of active
lesions may show hyperfluorescence during the late phases. The less common pattern is
early hypofluorescence with faint edges and late leakage and hyperfluorescence. With anti-
inflammatory treatment, the size and intensity of ICGA lesions decrease.54,55 In sub-healing
choroidal lesions, choroidal permeability alteration, usually adjacent to a recently healed
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active patch, can only be detected by ICGA as a slight, late hyperfluorescence.54,55 Healed
lesions show early and late hypofluorescence with well-defined margins. These
hypofluorescent patches indicate irreversible loss of choriocapillaris and consequent
choroidal atrophy 24 (Fig. 6) and may be non-uniform because of the altered pigmentation of
the choroid and RPE and the variable preservation of the larger choroidal vessels.54,55. The
practical role of this ICGA classification in differential diagnosis and management of SC
and mimicking conditions is unclear.

3. Optical coherence tomography—Characteristic OCT features of active SC lesions
include photoreceptor layer disruption associated with outer retinal and choriocapillaris
hyperreflectivity.27,49 In active choroiditis, the outer retina shows a uniform increased
reflectivity, but the inner retina is usually spared. Outer retina may appear hyperreflective in
healed lesions also, but in contrast to the active phase, outer retinal hyperreflectivity in
healed lesions originates from RPE proliferation and migration. Consequently, outer retinal
hyperreflectivity in healed lesions is more granular and non-uniform. Retinal and RPE
inflammation in active choroiditis is often associated with limited subretinal fluid overlying
the area of choroiditis. Although active and healed lesions share similarities in OCT
features,14 they are usually differentiable based on the findings mentioned above. Also,
retinal thickness is normal or slightly increased in the active choroiditis phase,49,136,174 but
in a healed lesion, it is mildly attenuated because of outer retinal atrophy.27

Choroid may also appear hyper-reflective on OCT. This increased choroidal reflectivity is
described as a “waterfall effect” and is attributed to inflammatory cell infiltration of the
choroid.49 The choroidal hyperreflectivity in healed SC lesions is attributed to enhanced
light transmission through overlying RPE atrophy. Choroidal visualization is limited in
contemporary time-domain and spectral-domain OCT methods. Novel enhanced depth
spectral domain-OCT imaging may provide more details on the thickness and reflectivity of
the choroid in active SC.

Given the higher resolution and point-to-point registration of the OCT scans to the retinal
image in spectral domain-OCT (SD-OCT), this modality reveals detailed retina and RPE
structure and may prove useful in detection of choroiditis activity and follow-up
examinations.136 Conventional SD-OCT features of SC are as mentioned above. En-face
imaging of the retina in active phase of choroiditis showed the exact location of SC lesions
in relation to other retinal structures. 174 As in conventional OCT B-scans, inner retinal
layers appeared normal in en-face SD-OCT images.174

Active and healed SC and MSC share similar features in SD-OCT imaging. In contrast, SD-
OCT may provide valuable information for differentiating active SC lesions from the lesions
seen in multifocal choroiditis. While disturbances are usually limited to the outer retina in
SC, active multifocal choroiditis lesions show inner retinal hyperreflectivity, indicating a
full-thickness retinal inflammation174After the resolution of active choroiditis, healed
multifocal choroiditis lesions display outer retinal hyperreflectivity (Fig. 7-E).

While physical examination, FA, and ICGA are traditionally used for diagnosis and follow-
up of SC patients, the non-invasive OCT provides additional details on the development and
extent of complications such as cystoid macular edema, subretinal fluid, epiretinal
membrane, and subretinal neovascularization. 49,136,174

4. Fundus autofluorescence—Fundus autofluorescence (FAF) signals are mainly
derived from lipofuscin accumulation within the RPE cells and indirectly reveal changes in
the RPE layer. The FAF imaging is sufficiently sensitive to detect early damage to the RPE
in acute and chronic episodes of SC.14,27 In the early stages, new lesions show a slight
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hypoautofluorescence, probably due to the masking effects of edematous outer retina on
normal RPE autofluorescence. Within two to five days after the appearance of the active
lesion, autofluorescence increases gradually, and hyperautofluorescent areas admixed with
hypoautofluorescent areas appear (Figs. 3-C and D). These may correspond to the
accumulation of lipofuscin in the stressed RPE. The brief latency between the appearance of
whitish-yellow patches of choroiditis and the development of hyperautofluorescence is
attributed to the time needed for the RPE cells to accumulate sufficient fluorophores.27 A
weak hyperfluorescence halo that appears around the borders of some active lesions
originates from thickening of the normal surrounding RPE cells pushed by edema of the
involved RPE (Fig. 3-C).27 Within a few days, a hypoautofluorescent rim surrounds the
hyperautofluorescent patches of the active lesions. This rim is the result of the
corresponding RPE depigmentation seen on ophthalmoscopy.27 Within weeks, central
hyperautofluorescence turns from a granular to a speckled pattern. With progression of the
disease, and entering into the healing phase, fundus autofluorescence of the involved area
decreases gradually until undetectable.27 This progressive shift from hyper- to
hypofluorescence reflects progressive atrophy and degeneration of the RPE cells in the
healed lesions.

With each exacerbation, new areas of hyperautofluorescence appear at the borders of
hypoautofluorescence areas.187 Fundus autofluorescence images correspond well with the
area of involved RPE and provide a precise delineation of the RPE alteration, allowing
clinicians to evaluate the relationship of the lesions to the fovea. Notably, the multifocality
of the lesions in MSC is better appreciated in FAF images (Figs. 7A and 7B and Fig. 9).
Noninvasive FAF provides a unique tool to monitor progression and remission.27

The autofluorescence of the lesions may be influenced by treatment. Lesions treated early
with corticosteroids reveal less hypofluorescence compared to those not treated during their
active stage, suggesting that the anti-inflammatory treatment reduces damage to the RPE.27

5. Perimetry/microperimetry—Visual acuity hardly indicates the full visual impact of
SC lesions, which may extensively affect extrafoveal areas with resulting visual field defects
that correspond to the active choroiditis and inactive atrophic areas. Dense scotomas related
to both central and peripheral lesions have been well documented using Goldmann
perimetry and Amsler grid testing.17,132,182 Visual field studies also confirmed the
preservation of the inner retinal layers, including the nerve fiber layer, in the presence of
severe outer retinal destruction. Even in the presence of serpiginous atrophic scars in the
papillomacular bundle, the absence of foveal involvement leaves the central vision
unaffected.149

If foveal function is compromised and the patient has unstable or extrafoveal fixation,
conventional perimetry is not accurate enough to record the full functional impact of the
inflammation and resultant scarring.132 Microperimetry, with point-to-point quantification
of retinal sensitivity and projection onto the corresponding retinal areas in fundus
photography, precisely maps dense scotomas related to active lesions and atrophic areas.132

These scotomas are surrounded by a relative loss of retinal sensitivity in about one third of
the involved eyes.132 Relative scotomas detected in about one third of these patients are
attributed to subclinical lesions. Such lesions are not apparent on fundus examination, and
FA and may correspond to the hypofluorescent patches of subclinical lesions in ICGA
studies.122 The presence of such areas may indicate wider distribution of choriocapillaris
circulation abnormalities and the propensity for development of new lesions in areas beyond
apparent active or healed lesions.132
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6. Retinal electrophysiology and other tests—Most retinal electrophysiology
measures mass responses elicited from the entire retina and focal, non-extensive serpiginous
lesions have a near normal full field electroretinogram.17,31,52,68,182 Nevertheless, extensive
involvement and destruction of the retina in long-standing, untreated cases of SC result in a
subnormal electroretinogram. 17,31,68 Electro-oculograms may also show subnormal values
in patients with extensive lesions. 17,31,94

Color vision may be normal or subnormal, depending upon the extent of foveal involvement.
Patients with foveal involvement and subnormal color vision do not show any differentiating
pattern.17

Ultra-widefield digital retinal imaging systems provide a view of the posterior segment out
to anterior equator (Fig. 8A).155 These systems incorporate color fundus imaging,
fluorescein angiography, and fundus autofluorescence imaging.

In a given patient presenting with serpiginous or serpiginoid choroiditis, initial imaging
should include color photography to document new and healed lesions and to allow
comparison with those obtained at follow-up examinations. In addition, we recommend FA
to reveal active progressing choroiditis at the margins of pre-existing changes and to
differentiate active and healed lesions. ICGA, which demonstrates choriocapillaris
involvement in SC, may not be required because the practical value of ICGA findings is not
clear. In contrast, OCT specifically delineates the extent of damage to retina, RPE and inner
choroid.

We use SD-OCT in all patients for the detection of complications such as cystoid macular
edema, epiretinal membrane, and subretinal neovascularization. Outer retinal involvement
versus full thickness retinal involvement, as revealed by SD-OCT, may be a differentiating
feature for SC and multifocal choroiditis. FAF is useful for delineating multifocal lesions, as
seen in MSC.176 Moreover, FAF reveals the extent of inflammatory insult to RPE during the
active and healed stages of the disease. FAF provides additional information regarding the
extent of permanent damage to RPE as shown by the loss of autofluorescence.
Microperimetry and multifocal ERG are functional tests, and selected cases may benefit
from documentation of the size and degree of retinal damage but are not routinely
performed.

VIII. Differential diagnosis
The diagnosis of SC with typical fundus changes, particularly from those regions where
tuberculosis is not endemic, remains clinical and relatively straightforward. But SC with
atypical clinical findings should be differentiated from the infectious choroiditis with
clinical features that simulate SC. Mycobacterium tuberculosis, herpes viruses, and
treponema pallidum are the main infectious causes of choroiditis that may present with
fundus features mimicking SC. Various Idiopathic choroiditis and degenerative macular
diseases may also manifest retinal and choroidal features simulating SC.

A. Multifocal serpiginoid choroiditis; Serpiginous-like choroiditis
1. Tuberculous choroiditis—This entity is characterized by multifocal choroidal lesions
of varying size and shape. Each lesion mimics the fundus changes and angiographic features
of SC. Such MSC lesions are seen in patients with tuberculosis; however, they can be
observed in herpetic viral infections and syphilis. The serpiginous–like/multifocal
serpiginoid choroiditis is a feature of intraocular tuberculosis and this infectious uveitis
presents as posterior uveitis. 23,39,62,63,66,70 The uveitis associated with intraocular
tuberculosis may manifest as choroidal/subretinal granuloma, focal retinitis and retinal
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vasculitis, multifocal choroiditis, miliary choroidal lesions, and choroiditis mimicking
SC. 23,39,62,63,66,117,120,156

Using molecular methods, Gupta et al demonstrated MTB DNA in the ocular fluids of a
group of patients with features of MSC. All such PCR-positive cases were from tuberculosis
endemic countries.65 Despite some similarities between tuberculosis-associated MSC and
non-tuberculous idiopathic SC, the former can be differentiated from idiopathic
noninfectious SC (Table 5).65,104,176, 189 Patients with PCR-supported or presumed
tuberculosis-related serpiginous-like choroiditis are primarily from countries where
tuberculosis is endemic, emigrated from such countries to non-endemic regions, or have a
history of contact with active pulmonary tuberculosis. 65,66,76,175Unlike in typical SC, the
ocular involvement in tuberculosis-related MSC is mostly unilateral, with multifocal,
irregular, serpiginoid lesions involving the posterior pole, mid-periphery, and periphery,
(Fig, 9) but usually sparing the juxtapapillary area (Fig, 7).180 However, peripapillary
choroid may be involved in advanced cases of multifocal serpiginoid choroiditis (Fig, 9).
The multifocality and sparing of the juxtapapillary choroid is detected better with a fundus
autofluorescence (Figs. 7 A, B). In contrast to patients with the typical (noninfectious) SC,
those with tuberculosis-related MSC have a prominent inflammatory cellular reaction in the
vitreous, usually with a cellular reaction in the anterior chamber. The progressive course of
the choroiditis and the development of new lesions usually stop with anti-tuberculosis
treatment. In contrast to tuberculosis-associated MSC, patients with typical SC are usually
from areas where tuberculosis is not endemic. TST/interferon gamma release assay (IGRA)
and chest x-ray are negative. They are successfully managed with corticosteroids and other
immunosuppressive agents without antimicrobials. SC is rarely multifocal, primarily
involves the posterior pole--especially around the optic disc--and extends contiguously in a
centrifugal pattern.175

Angiographic features of both typical SC and presumed tuberculosis-associated serpiginous-
like choroiditis lesions appear similar, with early blockage and late staining of the active
lesions and central hypofluorescence/peripheral hyperfluorescence of inactive lesions (Figs.
3 and 6). 10,176 The difference in distribution of the lesions is more striking in fundus
autofluorescence. In tuberculosis-associated serpiginous-like choroiditis,
hypoautofluorescence patches related to RPE defects are multiple and discrete with an
irregular geographic or serpentine pattern or like pieces of a puzzle. But in SC, there is a
large geographic loss of RPE surrounded by hypertrophic/hyperplastic RPE. Spectral
domain-OCT reveals outer retinal disruption and increased outer retinal and choroidal
reflectivity in the involved areas in both conditions. 175

The definite diagnosis of tuberculosis-related uveitis is made when MTB is cultured from
intraocular fluid samples or detected with staining methods, but this is rare. 25 In recent
years, PCR-based detection of MTB DNA in ocular fluids has provided evidence supporting
the diagnosis of tuberculosis-related uveitis simulating SC.61,65,66,167 Nonetheless, obtaining
tissue samples from the eye for microbiologic or molecular studies is not always possible
and may be associated with vision-threatening complications. Thus, ophthalmologists
mainly rely on a combination of history, clinical findings, and investigations such as chest x-
ray, TST/IGRA to arrive at an etiology of MTB uveitis.1,65,67,66,177 The sensitivity and
specificity of chest x-ray, chest CT-scan, TST, or a combination of the three are, however,
limited. 116,177

Interferon gamma release assay is more specific than the TST in identifying MTB infection/
encounter, but not more sensitive. 13 IGRA is useful when there is a history of Bacillus
Calmette-Gurein (BCG) vaccination, because, unlike TST, IGRA is negative in such
patients.13 However, IGRA, like TST, cannot distinguish latent TB from active infection,
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and the advantage of IGRA over TST is minimal for use as a screening tool in developed
countries with a low incidence of tuberculosis.9 In addition, IGRA use in immunosuppressed
patients and those receiving immunosuppressive treatment and during the follow-up period
of anti-tuberculosis treatment is not well studied. 9,13 A negative IGRA does not exclude a
diagnosis of tuberculosis and should be interpreted with caution. On the other hand, a
positive IGRA is suggestive of tuberculosis encounter (latent tuberculosis) but does not
necessarily signify the presence of an active infection requiring anti-tuberculosis
medication.9 Despite their shortcomings, both TST and IGRA improve the diagnosis of
intraocular tuberculosis. 9,13,104,169 A positive IGRA should prompt further clinical and
laboratory investigations for systemic tuberculosis, and in selected cases, the analysis of
intraocular fluids by PCR.104 A therapeutic trial of anti-tuberculosis treatment may even be
warranted when there is a strong clinical suspicion of tuberculosis, even in the absence of
positive TST/IGRA.66, 114

Tuberculosis-related multifocal serpiginoid choroiditis is not usually accompanied by signs
of active or healed pulmonary tuberculosis on chest X-ray. 65, 66, 104 All patients with MTB-
associated SC in our series had a highly positive TST with normal chest radiographs, and
there was no evidence of tuberculosis elsewhere.176 Moreover, while a high resolution chest
CT scan increases the probability of detecting pulmonary tuberculosis, novel imaging
approaches, like PET scans, may prove more sensitive in detecting hilar adenopathy.40,41

The pathogenesis of tuberculosis-associated MSC remains unclear. This choroiditis may
represent a reactivation of dormant foci of mycobacteria in RPE cells.138 The RPE cells may
serve as an ocular sanctuary for the dormant MTB bacilli and there are similarities between
these cells and alveolar macrophages, where the bacteria are known to remain dormant.138

Continued or even paradoxical worsening of choroiditis after anti-tuberculous therapy is
attributed to an enhanced host immune response to released tubercular antigens in a Jarisch-
Herxheimer-like mechanism.64 In a series of tuberculosis-related MSC, 14% showed
continued progression of the choroiditis despite standard anti-tuberculosis treatment. These
cases were only controlled after administration of high-dose systemic corticosteroids or the
addition of immunomodulatory agents to the anti-tuberculosis regimen,64 indicating a
prominent role of immune reaction to the mycobacteria. Similar immune reactivation is
reported in tuberculosis meningitis and pericarditis, requiring corticosteroids. 85,131

In a recent report of 70 patients diagnosed with SC in India, only 5 (7.1%) had evidence of
MTB infection based on TST.2 Such report indicates that anti-tuberculosis medications
should be used judiciously even in tuberculosis-endemic regions considering the potential
side-effects of these agents.2,14,104,170

2. Herpetic choroiditis—Herpetic infection may manifest with features simulating
SC.105 Priya and colleagues analyzed aqueous humor samples from nine patients who
presented with features simulating SC with an anterior chamber cellular reaction, Using
PCR, they detected herpes viral DNA.135 In patients with atypical features of SC and rapid
progression, especially if the macula is the primary site of involvement, further investigation
may be warranted, including aqueous humor analysis by PCR for herpes viruses. Empirical
coverage with acyclovir while on high-dose corticosteroids and immunomodulatory agents
may also be prudent.

3. Syphilitic choroiditis—Syphilis chorioretinitis and its sequelae are seen in secondary
and tertiary syphilis. Posterior placoid chorioretinitis 172 described in late latent syphilis may
mimic SC; 50,77 however, a cellular inflammatory reaction is more prominent in syphilis,
and the lesions tend to be multifocal. 172 The Centers for Disease Control and Prevention
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(CDC) still recommend initial screening with non-treponemal tests (such as VDRL and
RPR) and confirmation of the positive or borderline results with treponemal tests (like FTA-
ABS or MHA-TP). But since ocular syphilis mainly presents during the late phases of the
disease, when non-treponemal tests show only 70% sensitivity to detect the infected cases,
most uveitis experts order a combination of non-treponemal and treponemal tests. 29

B. Idiopathic multifocal choroiditis
Idiopathic multifocal choroiditis (MFC) might be confused with an atypical form of SC or
MSC. Lesion size and distribution, clinical course, and patient age help to differentiate these
entities.42,88 The ophthalmic hallmarks of MFC include the presence of variable numbers of
200-1000 μm, yellow-white chorioretinal lesions distributed in the posterior pole and the
equatorial area (Fig. 10). Healed lesions demonstrate a well-demarcated, punched-out
appearance, surrounded by pigment clumping (Fig. 10). Vitreous and anterior chamber
inflammatory reactions may be prominent in MFC patients, who are typically young myopic
women. Similarly, punctate inner choroidopathy (PIC) usually involves young myopic
women; however, the lesions in PIC are smaller (100-300 μm) 53 than those of MFC and
SC. New lesions may appear during the follow-up period, and cystoid macular edema and
CNV are the main causes of visual morbidity in MFC. Fluorescein angiographic features of
the active lesions are similar to those of SC, with early hypofluorescence and late
hyperfluorescence. Healed lesions similarly show early hypofluorescence with late marginal
staining and blocking effects from pigment clumps. Spectral domain OCT is a helpful
diagnostic modality to differentiate this entity from SC. While SC lesions show outer retinal
reflectivity, MFC manifests as full-thickness, hyperreflective lesions.174

C. Acute posterior multifocal placoid pigment epitheliopathy
This acute, self-limited, multifocal and usually bilateral disease of RPE affects young adults
and resolves spontaneously. 81,103,112,141 Acute lesions may appear identical to new active
SC lesions, with deep yellowish patches at the level of RPE. But the lesions of APMPPE
usually resolve in about 2 weeks with minimal RPE change. Additionally, APMPPE is
generally considered a non-recurrent condition with a favorable visual prognosis. Rare
recurrences are usually multifocal (like the original disease) and don’t arise from the
margins of healed lesions with pigment alterations (if such pigmentary changes do exist).103

A diagnosis of APMPPE should always be questioned in patients with unilateral, recurrent,
or progressive lesions without significant visual recovery. Ryan and Maumenee reported a
unilateral case in their series of APMPPE patients who progressed during the follow-up
period, eventually diagnosed as helicoid peripapillary chorioretinal atrophy.141.

D. Ampiginous choroiditis and relentless placoid chorioretinitis
Recurrent APMPPE that resembled SC in its FA features, its resultant pigmentary
disturbances, and its recurrent course but tended to involve the peripheral retina and choroid
has frequently been included in SC series.24,60,102,103,182 Nussenblatt designated these cases
“ampiginous choroiditis” to indicate that their clinical features were similar to both
APMPPE and SC.102,122 The ampiginous choroiditis lesions, as in APMPPE, develop at the
level of RPE and choriocapillaris, but unlike in APMPPE, pigment disturbances remain after
the lesions resolve.122 Also, the lesions involve both the posterior pole and the periphery.102

Given the similar clinical features and courses of ampiginous choroiditis and SC,
Nussenblatt considers ampiginous choroiditis as a variant of SC.102 Jones and colleagues
reported six patients with clinical, fluorescein and indocyanine green angiography findings
of both APMPPE and serpiginous choroidopathy and called them “relentless placoid
chorioretinitis;”82 however, the clinical course and the number and location of the lesions in
these patients were not typical for SC. They develop 50 or more separate lesions scattered in
the macula and periphery with the simultaneous presence of both active and healing
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lesions.82 The lesions appeared at the level of RPE and deep retina and tended to recur and
to involve large areas. The patients, however, maintained good central vision (Fig. 8). 81,122

Although the choroiditis was called “relentless” because of the continuous appearance of
new lesions,82 the patients were not initially treated with sufficient doses of
immunosuppressive agents, and the disease process in most was controlled only after an
increase in their dose of corticosteroids.82 The authors considered relentless placoid
chorioretinitis “a variant of SC or new entity” 82,125 Since the terms “ampiginous
choroiditis” and “relentless placoid chorioretinopathy” have been used to describe patients
with similar clinical features and prognosis, we and others102 believe both entities represent
the same condition. 81,122,125

In an OCT study of patients with ampiginous choroiditis, the inner and outer retinal layers
showed hyperreflectivity.12 In contrast, SC lesions demonstrated only outer retinal
hyperreflectivity, which persisted even in healed lesions. While the FAF appearance of
active ampiginous choroiditis lesions is not described, old healed lesions show diffuse
hypoautofluorescence from widespread atrophy and focal areas of RPE hypertrophy.187

Serpiginous choroiditis and ampiginous choroiditis patients are treated similarly with
immunosuppressive agents.82,188 In regions where tuberculosis is endemic, ampiginous
choroiditis/relentless placoid chorioretinitis cases should be investigated to rule out
intraocular tuberculosis.

E. Miscellaneous entities
Choroid and RPE express limited morphologic changes in response to pathologic insults. It
is not unusual to encounter posterior uveitis syndromes manifesting as geographic-like
changes involving the choroid and RPE, with retinal atrophy with hypo- and
hyperpigmentation. Ocular sarcoidosis with inflammatory changes and SC-like angiographic
features has been reported. 43,45,113 Posterior scleritis may also present with fundus changes
simulating SC; however, the presence of pain and characteristic ultrasonography features in
the former condition help differentiate the two conditions.163 Systemic Hodgkin and non-
Hodgkin lymphomas 140,141 and choroiditis in the context of Crohn disease183 may simulate
SC. Moreover, SC may simulate various pathologies causing peripapillary and macular
atrophy and pigment alteration and neovascularization, such as presumed ocular
histoplasmosis syndrome (Fig. 11), age-related macular degeneration (AMD) (Fig. 12),
angioid streaks, idiopathic choroidal neovascularization, or toxoplasma retinochoroiditis
(Fig. 13).52,56 Acute choroiditis, with or without accompanying healed lesions, may be
mistaken for subretinal exudation overlying a choroidal neovascular membrane. Also,
inactive healed atrophic patches may resemble the geographic atrophy caused by non-
exudative AMD. However, clinical and angiographic features are helpful in differentiating
SC from exudative and non-exudative AMD.

IX. Complications
Involvement of the fovea is the main vision-threatening concern in SC.87 Central vision is
usually affected when the foveal and parafoveal areas are directly involved by the lesions or
when the extrafoveal lesions are complicated by CNV, which develops in up to 35% of eyes
with SC, usually at the surrounding boundaries of healed lesions. 21,32,80,94,96,99,109,132

Although the exact pathogenesis of CNV in SC is unknown, possibilities include ischemic
injury to the choroid, Bruch membrane, and outer retina secondary to the choriocapillaris
inflammation have been proposed.127 CNV development is not necessarily related to the
disease activity and can be seen in both active and healed lesions.21,94 Prompt anti-
inflammatory treatment may lower CNV incidence. 15,36 Meanwhile, all SC patients should
be instructed to perform daily self-monitoring with Amsler grids for earlier detection of
CNV lesions.69, 80 Although fundus examination, angiographic studies, and OCT imaging
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features of CNV in the context of SC are similar to those of CNV in AMD, the disease
course and the accompanying features are helpful in differential diagnosis.

Retinal vasculitis and ischemia are not constant features in SC, although there are reports of
vascular occlusions and secondary neovascularization.18,21,47,94,111 Such neovascularization
might lead to retinal and vitreous hemorrhage. Optic nerve head neovascularization and
combined retinal artery and vein occlusion also occur in SC.47,111,184 Strict inflammatory
control may decrease the incidence of such complications or even lead to spontaneous
regression of the neovascularization.52,94,96,184

Exacerbations of choroiditis might be accompanied by serous retinal
detachment 31,52,68,75,80,109,151 or pigment epithelial detachment75, 184in the absence of
CNV. These lesions usually resolve when the choroiditis subsides. Review of FA pictures as
well as serial OCT examinations are crucial to rule out the presence of CNV, macular holes,
and cystoid macular edema.59,166

X. Management
Appropriate treatment depends on the extent of choroiditis, its proximity to the fovea, and
the side effect profile of the therapeutic agents. Before starting treatment, systemic and local
infection should be ruled out. Published series and recommendations based on the consensus
of a panel of uveitis experts suggest that treatment with systemic corticosteroids combined
with immunosuppressive agents preserves central vision when used early in the disease
course.79 The treatment approaches are systemic, local, or a combination of the two. In the
absence of prospective, randomized trials, optimal treatment of SC remains
controversial.2,15,31,32,73,74,94,97,100,122,146,161,162

A. Systemic treatment
Based on the presumed autoimmune pathogenesis of SC, the main approach has been the use
of immunosuppressive agents. While initial high-dose corticosteroids usually limit acute
choroiditis, long-term treatment to prevent recurrences relies on immunomodulatory agents.
More potent immunomodulatory regimens have yielded lower rates of recurrence and
eventual preservation of vision, although their side effects can be significant. 5,8,58 In some
patients recurrences resolve without treatment. Some have proposed initial treatment with
corticosteroids without immunomodulatory agents32,72,79,152; but, since the SC is almost
always a bilateral disease with a prolonged inflammatory course, initiating treatment with a
combination of corticosteroids and immunomodulatory agents results in a better long-term
control 179 and has been recommended by a panel of uveitis experts.79 Meanwhile, there is
no uniform agreement about the proper time for discontinuing immunosuppressive
medication. Similarly, the optimal agents for induction of lengthy remission and complete
elimination of recurrences with an acceptable initial or maintenance regimen are unclear.72

1. Corticosteroids—Corticosteroids alone or in combination with other
immunosuppressive agents are the mainstay of therapy for SC. 69,149,182 Although moderate
doses of corticosteroids (equal to 40 mg/day of prednisone) were initially used, such
treatment did not change the natural course of SC lesions.31,68, 111,95,149 Prompt treatment
with 60-80 mg oral prednisone or intravenous pulse methyl prednisone (1 gm/day for 3
days) can limit choroiditis progression and prevent visual loss. 69,75,110,123

Hoyng and colleagues described two patients with recurrent SC involving the macula who
were treated promptly with 80 mg/day oral prednisone. 75 By day 14, visual acuity improved
and FA revealed regression of the lesion. After gradual taper, the patients were maintained
at a low dose (5 mg/day) for 6 months before weaning off the prednisone. Neither developed
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chorioretinal scar or recurrences within 2 and 5 years after treatment. They concluded that
the isolated macular lesions might be accompanied by a transient occlusion of the
choriocapillaris that is amenable to early anti-inflammatory treatment. A clinical response to
high-dose prednisone (1 mg/kg) is usually evident within 24-36 hours,123 and complete
resolution takes 2-8 weeks.69,75 By the time the lesions are resolved, the initial high dose
should be followed by a gradual taper after1-3 months. While prednisone is the main
corticosteroid medication used in the treatment of SC patients in the United States,
betamethasone and methylprednisolone have been employed successfully.123Corticosteroids
might prevent recurrences if given at high enough doses for a prolonged period; however,
there are significant complications of long-term corticosteroid use, and recurrences may
arise shortly after tapering or discontinuation.32,79

2. Immunomodulatory agents—An immunomodulatory agent is usually required to
prevent recurrence of the choroiditis and to avoid or minimize corticosteroid side
effects.5,32,178 Christmas et al showed that all seven SC patients who were treated with
either corticosteroid or observation developed recurrences, whereas, only two of six patients
treated with immunomodulatory drugs (azathioprine, cyclosporine, and/or mycophenolate
mofetil) relapsed.32 No consensus exists as to the best immunosuppressive agent for the
treatment of SC.5 Immunosuppressive agents that have been used in the management of SC
include T cell inhibitors, antimetabolites, alkylating agents, and biological agents.

a. T cell inhibitor: Cyclosporine has been used in the treatment of SC. Although initial
reports on cyclosporine monotherapy were disappointing,97, 100 later studies noted favorable
long-term control of inflammation and low complication rate with cyclosporine, used either
alone or in combination with other immunosuppressive agents.11,32,72,151,152

b. Antimetabolites: Azathioprine and mycophenolate mofetil are two antimetabolites used
in SC patients. Azathioprine is a purine analog that has been effective for suppression of
inflammatory bouts and induction of long-term remission in patients with SC.32,37,72,178

Azathioprine and cyclosporine synergistically modulate the immune response.164

Although published experiences in the use of mycophenolate mofetil for SC are
limited, 18,154, its safety profile makes it an ideal immunomodulatory agent for long-term
use. Gastrointestinal disturbances are common, and patients should be monitored with
complete blood count and liver function tests every 6 weeks.

c. Alkylating agents: If the choroiditis cannot be controlled adequately with the above
agents, and in order to induce long-term remission, alkylating agents can be
employed.5,7,8, 58,146 Cyclosporine and chlorambucil may induce a sustained remission in
vision threatening and refractory cases. 8,58

Although cyclophosphamide use is associated with increased risk of bladder
malignancies,8,79 overall cancer-related mortality does not increase significantly in patients
receiving this alkylating agent.89 Considering the acceptable success rate with less toxic
medications, alkylating agents should only be employed for recalcitrant cases that have
shown multiple recurrences and progression while under treatment.5

d. Biological agents: Alternative treatment with biological agents such as interferon
alpha-2a is a consideration for severe cases that required continued therapy with alkylating
agents.159 In a prospective non-comparative case series, eight eyes of five patients with SC
were treated with interferon alpha-2a.159 Prednisone was also given initially, then tapered
and discontinued. All active lesions, including complicating subfoveal CNV in one eye,
resolved within 6 months. None experienced recurrences. Acuity improved in four of eight
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eyes (50%); and the other four eyes maintained (50%) useful vision during the 16- to 48-
month follow-up.159 Complete blood count, liver function tests, blood urea nitrogen, and
creatinine should be checked initially and every 6 weeks thereafter.124

Anti-tumor necrosis factor (TNF) agents: Cordero-Coma reported a patient with fundus
features mimicking SC and a negative work-up for tuberculosis in whom treatment with
anti-TNF medication led to disseminated tuberculosis.35 On the other hand, Seve et al
reported that anti-TNF treatment helped control inflammation in their patient with a fundus
appearance of typical SC.154

B. Local treatment
Topical administration of corticosteroid may be necessary in patients with anterior segment
inflammation. Intravenous,123 peribulbar,123 subtenon,69 and intravitreal 4,86,129

corticosteroid injections have also been used with variable success. Intravitreal injection of
triamcinolone acetonide was first used in patients for whom systemic corticosteroids were
contraindicated. 4,86,129 Considering successful inflammation control and the low rate of
reported complications, Wadhwa and colleagues conducted a prospective, non-randomized,
interventional case series that included eight patients with unilateral macular SC who opted
for intravitreal injection of 4 mg/0.1 ml triamcinolone acetonide.180 The choroidal
inflammation subsided within 2 weeks in all eight patients, and there was no remission
during 6 months of follow-up.180 The intravitreal corticosteroid injection might also have
beneficial effects on CNV development in inflammatory conditions; however, the side effect
profile, including cataract progression, increased intraocular pressure, and a small possibility
of endophthalmitis may limit its use.

Sustained-release intravitreal implants provide a theoretically ideal treatment mode for SC.
Seth and Gaudio used an intravitreal injection of triamcinolone to treat active SC threatening
the fovea, resulting in immediate control of the choroiditis.153 An intraocular fluocinolone
acetonide implant was then placed, and the choroiditis remained inactive during the follow-
up period of 14 months.

C. Combined systemic and local treatment
Local drug delivery of corticosteroids in SC patients who are managed with systemic
corticosteroids and or additional immunosuppressive agents can reduce intraocular
inflammation and minimize the required dose of systemic corticosteroids or
immunomodulatory agents. It can also aid in the rapid taper of the systemic agents. Such
local added treatment includes intravitreal and subtenon injection of corticosteroids.

Multifocal Serpiginoid Choroiditis encompasses different infectious choroiditis entities that
require specific anti-microbial treatment. Tuberculosis-related MSC is treated with a
multidrug regimen, initially consisting of four drugs for 2-3 months, followed by a course of
two antibiotics lasting up to 12 months. Ideally, the treatment should be instituted and
monitored in collaboration with infectious disease experts. Although the optimal treatment
for herpes-related multifocal serpiginoid choroiditis has not been studied, the treatment
regimen used for herpetic retinitis, consisting of high dose intravenous acyclovir or a similar
antiviral agent for a week or ten days followed by a longer course of oral antivirals, would
seem appropriate for viral MSC. Syphilitic serpiginoid choroiditis should be treated as
neurosyphilis.

D. Management of complications
Timely diagnosis and appropriate inflammation control in SC is the key in preventing visual
loss from foveal involvement, choroidal neovascular membrane development, and cystoid
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macular edema. Prompt anti-inflammatory treatment can prevent or decrease the extent of
chorioretinal scar formation.73,75 The incidence of CNV is significantly lower in patients
treated in the early phase of the disease with a proper anti-inflammatory regimen.15,36,90

Laser photocoagulation has failed to prevent the extension of SC involving the fovea,51; but
direct laser application is still a legitimate treatment option in SC cases complicated with
extrafoveal CNV. 80,159 Repeated application of the laser to recurrent CNV appears to have
the same initial favorable result in obliterating the neovascular membrane and resorbing the
subretinal fluid and hemorrhage,185 but recurrence of CNV is not totally preventable.94

Indocyanine green-mediated photothrombosis combined with intravitreal triamcinolone
injection was employed successfully for peripapillary CNV in the context of SC.119 Within
12 weeks, the patient’s visual acuity improved from 20/100 to 20/20, and OCT confirmed a
reduction of retinal elevation and subretinal fluid.119 Photodynamic therapy with verteporfin
has also been used to treat CNV associated with SC101,127 however, repeated treatments
may be necessary.

The food and drug administration (FDA) of United States has approved the use of
ranibizumab, a fragment of humanized monoclonal antibodies, to treat CNV associated with
AMD by pharmacologic inhibition of vascular endothelial growth factor (VEGF). Favorable
visual outcome has been reported with intravitreal injection of ranibizumab and
bevacizumab, a full-length anti-VEGF antibody, to treat CNV secondary to inflammatory
ocular diseases. 16,38,93,107,109,145,171 Regression of neovascular membrane was apparent
shortly after injection, and visual acuity was improved or stabilized. Choroidal
neovascularization secondary to SC responds well to the conventional dosage of intravitreal
ranibizumab (0.5 mg/0.05ml) and bevacizumab (1.25 mg/0.05 ml or 2.5 mg/0.1
ml). 16,19,83,145,162 The antiangiogenic effects are transient, and repeated injections are
needed in most cases.83 Although the data on appropriate dosing and frequency of anti-
VEGF injection in patients with SC is limited, the same protocol used in the management of
multifocal choroiditis complicated with CNV can be used in SC patients presenting with
CNV.128 Three monthly intravitreal bevacizumab injections followed by careful monthly
examination to detect early recurrence and as-needed retreatment has been associated with
beneficial effects in treatment of subfoveal CNV in patients with multifocal choroiditis.128

Posterior subtenon injection of triamcinolone acetonide and anecortave acetate, an
angiostatic corticosteroid, has also been used successfully to treat CNV.121

XI. Prognosis
The long, drawn-out chronic inflammatory nature of SC, with unpredictable episodes of
activity and inactivity over several years, makes proper study of the natural course of the
disease difficult.2 Generally, the visual prognosis for patients with SC is considered
guarded. Mean final visual acuity is reported at 20/125, ranging from 20/20 to no light
perception.32,87,98 The natural course of classic SC is of progressive choroiditis with
recurrences and involvement of new areas; therefore, an untreated patient will generally
experience extensive chorioretinal atrophic changes and lose visual acuity.31 Hence, the
prognosis of the disease is mainly correlated with the extent of inflammatory control and the
prevention of recurrences.32,130 Macular forms of the disease are usually associated with a
worse visual prognosis. 32, 108 Extension of choroiditis to the fovea and subfoveal CNV are
the main causes of central vision loss.32 Meanwhile, immunomodulatory agents have
improved the prognosis by reducing the recurrence rate. The number of inflammatory
recurrences in patients treated with immunomodulatory agents combined with
corticosteroids is significantly lower than in those who were followed without treatment or
treated with corticosteroids alone.32 Most recurrences develop when the corticosteroid dose
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is tapered or discontinued. Close monitoring during corticosteroid tapering and institution of
proper immunomodulatory treatment is mandatory for preservation of vision.

XII. Conclusion
Serpiginous choroiditis is a recurring, asymmetric, bilateral, and progressive inflammation
of the inner choroid involving the choriocapillaris and RPE. Available evidence suggests
that SC is primarily an idiopathic or autoimmune process. A considerable subset of patients
with atypical features mimicking SC has been delineated. Such cases are labeled as MSC,
and represent infectious choroiditis secondary to MTB or herpes family virus infection.

Spectral domain OCT and novel imaging techniques such as FAF have improved diagnostic
accuracy, management, follow-up, and determination of the visual prognosis. The main
treatment goal is to suppress active inflammation and reduce the number of recurrences. A
combined regimen of oral corticosteroids and immunomodulatory agents appears to be the
most effective management. Local treatment with corticosteroids and antiangiogenic agents
are effective adjunctive treatment options for SC and its complications.

XIII. Literature search method
We searched English literature in Medline for the following keywords: serpiginous
choroiditis, serpiginous choroidopathy, multifocal serpiginoid choroiditis, serpiginous-like
choroiditis, serpiginous-like choroidopathy, helicoid choroidopathy, helicoid choroiditis,
geographic choroiditis, geographic choroidopathy, macular serpiginous choroiditis, and
macular serpiginous choroidopathy. All retrieved articles were read in full text, and related
references were searched for pertinent publications.
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Figure 1.
Jonathan Hutchinson (1828-1913), an English surgeon, ophthalmologist, dermatologist, and
pathologist, described serpiginous choroiditis in a healthy individual, in a patient with
tuberculosis lymphadenopathy, and in a patient with syphilis.
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Figure 2.
Macular serpiginous choroiditis in a 26-yr-old Caucasian man. Fundus photographs of the
right (A) and left (C) eyes display geographic atrophy patches accompanied with pigment
clumping. Mid-phase fluorescein angiogram of the right eye (B) shows geographic atrophy
involving the retinal pigment epithelium and choroid with hyperpigmentation along the
margins and at the fovea. Note border staining from choriocapillaris of adjacent choroid.
Two patches of choroiditis reactivation are present at the temporal and superior margins of
the macular lesion in the left eye (C - arrows). Early phase fluorescein angiogram (D)
reveals blocked fluorescence corresponding to the active choroiditis patches in the left eye.
(Images courtesy of Kumar Rao, MD, Saint Louis, MO)
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Figure 3.
67-yr-old Caucasian woman with bilateral active serpiginous choroiditis lesions (A, B). In
the early phase, while retinal pigment epithelium is not damaged, lesions are
underrepresented in fundus autofluorescence (C, D); however, fluorescein angiography (E-
K) better revealed the extent of hypofluorescence corresponding to the choriocapillaris
nonperfusion patches. Short arrows indicate hypofluorescent patches in the early phase (E).
The initial hypo-perfused patches (short arrows in E) progressively stain and reveal more
prominent hyperfluorescence in the borders in later frames. The right eye presents as
macular serpiginous choroiditis with isolated patches not connected to the optic disc. Left
eye demonstrates serpiginous choroiditis lesions superior to the optic disc and a separate
macular lesion. Early hypofluorescent patches (J) of the active choroiditis stain
progressively and become relatively hyperfluorescent in late phase angiogram (K-long
arrow).
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Figure 4.
Fundus photograph (A) and early (B) and mid-phase (C) fluorescein angiograms from a 42-
yr-old Caucasian woman with serpiginous choroiditis reveal choroiditis reactivation in the
fovea. Vision has acutely declined to 5/200. A, while healed scars originating from the
peripapillary area are characterized with RPE and choroidal atrophy, and pigment clumping,
active choroiditis (short arrow) demonstrates gray-yellow discoloration of the retina. In
fluorescein angiography, active choroiditis appears as a hypofluorescent patch with
progressive marginal hyperfluorescence from the leaking vessels (long arrow). Healed
lesions are surrounded by marginal staining (B,C), which is more prominent in late phases
of the angiogram (arrowhead). (Images courtesy of Kumar Rao, MD, Saint Louis, MO)
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Figure 5.
76-yr-old Caucasian woman with serpiginous choroiditis. Fundus photographs show
progressive expansion of the geographic choroiditis lesions. (This patient has been reported
in part in reference 176.)
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Figure 6.
34-yr old Afghani woman with history of bilateral choroiditis that progressed rapidly after
treatment with oral corticosteroids. PPD was positive and chest x-ray was negative. (A) Red
free fundus photography of the right eye reveals geographic areas of choroidal atrophy,
pigment clumping, and cystoid macular edema. (B) In fluorescein angiography, border
staining delineates atrophic areas with some blockage from pigment proliferation. Early
accumulation of dye in cystoid spaces is evident. (C, D) Mid-phase and late phase
indocyanine green angiography reveals choriocapillaris loss in areas of healed lesions with
preservation of large choroidal vessels. Choroidal circulation in non-involved areas is
normal.
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Figure 7.
75-yr-old Caucasian woman with a documented history of contact with a patient with active
pulmonary tuberculosis. She converted to PPD positive, and for this, she received anti-
tuberculosis treatment. However, the number of drugs taken and the duration of treatment
are unknown. Right and left eyes (A, B) fundus autofluorescent images; the
autofluorescence is lost uniformly in atrophic areas. Note multifocal nature of the lesions
that have coalesced in the center to form a larger patch. Satellite lesions are present. C and D
correspond to mid-phase and late-phase fluorescein angiography and reveal a late staining of
the exposed scleral bed and lesion borders. Optical coherence tomography scan (E)
demonstrates loss of outer retina with pigment epithelial hypertrophy (arrow).
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Figure 8.
A 14-yr-old Caucasian woman with relentless placoid chorioretinitis (ampiginous
choroiditis). (A) wide-field fundus autofluorescence image demonstrates multifocal inactive
lesions distributed in the posterior pole and in the periphery of the left eye. Fundus
photography (B) and late-phase fluorescein angiogram (C) reveal multifocal well-
demarcated posterior pole lesions with late staining.
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Figure 9.
32-yr-old Asian Indian man with unilateral choroiditis that started in the macula and
progressed rapidly following treatment with high dose oral corticosteroids. Tuberculosis
work-up revealed positive QuantiFERON Gold test. Choroiditis subsided following
institution of anti-tuberculosis treatment. Montage fundus photography (A) shows extensive
healed lesions with pigmentary change in the posterior pole and in the periphery. Even
though tuberculosis-associated multifocal serpiginoid choroiditis lesions are not connected
to the peripapillary area at early presentation, advanced cases may present with extensive
multifocal lesions involving the peripapillary area as well as the peripheral retina. There are
two active patches of choroiditis in the supranasal periphery (arrow). Montage fluorescein
angiogram (B) and wide-field autofluorescence image (C) reveal vividly the multifocal
nature of the lesions.
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Figure 10.
A 24-yr-old Caucasian woman with idiopathic multifocal choroiditis. Left eye color
photograph (A) and autofluorescent image (B) demonstrate multiple, round, atrophic lesions
associated with pigment alterations in the posterior pole. The size and distribution of the
lesions help in differentiation from larger and usually confluent patches seen in serpiginous
choroiditis. Spectral domain-optical coherence tomography scan (C) reveals outer retinal
destruction and pigment migration to the outer retina corresponding to healed chorioretinal
lesions.
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Figure 11.
50-yr-old Caucasian man with presumed ocular histoplasmosis syndrome (POHS). Fundus
photograph (A) and mid- and late angiograms (B, C) reveal multifocal punched-out atrophic
lesions accompanied with peripapillary atrophy. Lesions are more prominent in fundus
autofluorescence than in color fundus image (D). Spectral domain optical coherence
tomography scan passing through the foveal lesion (E) shows a full-thickness destruction of
the retina and choroid.
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Figure 12.
Nonexudative, age-related macular degeneration with geographic atrophy may resemble
inactive serpiginous choroiditis lesion (A). In fundus autofluorescence imaging (B) a
hyperautofluorescent halo surrounds the hypofluorescent lesion. Early window defect (C)
due to atrophic retinal pigment epithelial (RPE) layer and late staining (D) of the atrophic
bed with sharp margins are similar to angiographic features of inactive serpiginous
choroiditis lesions. Optical coherence tomography scan (E) reveals atrophic RPE and
increased backscattering from the choroid; however, outer retina retains normal reflectivity.
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Figure 13.
Toxoplasma chorioretinitis. Note a large geographic lesion within macula with satellite
lesions.
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Table 2

The two major categories of choroiditis presenting with recurrent serpentine/geographic lesions

1. Non-infectious a. Serpiginous choroiditis extending from juxtapapillary choroid

b. Macular serpiginous choroiditis

2. Infectious Multifocal serpiginoid choroiditis/ Serpiginous-like choroiditis resulting from infection of

a. Mycobacterium tuberculosis

b. Herpesvirus

c. Treponema Pallidum (syphilis)
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