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e PURPOSE: To identify characteristics on multimodal
imaging (MMI) in idiopathic multifocal choroiditis
(MFC) that can identify inflammatory activity and distin-
guish choroidal neovascularization (CNV) activity from
inflammatory activity.

* DESIGN: Prospective cohort study.

e METHODS: MMI consisted of spectral-domain opti-
cal coherence tomography (angiography) (SD-OCT(A)),
fundus autofluorescence, fundus photography, infrared
imaging, fluorescein angiography (FA), and indocyanine
green angiography (ICGA). MMI characteristics ob-
tained during active and inactive disease were compared
within the same lesion. Secondly, MMI characteristics
were compared between active inflammatory lesions with
and without CNV activity.

e RESULTS: Fifty patients (110 lesions) were included.
In 96 lesions without CNV activity, the mean focal
choroidal thickness was increased during the active dis-
ease (205 um) compared to the inactive disease (180 um)
(P < .001). Lesions with inflammatory activity typically
demonstrated moderately reflective material located in the
sub-retinal pigment epithelium (RPE) and/or in the outer
retina with disruption of the ellipsoid zone. During the in-
active stage of the disease, the material disappeared or be-
came hyperreflective and indistinguishable from the RPE.
During the active stage of the disease, the area of hypop-
erfusion in the choriocapillaris significantly increased as
visualized on both ICGA and SD-OCTA. CNV activity
in 14 lesions was associated with subretinal material with
a mixed reflectivity and hypotransmission of light to the
choroid on SD-OCT and leakage on FA. SD-OCTA iden-
tified vascular structures in all active CNV lesions and in
24% of lesions without CNV activity (showing old, qui-
escent CNV membranes).

e CONCLUSION: Inflammatory activity in idiopathic
MEC was associated with several MMI characteristics, in-
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cluding focally increased choroidal thickness. These char-
acteristics can guide clinicians in the challenging pro-
cess of the evaluation of disease activity in idiopathic
MFC patients. (Am ] Ophthalmol 2023;252: 45—
58. © 2023 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/))

the spectrum of the “white dot syndromes” and is con-

sidered a primary inflammatory choriocapillaropathy.?
Idiopathic MFC is a relapsing disease and predominantly
affects Caucasian women with myopia in their second to
fourth decade of life.’>* Typical features for idiopathic MFC
are the inflammatory lesions that arise in the posterior pole
at the level of the outer retina, the retinal pigment ep-
ithelium (RPE), and the choriocapillaris and the compli-
cation of secondary choroidal neovascularization (CNV).
Both the inflammatory lesions and secondary CNV can
be visualized and monitored using multimodal imaging
(MMI) including spectral-domain optical coherence to-
mography (SD-OCT), spectral-domain optical coherence
tomography angiography (SD-OCTA), fundus autofluores-
cence (FAF), and fluorescein angiography (FA) and indo-
cyanine green angiography (ICGA).”’

Monitoring and subsequently treating disease activity,
even when the patient is still asymptomatic, is considered to
be indicated since subclinical inflammatory disease activity
can trigger the development and reactivation of secondary
CNV. Moreover, subclinical inflammatory activity results in
growth of the chorioretinal lesions over the years, which is,
considering the young age at the first time of presentation,
unfavorable.®®

Currently, the evidence regarding which MMI character-
istics can identify inflammatory activity is scarce and mostly
limited to descriptive studies.””" It can especially be chal-
lenging to recognize inflammatory activity in preexisting le-
sions, because the local retinal structure is already distorted.
Previous studies have suggested several imaging character-
istics that are associated with disease activity, including in-
creased focal choroidal thickness on SD-OCT,'""> hyper-
transmission of the RPE on SD-OCT,'®!” and the presence
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of a hyperautofluorescent margin surrounding a lesion on
FAE 10,18,19

However, most studies are cross-sectional and do not
compare the same lesion over time during the active and
inactive stages of disease. Therefore, it is uncertain to what
extent these observed alterations during the active disease
are reversible, or that they will remain altered once the
inactive stage of the disease is achieved. Moreover, it is
challenging to distinguish inflammatory activity from CNV
activity. However, this distinction is of utmost importance,
because the appropriate treatment for both conditions
differs.

Therefore, the aim of this study is to identify imaging
characteristics that are able to detect inflammatory activ-
ity. We will explore this by comparing the MMI results ob-
tained during the active stage of disease with the results ob-
tained during the inactive stage within the same patient.
Moreover, we aim to find imaging characteristics distin-
guishing CNV activity from inflammatory activity. By iden-
tifying these imaging characteristics, we hope to provide
clinicians more guidance in the challenging process to eval-
uate multimodal imaging in this patient group.

METHODS

This is a single-center prospective observational cohort
study performed at the University Medical Center Utrecht,
Utrecht, the Netherlands. The study was performed in ac-
cordance with the tenets of Helsinki, and approval for this
study was waived by the institutional review board (METC
Utrecht). All study participants provided written informed
consent to use medical data for research purposes.

* STUDY POPULATION: Patients were included between
April 2019 and January 2022, and the last imaging set was
obtained in July 2022. All patients were diagnosed with id-
iopathic MFC based on predefined criteria. These criteria
were in line with the later published criteria of the Stan-
dardization of Uveitis Nomenclature (SUN) criteria’?!
with the additional criteria of posterior pole involvement
and the absence of retinal vasculitis and papillitis. Alter-
native diagnoses were ruled out by diagnostic workup, in-
cluding but not limited to tuberculosis, sarcoidosis, tox-
oplasmosis, and birdshot chorioretinopathy. Patients with
other forms of idiopathic choroiditis including serpiginous
choroiditis and relentless placoid chorioretinitis were ex-
cluded. Patients with idiopathic MFC were included in
this study if 2 sets of multimodal imaging were present.
The modalities ICGA, SD-OCT, and SD-OCTA had to be
available in both multimodal imaging sets to be eligible for
inclusion.

* IMAGE ACQUISITION AND PROCESSING: After pupil di-
latation, all imaging modalities were performed consecu-
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tively and consisted of enhanced depth imaging SD-OCT
with TruTrack Active Eye Tracking, FA-ICGA, FAF, near-
infrared imaging (Spectralis HRA-OCT; Heidelberg En-
gineering), color fundus photography (FF 450 plus; Carl
Zeiss Meditec), and SD-OCTA (SD-OCT Angioplex Cir-
rus HD-OCT 5000; Carl Zeiss Meditec). The imaging re-
sults of the SD-OCT existed of 1 volume of 20° x 20°
(25 horizontal B-scans averaged 9 times) and 2 volumes of
20° x 5° covering the macular area (7 horizontal and 7 ver-
tical B-scans averaged 25 times).

For acquiring FA-ICGA images, patients received stan-
dard dye dose of 4 mL of 100 mg/mL sodium fluorescein and
4 mL of 5 mg/mL indocyanine green. Information on the
early and late phase was obtained and pictures were taken
up until 30 minutes after injection of the dye. The Cirrus
Angioplex has an A-scan rate of 68 000 per second and the
AngioPlex software uses an algorithm (the "Optical Micro
Angiography Complex”) that is based on both amplitude
and phase differences between consecutive B-scans. Both
6 x 6-mm and 3 x 3-mm SD-OCTA images from the mac-
ular area were obtained.

o ASSESSMENT OF DISEASE ACTIVITY: The assessment of
disease activity consisted of several steps.

Step 1

An ETDRS (Early Treatment Diabetic Retinopathy Study)
grid overlay was added to the ICGA image of 20 minutes
for both imaging sets by one grader (E.G.). The location
of the ETDRS grid was determined based on the foveal pit
visualized on SD-OCT. All lesions with a diameter of more
than 150 um within the ETDRS grid on the ICGA image of
both sets were numbered with a maximum of 6 lesions per
eye. If more lesions could be identified, the lesions showing
the most dynamism between the 2 sets were selected.

Step 2

Two experienced uveitis and/or retina specialists (J.O. and
N.t.D.) assessed all lesions independently for the presence
of inflammatory activity and CNV activity. Assessment was
based on all available imaging results in combination with
the information in the medical records regarding symp-
toms, ophthalmic examination, ophthalmic medical his-
tory, and treatment. Both the development of new lesions
and reactivation in preexisting lesions were considered as
inflammatory activity. Generally, both the development of
new CNV, growth of preexistent CNV, and local exuda-
tion/hemorrhage were considered as signs of CNV activity.
The lesions were scored as either active inflammation with-
out active CNV, active inflammation with active CNV, or
inactive. Disagreement was resolved by discussion.

Lesions that were scored as active in one imaging set and
inactive in the other imaging set were selected for further
analysis (Figure 1). In addition, for all the lesions that were
scored as inflammation without active CNV, we evaluated
if the lesions had signs of preexisting and inactive CNV.
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FIGURE 1. Flowchart visualizing patient and lesion selection. Patients were selected if MMI was available during the active and
inactive stage of disease. In these patients, only the lesions were selected that were graded as active in one MMI set, and inactive
in the other MMI set. 'MMI included fundus photography, fundus autofluorescence, near-infrared imaging, optical coherence to-
mography, optical coherence tomography angiography, fluorescein angiography, indocyanine green angiography. CNV = choroidal

neovascularization, MMI = multimodal imaging.

This evaluation was based on all available imaging and in-
formation from the medical records.

e IMAGE ANALYSIS: All imaging modalities were graded
separately by the graders E.G. and C.K. (SD-OCTA by
graders ].O. and E.G.). All imaging results were evaluated
independently, and in case of disagreement this was re-
solved by discussion. Continuous variables were remeasured
when values deviated by more than 20%; otherwise, results
were averaged. All graders were masked for the outcome of
the disease activity assessment, information from the medi-
cal records, and the results of the other imaging modalities.
For a detailed description and examples of the imaging char-
acteristics, see Supplemental Table S1 and Supplemental
Figures S1-S3. The focal choroidal thickness was measured
directly underneath the lesion at an identical location in
both imaging sets. In addition, the choroidal thickness was
measured at a single location distant from the lesions (at
3 mm extrafoveal, first or last line of the 20° x 20° hori-
zontal SD-OCT scan) also at an identical location in both
imaging sets.
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SD-OCTA scans were evaluated for the presence of vas-
cular structures and flow void, and we first assessed all slabs
dynamically. To assess the presence and morphology of vas-
cular structures on SD-OCTA in more detail, we evaluated
a segmentation slab ranging from 80 um above the RPE
to 29 um below the RPE (slab was adjusted for individ-
ual cases if needed to improve assessment). To assess the
presence and extensiveness of flow void in the choriocap-
illaris, a segmentation slab ranging from 29 to 49 um be-
low the RPE was evaluated. Imaging characteristics regard-
ing ICGA were evaluated on an image obtained in the late
phase (30 #+ 10 minutes). To grade fluorescence patterns on
FA, early (30 seconds to 2 minutes) and late phase (10-20
minutes) images were evaluated.

o STATISTICAL ANALYSIS: Data analyses were performed
in RStudio, version 1.2.5001 (RStudio Team), and R, ver-
sion 3.6.1 (R Foundation for Statistical Computing). Imag-
ing characteristics were compared between the active and
inactive stage of the disease using the Wilcoxon signed-
rank test (continuous variables) or McNemar test (categor-
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ical variables). Imaging characteristics between inflamma-
tory lesions with and without CNV activity were compared
using the x? test (or Fisher exact test) for categorical vari-
ables and the Wilcoxon rank-sum test for continuous vari-
ables. Correlation between variables were evaluated using
the Pearson correlation coefficient. FDR of 5% was used for
correcting for multiple testing. A P value of <.05 was con-
sidered significant.

RESULTS

e STUDY PARTICIPANTS: Multimodal imaging of 50 idio-
pathic MFC patients were obtained during the active and
inactive stage of the disease. In total 110 chorioretinal le-
sions were included that were imaged during both the active
and inactive stage of disease (Figure 1). Of these lesions, 96
were graded as lesions with inflammatory activity and with-
out CNV activity and 14 lesions were graded as inflamma-
tory activity with CNV activity. Figure 1 shows a complete
overview of the process of patient and lesion selection. The
patient characteristics are summarized in Table 1.

e IMAGING CHARACTERISTICS OF LESIONS WITH IN-
FLAMMATORY ACTIVITY: In total, 96 lesions were analyzed
that were graded as inflammatory lesions without CNV ac-
tivity. Several imaging characteristics were identified that
were associated with the presence of inflammatory activity
(Tables 2 and 3; Figures 2-5). The most important obser-
vations on SD-OCT during inflammatory activity were (1)
an increase in the focal choroidal thickness (mean 205 and
180 um; P < .001); (2) the presence of moderately reflec-
tive material located sub-RPE, in the outer retina or sub-
RPE with outer retina infiltration; and (3) disruption of the
ellipsoid zone (EZ) (P < .001) and the RPE (P < .1).
When no inflammatory activity was present, the moder-
ately reflective material was most likely to either disappear

TABLE 1. Patient Characteristics

Patients n = 50
Affected eyes n = 71

Age, y, mean (SD) 43.7 (11.8)
Female gender, n (%) 47 (94)
Bilateral disease, n (%) 21 (42)
History of CNV, n (%) of all eyes 57 (80)
Number of lesions per eye, median (IQR) 3(2t05.5)
Refractive error (D), mean (SD) of all -5.0 (4.3)

affected eyes

BCVA (logMAR), median (IQR) of all 0.027
affected eyes (—0.06 to 0.20)
Time between imaging sets, d, mean (SD) 386 (224)

BCVA = best-corrected visual acuity, CNV = choroidal neo-
vascularization, D = diopter, IQR = interquartile range.

48 AMERICAN JOURNAL OF OPHTHALMOLOGY

or become hyperreflective and indistinguishable from the
RPE (Figure 2). The EZ was most likely to be absent and
the RPE often remained disrupted (Figures 2 and 3). The
majority of the lesions demonstrated RPE hypertransmis-
sion enhancing the signal of the choroid, independent of
the presence of inflammatory activity (Table 2).

On FAF imaging, a hyperautofluorescent margin was
more often observed during the presence of inflammatory
activity (P < .01). However, note that this was only the
case for 40% of the lesions and in the absence of inflam-
matory activity; still 20% of the lesions demonstrated a hy-
perautofluorescent margin (Table 3; Figure 5). The area of
hypoautofluorescence on FAF was significantly lower dur-
ing the presence of inflammatory activity. This most likely
represents growth of the lesions over time and suggests
that multimodal imaging was first obtained during the pres-
ence of inflammatory activity in the majority of the cases
(Table 3; Figure 5).

All lesions were visible on ICGA imaging during the ac-
tive stage of the disease, and an increase in the area of hy-
pofluorescence on ICGA imaging was observed compared
to the inactive stage of the disease (median 0.49 and 0.38
mm?; P < .001). This increase was especially apparent when
this area was compared to the hypoautofluorescent area on
FAE During the active stage of the disease, the SD-OCTA
demonstrated flow void in 96% of the lesions, and again
the area of flow void was increased (Figures 4 and 5). Dur-
ing the inactive stage of the disease, 96% of the lesions was
visible on the ICGA image and 82% of the lesions on SD-
OCTA. The hypofluorescent area on ICGA showed a high
correlation with the flow void on SD-OCTA both during
the presence (r = 0.92) and absence (r = 0.88) of inflam-
matory activity.

e DISTINGUISHING CNV ACTIVITY FROM INFLAMMA-
TORY ACTIVITY: To distinguish CNV activity from inflam-
matory activity, we compared the lesions graded as inflam-
mation with active CNV (n=14) with lesions graded as in-
flammation without active CNV (n=96). We found that
signs of active CNV on SD-OCT were (1) material with
a mixed reflectivity (both moderately and hyperreflective
parts) in the subretinal space (P < .001), (2) hypotrans-
mission of light to the choroid (P < .05), and (3) the pres-
ence of fluid (P < .001) (Figure 6). Moreover, leakage on
FA was more often observed in lesions with CNV activity
(P < .01).

SD-OCTA identified vascular structures in 100% of the
lesions with CNV activity (if the imaging quality of the
SD-OCTA was sufficient). Also in 20 of the inflammatory
lesions without CNV activity, a vascular structure was ob-
served. Of these 20 lesions, 19 were known to have preexis-
tent and inactive CNV (Table 4; Figure 6). No differences
in the morphology of the vascular structures were identified
between the lesions with active and inactive CNV (Sup-

plemental Table S2).

AUGUST 2023



TABLE 2. Imaging Results of Inflammatory Lesions (n=96)—SD-OCT and SD-OCTA

Active Inflammation Inactive Inflammation P Value?
SD-OCT n=96 lesions n=96 lesions
Location of material® <.001°
No material 14 (15) 59 (61)
Sub-RPE 24 (25) 6 (6)
Indistinguishable from the RPE 10 (10) 29 (30)
Outer retina 20 (21) 0(0)
Sub-RPE with outer retinal infiltration 28 (29) 2(2)
Reflectivity of material® <.001¢
No material 14 (15) 59 (61)
Moderately reflective 64 (67) 6 (6)
Hyperreflective 7(7) 29 (30)
Mixed 11 (11) 2(2)
EZ° <.001¢
Continuous 3(3) 19 (20)
Disrupted 85 (89) 32 (33)
Absent 8 (8) 45 (47)
RPEP <.o01f
Continuous 11 (11) 26 (27)
Disrupted 83 (86) 61 (64)
Absent 2(2) 9(9)
RPE transmission® 72
Normal transmission 27 (28) 26 (27)
Hypertransmission 65 (68) 68 (71)
Hypotransmission of light to the choroid 4 (4) 2(2)
Fluid >.99
None 88 (92) 88 (92)
Atrophic cysts (>50 um) 7(7) 7(7)
Subretinal fluid 1(1) 1(1)
Intraretinal fluid (=50 um) 0(0) 0(0)
Choroidal thickness underneath the lesion in um, mean (SD) 205 (95) 180 (95) <.001
Choroidal thickness (distant from lesions) in um, mean (SD)?¢ 194 (70) 188 (68) 12
SD-OCTA" n==84 lesions n==84 lesions
Flow void visible 81 (96) 69 (82) <.01
Blurry borders of flow void 75 (93) 60 (87) .57
Area of flow void, mm?, median (IQR) 0.20 (0.10-0.43) 0.16 (0.05-0.44) <.001

EZ = ellipsoid zone, RPE = retinal pigment epithelium, SD-OCT = spectral-domain optical coherence tomography, SD-OCTA = spectral-
domain optical coherence tomography angiography.

Unless otherwise noted, values are n (%).

4lmaging characteristics were tested with the McNemar test or the Wilcoxon signed-rank test. False discovery rate correction at 5% was
applied to all the imaging characteristics in Table 2 and 3 combined.

PEvery lesion was classified into one of the categories. If the EZ and RPE demonstrated disruption at some location in the lesion, it was
graded as disrupted. The transmission of the RPE was graded according to the category that was predominantly present.

°The proportion of lesions with and without outer retina involvement were tested between the active and inactive disease.

9Both the proportion of lesions with moderately reflective material vs no material and moderately reflective material vs hyperreflective material
was significantly different between the active and inactive disease.

¢Both the proportions of lesions with absent EZ vs disrupted EZ and continuous EZ vs disrupted EZ were significantly different between the
active and inactive disease.

"The proportion of lesions with disrupted RPE vs continuous RPE was significantly different between the active and inactive disease.

9The choroidal thickness was measured once per eye at 3 mm extrafoveal (first or last line of the horizontal SD-OCT scan) at a single location
distant from the lesions at an identical position in both imaging sets.

hMissing data for 12 lesions: 11 lesions due to poor imaging quality and 1 lesion was located outside the scan area.
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TABLE 3. Imaging Results of Inflammatory Lesions (n=96)—Other Imaging Modalities

Active Inflammation Inactive Inflammation P Value?
Lesion visible on
Fundus picture (n=87 °) 84 (97) 85 (98) >.99
Hyperpigmentation 45 (54) 48 (56) .59
Blurry borders 67 (80) 61 (72) A2
Hemorrhage 0 (0) 0(0) —
IR (n=96) 94 (98) 90 (94) .20
Hyperreflective lesion 81 (86) 78 (87) .59
Hyporeflective margin 53 (56) 38 (42) .05
Blurry borders 73 (78) 57 (63) .04
FAF (n=91°) 86 (95) 89 (98) .49
Hyperautofluorescent margin 34 (40) 18 (20) <.01
Lesion area mm?, median (IQR) 0.27 (0.10 to 0.75) 0.32 (0.13t0 0.79) <.001
Patchy hyperautofluorescence of affected eyes (n=44) 5 (11) 2 (5) .35
FA (n=89°) 86 (97) 86 (97) —
Leakage 4 (4) 0(0) .20
ICGA (n=96) 96 (100) 92 (96) .20
Hypofluorescence 81 (84) 77 (84) >.99
Blurry borders 87 (91) 72 (78) .04
Lesion area, mm?, median (IQR) 0.49 (0.27 to 1.25) 0.38 (0.17 t0 0.92) <.001
% difference in area FAF and ICGA, median (IQR) 74 (25 to 145) 9 (-10 to 49) <.001

FA = fluorescein angiography, FAF = fundus autofluorescence imaging, ICGA = indocyanine green angiography, IQR = interquartile range,

IR = infra-red imaging.
Unless otherwise noted, values are n (%).

4lmaging characteristics were tested with the McNemar test or the Wilcoxon signed-rank test. False discovery rate correction at 5% was

applied to all the imaging characteristics in Table 2 and 3 combined.

bMissing data due to poor image quality/missing imaging: Fundus picture n = 9 lesions, FAF imaging n = 5 lesions, FA imaging n = 7 lesions.

The area of hypofluorescence on ICGA and flow void
on SD-OCTA was larger in lesions with active CNV com-
pared to all inflammatory lesions (Table 4). When compar-
ing the lesions with active CNV (n=14) with inflamma-
tory lesions with preexistent and inactive CNV (n=46), all
imaging characteristics were still significantly different ex-
cept for the area of hypofluorescence on ICGA and area of
flow void on SD-OCTA. Results for all the imaging charac-
teristics are summarized in Supplemental Tables S2 and S3.

DISCUSSION

In lesions of idiopathic MFC patients, we identified imaging
characteristics associated with inflammatory activity. These
characteristics included an increased focal choroidal thick-
ness, disruption of the EZ and the presence of moderately re-
flective material located sub-RPE and/or in the outer retina.
Moreover, we observed an increase in the hypofluorescent
area on ICGA and in the area of flow void on SD-OCTA.

We showed that inflammatory activity in a lesion was
associated with an increase in the focal choroidal thick-
ness. This phenomenon was previously described by Giuffre
and associates as the “sponge sign” and they observed this
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phenomenon in lesions with inflammatory CNV and not
in myopic CNV."” Zhang and associates also described an
increase in the choroidal thickness in lesions with inflam-
matory activity.!! Interestingly, in line with the report of
Zhang and associates, we also found a trend of increased
choroidal thickness in the posterior pole at a distant from
the focal inflammatory activity (P = .06; P,g; = .10). This
suggests that the choroid and choriocapillaris of a large area
in the posterior pole is affected by the focal inflammatory
activity. In the current study, the choroidal thickness was
compared within the same patient and not between pa-
tients. Therefore, our results were not influenced by the
level of refractive error, age, and gender.

On ICGA, the lesions showed hypofluorescent areas that
were increased in size during inflammatory activity. The
hypofluorescent areas on ICGA are suggested to represent
hypoperfusion of the choroid and choriocapillaris.’!!?%»2?
When inflammatory activity is absent, the hypofluorescent
areas represent hypoperfusion of the lesions due to atrophy.
In this case, the area corresponds with the area of RPE loss
(window defect on FA and hypoautofluorescence on FAF).
However, lesions with inflammatory activity demonstrate
hypofluorescent areas with blurry borders extending beyond
the atrophic areas. This indicates that a larger area of the
choriocapillaris endures hypo- or nonperfusion.
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FIGURE 2. Disease activity in inflammatory lesions—Example 1. During the active stage of disease, moderately reflective sub-RPE
material is observed with a disruption of the EZ and the RPE and subtle increase in the choroidal thickness below the lesion. In
the inactive stage of the disease, the lesion demonstrates hyperreflective material indistinguishable from the RPE, the EZ has mostly
recovered and the RPE is still disrupted. EZ = ellipsoid zone, RPE = retinal pigment epithelium.

In this study, we demonstrate that the areas of hypofluo-
rescence on ICGA correlate with the areas of flow void on
SD-OCTA and that also the area of flow void on SD-OCTA
increased during inflammatory activity. Because both imag-
ing characteristics represent choriocapillaris hypoperfusion,
this finding was expected but has not been confirmed be-
fore in idiopathic MFC. In line with other reports, lesions
with inflammatory activity typically demonstrated moder-
ately reflective sub-RPE material often infiltrating the outer
retina with disruption of the EZ and RPE.!%!":13:2% When
inflammatory activity was not present, this material was
most likely to disappear or become hyperreflective, the RPE
often remains disrupted, and the EZ was most likely to dis-
appear.

We suggest that this shift from moderately reflective to
hyperreflective material or vice versa is the result of the de-
velopment of fibrosis (hyperreflective) in the inactive stage,
which can again become moderately reflective after the in-
filtration of inflammatory cells. The EZ and RPE are most
likely disrupted because of infiltration of inflammatory cells
and local ischemia due to the hypoperfusion of the chorio-
capillaris.

In this study, no variables related to fundus photogra-
phy were associated with inflammatory activity. Histori-
cally, fundus photography visualizes inflammatory activity
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in lesions as blurry and creamish-white-colored regions in
the posterior pole.*!! Perhaps this is only the case for new
lesions, and most lesions assessed in this study were preexist-
ing with reactivation of the inflammatory activity. We sug-
gest that fundus photography is able to identify inflamma-
tory activity in new lesions, but has a low sensitivity for the
detection of inflammatory activity in preexisting lesions.

Additionally, we found that CNV activity was associated
with the presence of a vascular structure on SD-OCTA,
leakage on FA, and mixed reflective subretinal material and
hypotransmission of light to the choroid on SD-OCT. Loss
of signal in the choroid has previously been associated with
secondary CNV and is most likely the result of blockage
of the SD-OCT signal by the vascular structure.'>'%% In
the current study, hypotransmission was more often present
in lesions with CNV activity compared to lesions with in-
flammatory activity. However, the majority of the lesions
with CNV activity demonstrated predominantly RPE hy-
pertransmission.

The hypotransmission of light to the choroid is often
transient and is only associated with active CNV and be-
comes less frequent when the CNV is inactive. Moreover,
lesions with CNV activity often demonstrated mixed reflec-
tivity within the lesion, which could be used to distinguish
CNV from inflammation. Nevertheless, note that this is
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FIGURE 3. Disease activity in inflammatory lesions—Example 2. A. Two active lesions can be identified on this SD-OCT image
indicated with the white and red arrow. Disease activity can be recognized by the increased choroidal thickness beneath the lesions,
moderately reflective material located either sub-RPE (white arrow) or sub-RPE with outer retinal infiltration (red arrow). B. During
the inactive stage, normalization of the choroidal thickness can be observed with disappearance of the moderately reflective material.
C. The ICGA image taken after 20 minutes during active disease shows blurry hypofluorescent areas at the location of both lesions.
D. The ICGA image taken after 20 minutes during inactive disease shows disappearance of the blurry hypofluorescent areas (red
arrow) or decrease in size of the areas (white arrow). ICGA = indocyanine green angiography, RPE = retinal pigment epithelium,
SD-OCT = spectral-domain optical coherence tomography.
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FIGURE 4. Disease activity in inflammatory lesion—Example 3. During the inactive stage of disease, we observe a hypofluorescent
area with sharp boundaries on the ICGA image (A), a small area of flow void in the choriocapillaris slab (black dotted lines represents
the upper and lower boundaries of this slab) on the SD-OCTA image (C), absent EZ and absent RPE in a small area on the SD-OCT
(E). During the active stage of the disease, we observe an increased hypofluorescent area with blurry boundaries on the ICGA
image (B), corresponding with an increased area of flow void in the choriocapillaris on SD-OCTA (D). On the SD-OCT (F), no
clear signs of disease activity can be identified. The choroidal thickness is not increased, there is no material visible, and the EZ
and RPE are still absent. The width of the area of EZ and RPE absence and hypertransmission of the RPE has slightly increased
as indicated with the double black arrows. EZ = ellipsoid zone, ICGA = indocyanine green angiography, RPE = retinal pigment
epithelium, SD-OCTA = spectral-domain optical coherence tomography angiography, SD-OCT = spectral-domain optical coherence
tomography.
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FIGURE 5. Inflammatory and CNV activity in multiple lesions—Example 4. Black arrow indicates an inflammatory lesion with an
active CNV, the red arrows indicate inflammatory lesions without CNV. A and E. FAF imaging demonstrating considerable growth
of the hypoautofluorescent areas between the 2 sets. Hyperautofluorescent halo (black arrow) can be observed surrounding several
lesions during active disease (A), which is absent for the majority of the lesions during the inactive disease (E). B and F. ICGA imaging
taken at 30 minutes after injection of dye. Large and blurry areas of hypofluorescence during active disease (B) mostly decreasing
in size (black arrow) or resolving (red arrows) during inactive disease (F). C and G. SD-OCTA images of the choriocapillaris slab
demonstrating large areas of hypoperfusion during active disease (C). During the inactive disease (G), some of these areas decrease
(black arrow) or completely resolve (red arrows) and some have increased because of growth of the atrophic areas. D and H. SD-
OCT images. During the active disease (D) the lesion indicated with the black arrow demonstrates both subretinal and sub-RPE
material with EZ and RPE disruption in the active phase with mixed reflectivity of the material. For the lesion indicated with the red
arrow, during the active stage sub-RPE moderately reflective material arises with RPE hypertransmission. In the inactive phase (H),
in the lesion with the black arrow the subretinal material disappears, the EZ is absent, and the RPE remains disrupted. For the lesion
with red arrow, the lesion has completely resolved with restoration of the RPE and EZ layers and the disappearance of the RPE
hypertransmission. CNV = choroidal neovascularization, EZ = ellipsoid zone, FAF = fundus autofluorescence, ICGA = indocyanine
green angiography, RPE = retinal pigment epithelium, SD-OCTA = spectral-domain optical coherence tomography angiography,
SD-OCT = spectral-domain optical coherence tomography.
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FIGURE 6. CNV activity. A and B. SD-OCT images. During the active phase (A), both moderately reflective and hyperreflective
material in the subretinal space and sub-RPE can be observed with disruption of both the RPE and EZ with predominantly hypo-
transmission of light to the choroid. During the inactive phase (B), the subretinal moderately reflective material disappears and the
RPE shows predominantly hypertransmission. C and D. SD-OCTA images of a slab between 80 pm above the RPE till 29 pm below
the RPE (black dotted lines represents the upper and lower boundaries of this slab). A vascular structure is visible both during the
active and inactive disease. During the active disease, both the area of the vascular network as the area of hypoperfusion or “halo”
surrounding the vascular network are larger. CN'V = choroidal neovascularization, EZ = ellipsoid zone, FA = fluorescein angiogra-
phy, RPE = retinal pigment epithelium, SD-OCT = spectral-domain optical coherence tomography, SD-OCTA = spectral-domain
optical coherence tomography angiography.
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TABLE 4. Imaging Characteristics Related to Activity of Choroidal Neovascularization

Inflammation With Active CNV (n=14 Lesions) Inflammation Without Active CNV (n=96 Lesions) P Value?

Location of material on SD-OCT <.001

No material 0 (0) 14 (15)

Sub-RPE 1(7) 24 (25)

Indistinguishable from the RPE 2 (14) 10 (10)

Subretinal* 5 (36) 0(0)

Outer retina 0(0) 20 (21)

Sub-RPE with outer retinal infiltration 0 (0) 28 (29)

Sub-RPE and subretinal* 6 (43) 0(0)
Reflectivity of the material on SD-OCT <.001

No material 0 (0) 14 (15)

Moderately reflective* 1(7) 64 (67)

Hyperreflective 0 (0) 7(7)

Mixed* 13 (93 11 (11)
RPE transmission on SD-OCT <.05

Normal transmission 3 (21 27 (28)

Hypertransmission 6 (43) 65 (68)

Hypotransmission of light to the choroid* 5 (36 4 (4)
Fluid on SD-OCT <.001°

No fluid 7 (50) 88 (92)

Intraretinal fluid 5 (36) 0(0)

Subretinal fluid (>50 pum) 5 (36) 1(1)

Atrophic cysts (>50 um) 2 (14) 7(7)
Leakage on FA°® 6 (46) 4 (4) <.01
Hypofluorescent area on ICGA, median (IQR) 1.72 (1.21-1.87) 0.49 (0.27-1.25) <.01¢
Vascular structure on SD-OCTA 12¢ (100) 20° (24) <.001
Area of flow void on SD-OCTA, median (IQR) 0.54 (0.43-1.27) 0.22 (0.11-0.51) <.01d

CNV = choroidal neovascularization, FA = fluorescein angiography, ICGA = indocyanine green angiography, RPE = retinal pigment epithe-
lium, SD-OCT = spectral-domain optical coherence tomography, SD-OCTA = spectral-domain optical coherence tomography angiography.

Unless otherwise noted, values are n (%).

2Results of the x? test (or Fisher exact test) for categorical variables and the Wilcoxon rank-sum test for continuous variables. False discovery
rate at 5% was applied for all tested imaging characteristics to correct for multiple testing. The categories that demonstrated significantly different
proportions between inflammatory lesions with and without active CNV are indicated with an asterisk (*).

bThe presence of fluid vs no fluid was tested (atrophic cysts were not included in the analysis).

°In one case with active CNV, no FA was performed because of a fluorescein allergy.

9When comparing the 14 lesions with active CNV with the 46 lesions with preexistent and inactive CNV, these imaging characteristics were

no longer significant.

¢SD-OCTA was not available for some lesions because of poor image quality or severe artifacts (2 lesions with active CNV and 12 lesions

without active CNV).

not pathognomonic because inflammatory lesions also can
demonstrate mixed reflectivity in the lesion.

Interestingly, Chen and associates reported that RPE dis-
ruption and RPE hypertransmission are early signs of sec-
ondary CNV.!" We suggest that these imaging character-
istics implicate inflammatory activity, which subsequently
is able to trigger the development of secondary CNV, ex-
plaining the association with secondary CNV. In line with
other reports, we confirm that lesions with CNV activ-
ity demonstrated vascular structures on SD-OCTA imag-
ing.'”?%?° However, we suggest that OCTA imaging is par-
ticularly useful to detect CNV activity in new lesions or
lesions without a history of CNV activity. We also demon-
strate in this study that the SD-OCTA seems less useful for
detecting CNV activity in lesions with a history of CNV,
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because these lesions often still demonstrate flow on the
SD-OCTA.*%%8

It is still subject of debate what the initially targeted
structure is in idiopathic MFC. Some advocate the outer
segments of the photoreceptors are first targeted in id-
iopathic MFC and that subsequently the recruitment of
inflammatory cells results in hypoperfusion of the chori-
ocapillaris, increase in the choroidal thickness, and the
accumulation of material in the outer retina and under
the RPE.!! Others believe that the choriocapillaris is
first targeted, resulting in hypoperfusion in the chori-
ocapillaris with subsequent ischemia. In line with this
theory, the local ischemia will result in the alterations

observed in the EZ layer and recruitment of inflammatory
cells.””
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Interestingly, in Figure 4 we show a case with inflam-
matory activity in a lesion that only demonstrated in-
creased hypoperfusion in the choriocapillaris without other
signs of inflammatory activity, including no increase in the
choroidal thickness and no accumulation of material un-
der the RPE or in the outer retina. Even though no direct
conclusions can be drawn, this suggests that the initially
targeted structure is indeed the choriocapillaris.

We believe our results can be used in future studies to
improve the monitoring of patients with idiopathic MFC.
Future studies could explore the positive and negative pre-
dictive value of these imaging characteristics using a larger
cohort and a cross-sectional study design. In this study,
we measured the choroidal thickness only at a single lo-
cation for each lesion. In case of choroidal excavation, an
additional line was drawn to simulate the normal retinal
structure to avoid overestimation of the difference of the
choroidal thickness between the active and the inactive
stage. Note that the number of cases with choroidal exca-
vation was low and therefore the influence on the outcomes
in this study was limited.

Future studies regarding automated quantification of
choroidal parameters, including choroidal thickness and to-
tal choroidal volume, could investigate whether these vari-
ables can be used for the early detection of disease activity.’!
Moreover, it would be interesting to explore the choroidal
thickness and visualization of flow voids using the addi-
tional swept-source technology. Furthermore, in this study
not all lesions could be assessed on SD-OCTA imaging be-
cause of poor imaging quality and severe artifacts, especially
in patients with very high myopia.

The technology regarding OCTA imaging is continu-
ously evolving, and we believe this imaging modality will
have a prominent position in the monitoring of idiopathic
MEC patients in the future. In the current study, we mea-
sured the area of flow voids manually, making this a time-
consuming measurement not suitable for clinical practice.
If this could be automatized using specific algorithms, this

would probably improve the accuracy of this measurement
and make it suitable for clinical practice. Ideally, the OCTA
would eventually replace the invasive imaging modality
ICGA for visualization of hypoperfusion in the choriocap-
illaris. The areas of hypoperfusion are shown to respond to
therapy in small case studies’”** and could perhaps be used
in the future as end points for larger clinical trials concern-
ing the treatment of idiopathic MFC.

Strengths of the current study were the relatively high
number of included patients and the evaluation of the same
lesions between the active and inactive stage of the disease.
A limitation of this study is the absence of absolute criteria
to determine activity in a lesion. To minimize the effect of
this limitation, we deliberately included 2 clinical experts
and 2 nonclinical graders, who all independently scored the
imaging characteristics. The experts considered all the fea-
tures together, whereas the nonclinical graders considered
each imaging feature separately, without knowing the dis-
ease activity status. Although we recognize the lack of a
gold standard, we carefully weighted all options and trust
that the independent judgement of 2 experienced clinicians
is an appropriate alternative.

Other limitations of this study were the low number of
lesions with CNV activity, resulting in limited power to de-
tect imaging characteristics indicating CNV activity. More-
over, the image quality of the SD-OCTA was too poor
for evaluation in a considerable proportion of the lesions.
Lastly, both because of technical reasons and the COVID-
19 pandemic, not all imaging modalities were available in
all cases.

In conclusion, inflammatory activity in idiopathic MFC
patients is associated with an increased focal choroidal
thickness, moderately reflective material in the outer retina
with disruption of the EZ, and increased areas of hypoper-
fusion in the choriocapillaris. These imaging characteristics
can guide clinicians in the challenging process to evaluate
disease activity on multimodal imaging in idiopathic MFC
patients.
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