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ABSTRACT

Introduction: FAF is non-invasive, and important adjunctive tool to evaluate the progression of lesions
in patients with SC. FAF can even help distinguish probable etiology by specific pattern recognition. The
current index study analyzed and reported the strength of specific patterns to be more representative of
SC or TB SLC.

Objective: To characterize fundus autofluorescence (FAF) images for differentiating serpiginous
choroiditis (SC) from tubercular serpiginous-like choroiditis (TB SLC).

Methodology: The index study is a retrospective comparative analysis of FAF images of 25 consecutive
patients, 11 with TB SLC and 14 with SC. The diagnosis of SC was made based on the clinical appearance
and FAF findings, while TB SLC was additionally considered in patients with positive laboratory
investigations and/or radiological tests for tuberculosis (TB) exposure or infection and therapeutic
response to anti-tubercular therapy. The characteristic features evaluated on FAF images were centrality,
multifocality, and parapapillary involvement of the lesion with or without extension.

Result: Twenty-five patients (13 males, 12 females) with a mean age of 46.2 (SD 10.08) years were
enrolled in the study. SC lesions were more central (p=0.92) and confluent (p=0.774). Parapapillary
involvement was found to be associated with SC (p=0.690), and with extensions of the lesions along the
arcades or the macular region, the association increased (p=0.786). Multifocality with peripheral lesions
was negatively associated with SC (p=- 0.831).

Conclusion: Centrally involving lesions with confluency on FAF is strongly associated with SC.
Parapapillary involvement alone is considered characteristic for SC, but the current study has demonstrated
that extension of this lesion along the arcades or the macular region is even more characteristic for SC.

Key words: Choroid; choroiditis; fundus autofluorescence; serpiginous; tuberculosis; uveitis.

INTRODUCTION

Serpiginous choroiditis (SC) is a rare clinical
entity and accounts for less than 5% of cases
of posterior uveitis. It causes a geographical
pattern of choroiditis with outer retina and
retinal pigment epithelium atrophy, extending
from the parapapillary choroidal region and
spreading centrifugally.(Bacin F et al, 1983;
Lim WK et al, 2005) 1t is typically bilateral with
no familial or ethnic predilection in otherwise
healthy, middle-aged individuals. (4bu el-Asrar
AM , 1995)The pathogenesis of SC is unclear,
but based on limited histopathological studies,
the favorable response to immunosuppressive

agents, and a lack of association with systemic
or ocular infectious diseases, autoimmune-
driven inflammation is thought to be underlying
cause.(Cordero-Coma et al, 2008)

Diagnosisofthe SCismainlydoneby considering
the history, clinical findings with support from
ocular imaging and laboratory investigation. The
tests usually include fluorescein angiography
(FA), indocyanine green angiography (ICG)
and fundus autofluorescence (FAF). (Nazari
Khanamiri H et al, 2013, Vasconcelos-Santos
DV at al, 2010) FA typically shows early hypo
fluorescence with late leakage at the edges of the
lesions if they are in the process of expanding
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due to the disease being active. ICG usually
demonstrates hypocyanescent areas from early
to late frames.

FAF is a minimally invasive tool for assessing
disease progress and activity is demonstrated by
a s a hypoautofluorescent halo surrounding the
edges of a hyperautofluorescent lesion. (Yeh S
et al, 2010) Treatment of SC typically consists
of steroids , anti-metabolites and biologics and
its response is also considered as one of the key
indicators to be followed for purpose of proper
diagnosis.

This is important as patients, particularly those
from Mycobacterium tuberculosis (TB)
- endemic regions, have presented with fundus
findings similar to SC.(Rupesh Agrawal
at al, 2018; Vasconcelos-Santos DV et al,
2010) Microbiological investigations in such
patients have yielded mycobacterial DNA via
polymerase chain reaction. However, this does
not hold true in all the cases and the debate
speculations over whetherthe serpiginous lesions
are due to direct insult by the TB microorganism
or secondary to a hypersensitivity reaction to the
infection still persists.(Deb AK, Kaliaperumal S
et al, 2014; Gupta V et al, 2007, Gupta A et
al,2010)

Other reports have been published on the utility
of interferon-gamma release assay (IGRA)
to rule out TB as a possible etiological agent
in posterior uveitis. IGRA (QTB-Plus) has a
pooled sensitivity and specificity of over 95%
but is still limited it its ability to distinguish
between latent and active TB and/or predict
risk of progression from latent to active phase.
Therefore, there should still be a high index of
suspicion even in patients with negative IGRA

if the clinical history, findings and pattern of
inflammation are otherwise suggestive of ocular
tuberculosis.

Various clinical features and clues can help in
distinguishing between SC and TB SLC. One
of the most important clinical features of TB
SLC is that it is associated with more vitritis
compared to autoimmune SC.!° Patients with
TB SLC have more multifocal lesions involving
the periphery.'* In contrast, SC lesions are larger
compared to TB SLC and is more likely to have
lesions extending from the optic nerve head.
(Chisholm IH et al, 1976) Most of the time, the
lesions and their extent may not be clearly visible,
and hence multimodal imaging techniques can
be a useful ancillary investigation.(Carrerio E et
al, 2012; Gupta Vetal, 2003) FA as mentioned
above, does help in distinguished between an
active and an inactive lesion, but there are no
specific angiographic features to differentiate
between SC and TB SLC.(Nazari Khanamiri H
et al, 2013, Vasconcelos-Santos DV et al, 2010)

FAF however being less invasive, has been
studied to provide characteristic features
which could help differentiating between TB
SLC and SC.(Yeh S et al, 2010) Homogenous
hypofluorescence corresponding to RPE loss is
moresuggestiveof SCcomparedtothe variegated
pattern and stippled hyperautofluorescence of
tuberculous disease that have been reported in
the literature.(Arantes TE et al, 2011, Cardillo
Piccolino F et al, 2009; Carrerio E et al, 2012;
Vasconcelos-Santos DV et al, 2010; Yeh S et
al, 2010) However, it remains challenging to
differentiate between TB SLC and SC as these
patterns are not consistent and may overlap
depending upon the stage, severity, or duration
of the disease. For instance, the lesions are
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hyperautofluorescent during the acute stage,
increasing in autofluorescence with advancing
borders and ultimately decreasing during
healing.(Gupta A et al, 2014) At any of these
stages, the disease may present with mixed
patterns.

The aim of the current index study was to
analyze the images of patients diagnosed with
SC and TB SLC to ascertain the specific FAF
features characterizing these two pathologies.

METHODS

A retrospective study was conducted at a tertiary
eye care center in Nepal with the assistance
of national and international expertise for the
analysis of the images and data. This study
included data of patients with autoimmune SC
and TB SLC diagnosed from July 2021 to April
2022. Comparative analysis of FAF images of
25 patients (11 with TB SLC and 14 SC) was
performed.

Data and image retrieval of patients who had a
diagnosis of SC or TB SLC and had received
antitubercular treatment (ATT), steroids, or
immunosuppressive agents was performed.
The index study followed the tenets of the
Declaration of Helsinki and was ethically
approved by the institute.

All patients had at least one year of follow-
up and medical records with details of
ophthalmic examinations, including color
photographs and FAF images.

The image acquisition protocol consisted of

fundus

mydriasis with tropicamide 1% eyedrops and
acquisition of single 45° field color images
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centered on the macula for each eye using the
Zeiss Visucam 524 fundus camera (Carl Zeiss
Meditec AG, Jena, Germany).

The diagnosis for SC was done on the basis
of clinical findings, imaging and laboratory
investigations — like native TB reports and also
the response of the disease to IMT.

The criteria for tubercular uveitis (TBU) was
adopted from the international classification of
ocular TB(Gupta A et al, 2015) as the presence
of any one of the following clinical signs which
are highly suggestive of TB such as presence
of choroidal granulomas, broad-based posterior
synechiae, retinal vasculitis or TB-SLC with
documentation of a positive tuberculin skin
test or a positive QuantiFERON-TB Gold test
and response to ATT. All patients received
investigations to exclude other potential
diagnoses including multifocal chorioretinitis,
acute posterior multifocal placoid pigment
epitheliopathy, toxoplasmosis, etc.

Image analysis was done by two expert readers
with consensus by discussion in the event of
disagreement. Interim feedback was sought
after the first 10 images were graded by the two
readers which served as a pilot test of the grading
process to assess feasibility and adherence to
prespecified grading guidelines. No difficulties
were encountered and all images were included
in the final analysis.

Lesion patterns evaluated using FAF images
were classified on 1) centrality, 2) multifocality,
and 3) parapapillary involvement with or
without extension (Figure 1 and Figure 2).
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Figure 1 : Reference image depicting definitions of terminologies used.

The terms “central” and “peripheral” are
designated with respect to a 45-degree fundus
photo centered on the macula (yellow-dotted
circle in Figure 1).

1.

66

Centrality- Any lesion which occupies at
least 50 percent of the area/region delineated
by the yellow dotted circle in the figure is
considered central. Also designated as the
area centralis, the area roughly corresponds
to the macular area with a diameter of
5.5mm.

Peripheral — Any lesion which does not fall
within the area defined for centrality will be
considered as a peripheral lesion.

Parapapillary- Any lesion involving the
optic disc margin and in which at least 50

percent of the lesion falls within one-disc
diameter of the optic nerve head could be
considered parapapillary (red-dotted circle
in Figure 1).

With or without extension — Any lesion
fulfilling the criteria for parapapillary
localization with development of similar
lesions mostly confluent with the primary
lesion and extending along the vascular
arcades (highlighted in green in Figure 1)
will be considered extended lesions.

Multifocal: Any lesion that is separated
by areas of normal tissue which can help
identify them as two individual separate
lesions will be considered multifocal (green
dotted circle in Figure 2).
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Figure 2: Non -central multifocal lesions with parapapillary sparing and absence of
extensions as depicted on color fundus photography (A1) and autofluorescence (A2). Central
lesion with presence of a confluent parapapillary lesion (B1) with extension along the
superotemporal arcade and the nasal quadrants (B2).

Statistics

Statistical analyses were done using SPSS
software version 20.0 (IBM Corp., Armonk,
N.Y.,USA). Pearson’s Correlation Coefficient (p
[rho]) was used to measure the strength of each
pattern of SC and the following interpretation
was adopted.(Karl Pearson ,1895; Rogers and
Nicewander, 1988)

a. 0 indicates a linear relationship.
b. +1 indicates a perfect positive linear
relationship.

-1 indicates a perfect negative linear
relationship.

. Values between 0 and 0.3 (0 and -0.3)

indicate a weak positive (negative) linear
relationship via a shaky linear rule.

Values between 0.3 and 0.7 (-0.3 and -0.7)
indicate a moderate positive (negative)
linear relationship via a fuzzy-firm linear
rule.

Values between 0.7 and 1.0 (-0.7 and -1.0)
indicate a strong positive (negative) linear
relationship via a firm linear rule.
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RESULTS

The medical records and images of twenty-
five (25) patients (13 males, 12 females) with a
mean age of 46.2+10.08 years were analyzed. A
total of 14 (56%) were diagnosed as SC and 11
(44%) as TB SLC patients. There was no gender
predilection for either of the pathologies. The
ocular involvement in SC was more likely to be
bilateral (57.2%) compared to TB SLC (45.5%)
(Table 1).

SC lesions demonstrated a stronger predilection
for central distribution (p=0.921) followed

by confluent lesions (p=0.774). Parapapillary
involvement alone had a correlation of p=0.690,
indicating a moderately positive relationship,
but if the lesions had extensions along the
arcades or had contiguity around the macular
region, the correlation increased to p=0.786,
indicating a strong positive relationship for SC
(Figure 3 and Figure 4 ). Multifocality with
peripheral lesions negatively correlated with
SC (p=-0.831) and most of these lesions were
found to be associated with cases diagnosed as
TB SLC (Table 2).

Table 1: Demographics and inflammation pattern of serpiginous choroiditis (SC) and
tubercular serpiginous-like choroiditis (TB SLC).

Serpiginous Tubercular Serpiginous
Choroiditis -like Choroiditis
Number of patients 14 11
Male 6 7
Female 8
Bilateral involvement
Pattern
Central 14 1
Para papillary involvement 11 1
Para papillary involvement with extension 11 0
Multifocality with peripheral lesions 14 3

Table 2: Lesion pattern and their correlation strength towards serpiginous choroiditis (SC)

Pattern Correlation ((p) Interpretation

Central +0.92 Strongly positive
Parapapillary involvement +0.69 Moderately positive
Parapapillary involvement with extensions +0.79 Strongly positive
Confluency +0.77 Moderately positive
Multifocality with peripheral lesions -0.83 Strongly negative
Diagnostics

Chest X ray findings -0.49 Moderately negative
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Irrespective of the mixture of patterns,

is it central or involving the posterior pole?)

YES | No

v v

Strong Correlation
Strung';:rsrce hicn Peripheral lesions JRIZENY foz}TB-SLC
and multifocal?
(p=0.921) (p=-0.831)

v

Confluent lesions?

¥ ‘
v
Strong correlation
for SC
(p=0.774)

NO

v v
Parapapillary
involvement

YES NO

v v

Moderate correlation il Consider correlation|
based on centrality
(p=0.690) and confluency

\d
Strong correlation T3l Extensions of lesions
for SC < from parapapillary
(p=0.786) region?

Central, parapapillary involvement with extensions along the
vascular arcade. The lesions are not multifocal. Patterns suggestive
of SC and clinical and laboratory investigations also supported the
diagnosis as SC.

Central involving (at least 50 percent of the area) with parapapillary
lesions with extensions along the vascular arcade . Laboratory
investigations and clinical features suggestive of SC.

Peripheral, (less than 50 percent of the central area involved) , no Peripheral, (Central sparing) , no parapapillary involvement. Not
parapapillary involvement. Multifocal in nature. Patient had distinctly multifocal. Patient had history of tuberculosis in family
history of tuberculosis and was Gold QuantiFERON positive. and was Gold QuantiFERON positive. Responded well to anti-
Diag) d ,treated and responded well to anti ular therapy. tubercular therapy.

* SC: Serpiginous Choroiditis, TB-SLC : Tubercular Serpiginous- like choroiditis.

Figure 3: Algorithm in favor of Serpiginous Choroiditis (SC) with correlation strength of
each pattern. Images and pattern are also depicted to illustrate the difference in the lesion
pattern between SC and Tuberculous serpiginous-like choroiditis (TB SLC). Only features

with strong positive or negative correlation have been taken into account.
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Figure 4: Serpiginous Choroiditis (SC) with varied patterns. (A) Central involvement
(p=0.921) and confluency (p=0.774) without involvement of parapapillary region. ((B)
Central involvement (p=0.921), and involvement of the parapapillary region with extension
towards the macula (p=0.786). Note some multifocal lesions but other features outweigh
it in terms of strength of correlation. (C) Central involvement (p=0.921), confluency
(p=0.774),and involvement of the parapapillary region with extensions (p=0.786).

DISCUSSION on autofluorescence of SC is also diverse,
. . o o although multiple studies have been conducted
SC is a diverse clinical entity in ophthalmology. illustrating the FAF patterns of different stages

(Bacin et. al, 1983; Cordero-Coma et al, 2008; ¢ SC, disease activity, as well as of the possible
Vasconcelos-Santos DV et al, 2010;Yeh S et variants.(Cardillo Piccolino F et al, 2009;

al. 2010) Similarly, the spectrum of patterns Gupta A et al, 2014; Yeh S et al. 2010) To the
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best of our knowledge, this is the first study to
evaluate the images and patterns described in
the literature to assess if a certain pattern has a
relatively stronger correlation for either SC or
TB SLC.

It is well reported in the literature that SC may
manifest with variable features, although a
creeping pattern of choroiditis, central/posterior
pole involvement, and extension of the lesions
from the parapapillary area are the most
commonly encountered ones.(Gupta V at al,
2007; Gupta A, et al ,2010; Vasconcelos-Santos
D Vet al) Patients with TB SLC, however, are
more likely to have multifocal scattered highly
pigmented lesions with posterior vitreous cells.
(Gupta V et al, 2007; Gupta V et al, 2003;
Vasconcelos-Santos DV et al ,2010)

Our study found that if the distribution of the
lesion was more central/around the posterior
pole, it was more representative of SC even if
other features were present. The findings of this
study are consistent with the literature. (Arantes
TE at al, 2011; Gupta A et al, 2010; Gupta A
et al, 2014; Yeh S et al ,2010) Parapapillary
involvement is also widely described in the
literature and this finding has also been thought
to be indicative of SC.(Bacin F et al, 1983;
Cordero-Comaet al, 2008; Gupta A et al ,2010;
Gupta V et al, 2003) Our study supported this
finding and also proposed that this pattern,
along with extension of lesions from the
parapapillary region, were more suggestive of
SC. Furthermore, multifocality with peripheral
lesions is often thought to be associated with a
tuberculous origin.(Deb AK, Kaliaperumal S et
al, 2014; Gupta A et al, 2010; Gupta V et al,
2003; Vasconcelos-Santos DV et al, 2010) The
majority of our cases with multifocal lesions
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were tuberculous in etiology and our analyses
also indicated that if such lesions were present,

it was much less likely that the lesions were of
SC.

We do recognize some of the limitations of the
study which are the small sample size and lack
of multinational involvement. Image analysis
were done by consensus of two expert readers
Another major limitations is related to the ‘gold
standard’ for diagnosis for serpiginous . We
have masked to help minimize the bias but if
the readers have a preexisting knowledge of
certain FAF features that are used to define
the disease entity as in SC , one would expect
a higher likelihood that the defined features/
areas of involvement would show correlation/
statistical significance. With the ever-increasing
application of artificial intelligence systems in
ophthalmology, use of machine learning would
be beneficial to analyze these or perhaps even
larger data set in the future for more unbiased
results.

CONCLUSION

It is well established that FAF is an easy, non-
invasive, and very important adjunctive tool to
evaluate the progression of lesions in patients
with SC. FAF can even help to distinguish
the probable etiology by specific pattern
recognition. The current index study analyzed
and reported the strength of specific patterns to
be more representative of SC or TB SLC. The
study concluded that SC is characterized by
central involvement and by the confluent nature
of the lesions. Parapapillary involvement
along with extension of the lesions, along the
arcades or in contiguity with the macular region
is more representative of SC, while multifocal
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scattered pigmented chorioretinal lesions with  Ethical Clearance
the presence of posterior vitreous cells are more
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