Clinical Ophthalmology Dove

ORIGINAL RESEARCH

Association of Retinal Pigment Epithelium
Reflectivity on Optical Coherence Tomography
with Recurrence of Vogt—Koyanagi—Harada
Disease: A Retrospective Observational Study

Yoshimichi Hirota, Yuki Muraoka(?, Takahiro Kogo, Masaharu Ishikura, Shin Kadomoto,
Naomi Nishigori, Keniji Ishihara, Satoshi Morooka, Akihito Uji, Akitaka Tsujikawa

Department of Ophthalmology and Visual Sciences, Kyoto University Graduate School of Medicine, Kyoto, Japan

Correspondence: Yuki Muraoka, Department of Ophthalmology, Kyoto University Graduate School of Medicine, Shogoin Kawahara Cho 54, Sakyo
Ku, Kyoto City, Kyoto Prefecture, 606-8507, Japan, Tel +81-75-751-3248, Fax +81-75-752-0933, Email muraoka@kuhp.kyoto-u.ac.jp

Purpose: Despite the necessity of optical coherence tomography (OCT) for diagnosis and longitudinal monitoring in patients with
Vogt—Koyanagi—Harada (VKH) disease, no studies have identified useful OCT markers for predicting recurrence in these patients.
Although the precise reason for this remains unclear, one possibility is that infiltration of inflammatory cells into the choroid attenuates
the OCT signal, making it difficult to precisely assess the structure of the choroid. Therefore, this study aimed to investigate changes in
retinal pigment epithelium (RPE) reflectivity immediately above the choroid in eyes with acute VKH disease, as well as the association
between RPE reflectivity and VKH disease recurrence.

Patients and Methods: This single-centered retrospective observational study included 20 treatment-naive patients with acute VKH
disease presenting with serous retinal detachment (SRD) in the posterior pole at the initial visit between October 2015 and
January 2020, as well as 15 healthy control eyes. All patients were followed up for at least 6 months and received treatment with
intravenous methylprednisolone followed by oral administration of prednisolone. Swept-source OCT images through the fovea were
used to measure central retinal thickness, central choroidal thickness, and RPE reflectivity.

Results: During an observation period of 37.2 + 30.8 months, recurrence of inflammation was observed in 11 patients (55.0%). Initial
visual acuity was worse in patients who developed recurrence than in those who did not (P=0.024). On initial OCT images, RPE
reflectivity differed significantly between patients with and without recurrence (1.75 = 0.42 vs 1.35 £ 0.20; P=0.018), while there were
no significant differences in other chorioretinal parameters, such as central retinal thickness and choroidal thickness.

Conclusion: RPE reflectivity on OCT images may be useful for predicting the recurrence of inflammation in patients with VKH
disease.
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Introduction
Vogt—Koyanagi—Harada (VKH) disease is an immune-mediated disease that affects melanocyte-containing organs' and
tends to occur in patients with more pigmented skin, especially those of Asian, Hispanic, and American Indian descent.** In
the acute phase, patients with VKH disease often exhibit bilateral and granulomatous pan-uveitis, systemic symptoms, such as
headache and neck stiffness, and auditory disturbances associated with meningitis and inflammation of the inner ear.**
Moreover, the recurrence of VKH disease often results in symptoms that are more severe than those experienced
during its initial onset. This increased severity can significantly raise the potential for visual function impairment,
emphasizing the importance of careful steroid tapering in cases prone to recurrence.® In addition, recurrence not only
worsens visual prognosis but also raises the possibility of reinitiating or escalating steroid treatment, potentially exposing
patients to the associated side effects.
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Further pathologic changes, such as bullous serous retinal detachment (SRD),”** undulation of the choroid and retinal

pigment epithelium (RPE) layer,()*14 10,12,15-19

and marked choroidal thickening are frequently observed in patients with
severe inflammation at the posterior pole. These pathologic changes involving the macula can cause severe visual
impairments. Although steroid therapy is especially effective for rapidly ameliorating these changes, inflammation can
recur when the steroid dose is reduced or its administration is discontinued.*?

Optical coherence tomography (OCT) is essential in clinical practice for diagnosing VKH disease, longitudinal monitor-
ing, and assessing treatment efficacy.®**** Recent technological advancements in OCT, particularly enhanced depth imaging
(EDI), and swept-source (SS) OCT, have greatly facilitated the evaluation of the chorioretinal characteristics in VKH patients.
Notably, OCT findings, such as SRD,’ choroidal folds,'*'* and choroidal thickening,'®*' may suggest the severity of VKH
disease. However, the full potential of OCT in predicting the recurrence of VKH disease remains unelucidated.

Ganesh et al reported that VKH cases with a considerable initial subfoveal choroidal thickness are more likely to have
a recurrence of inflammation.® However, in clinical practice, a large number of cases with significant initial subfoveal choroidal
thickness may not experience a recurrence. The underlying reason for the limited utility of OCT markers remains uncertain. One
possible explanation is that the infiltration of inflammatory cells into the choroid weakens the OCT signal, which impedes
a precise assessment of the choroid structure.® Although OCT provides valuable insights, it may not entirely capture the complex
pathophysiology of VKH disease recurrence. Therefore, further research is required to identify more reliable markers of
recurrence.

This study aimed to investigate changes in the RPE layer immediately above the choroid in eyes with acute VKH
disease, and the association between RPE reflectivity and VKH disease recurrence.

Materials and Methods

Patients

The current observational study was approved by the Institutional Review Board of Kyoto University Graduate School of
Medicine (Kyoto, Japan) (approval number: 0352) and adhered to the tenets of the Declaration of Helsinki. Written
informed consent was obtained from all patients.

The study included treatment-naive patients with acute VKH disease, characterized by the initial onset of symptoms,
presenting with SRD in the posterior pole (SRD type) at the initial visit and who could be followed up for at least 6
months. Patients with VKH disease other than the SRD type (disc or anterior segment type) and those undergoing steroid
treatment for other systemic diseases were excluded. Additional exclusion criteria were as follows: ocular trauma; other
forms of uveitis; posterior scleritis; and other chorioretinal diseases, such as pachychoroid spectrum diseases, including
central serous chorioretinopathy, acute posterior multifocal placoid pigment epitheliopathy, and age-related macular
degeneration. Eventually, 20 patients (40 eyes) with SRD-type VKH disease who had visited the Department of
Ophthalmology at Kyoto University Hospital between October 2015 and January 2020 met our eligibility criteria.

Additionally, we included 15 healthy eyes from 15 age-matched volunteers (mean age: 52.6 years [30—70 years]) in
our database as a control group.

At the initial examination, all patients with VKH disease underwent a complete systemic examination (blood test,
spinal fluid test, and hearing test) and an extensive ophthalmic assessment to measure refraction, decimal best-corrected
visual acuity based on 5-m Landolt charts, and intraocular pressure. Slit-lamp biomicroscopy, color fundus photography,
fluorescein and indocyanine green angiography (Spectralis HRA+OCT; Heidelberg Engineering, Heidelberg, Germany),
and swept-source EDI of SS-OCT (Topcon 3D-2000 OCT; Topcon Corporation, Tokyo, Japan) were also performed.

After the diagnosis of VKH disease, patients received intravenous methylprednisolone (200 mg/day for 3 days,
followed by 150 mg/day for 3 days, followed by 100 mg/day for 3 days), followed by a tapering oral prednisolone
regimen (starting dose of 0.6-0.7 mg/kg/day). This treatment protocol has been used in our institution and other

centers, 12,24

even though it might be considered suboptimal compared to regimens that begin with 1g/day of intravenous
methylprednisolone. We acknowledge that variability in steroid treatment regimens can influence the results, including

the recurrence rate, and this is a potential limitation in our study. Immunomodulatory agents were not used in this study
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due to our standard practice for first-episode acute VKH, although we acknowledge that the addition of such agents might
have influenced the results. Treatment effects were monitored with weekly OCT imaging until the resolution of SRD.

Measurements of Central Retinal and Choroidal Thickness
To assess the retinal and choroidal condition, we obtained the horizontal and vertical SS-OCT B-scan images with

a width of 12 mm and a depth of 2.6 mm through the center of the fovea. We measured central retinal thickness (CRT)
and central choroidal thickness (CCT) in each B-scan image and averaged them. CRT was defined as the distance from
the inner limiting membrane to the inner border of RPE layer, and CCT was defined as the distance from the outer border

of the RPE layer to the choroid—sclera interface. When the central choroid was so thick that the choroid—sclera interface

was obscure, the CCT was assigned a value of 1000 pm.

Quantification of Retinal Pigment Epithelium Reflectivity on Optical Coherence
Tomography

For evaluating the degree of the inflammation in the RPE layer, we measured the reflectivity of RPE in the vertical
SS-OCT B-scan images (Figure 1a) using ImagelJ software (National Institutes of Health, Bethesda, Maryland, USA,
http://rsb.info.nih.gov/ij/index.html). RPE was defined as the point with the highest reflectivity in the depth direction
of the RPE layer by using plot profile as shown in Figure 1b. We measured and averaged the reflectivity at 10
randomly selected RPE points. According to previously published methods, we used the reflectivity of the vitreous
body and retinal nerve fiber layer (RNFL) as the standard in each image, and we defined the level in the vitreous as
0 and in the RNFL as 1 after measuring each averaged reflectivity (Figure 1c).> RPE reflectivity was calculated as

follows:
RPE reflectivity = (reflectivity of the RPE — reflectivity of the vitreous body)/(reflectivity of the RNFL — reflectivity

of the vitreous body).
We used the data from the eye with a higher RPE reflectivity for the statistical comparisons.
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RPE reflectivity = Reflectivity of the RPE — Reflectivity of the vitreous body
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RNFL = retinal nerve fiber layer
RPE = retinal pigment epithelium

Figure | Evaluation of the reflectivity of RPE. (a) The vertical swept-source OCT B-scan images with a width of 12 mm and a depth of 2.6 mm through the center of the
fovea were obtained. (b) RPE was defined as the point with the highest reflectivity in the depth direction of the RPE layer by using a plot profile. (c) Ten points of the RPE
were randomly selected and their reflectivity was measured and averaged. The averaged reflectivity of the vitreous body and retinal nerve fiber layer (RNFL) as the standard
in each image was measured, and we defined the level in the vitreous as 0 and in RNFL as | after measuring each averaged reflectivity.
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Definition of Recurrence in Patients with Vogt—Koyanagi—Harada Disease

We defined VKH disease recurrence as the presence of ocular findings, such as keratic precipitates; a Standardization of
Uveitis Nomenclature (SUN) Working Group Grade of 2+ in anterior chamber cells;*® and re-development of SRD, RPE-
undulation, and choroidal thickening on OCT.

Statistical Analysis

Statistical analysis was conducted using PASW Statistics version 18.0 (SPSS, Chicago, IL). Descriptive statistics are
presented as the mean + standard deviation. For the comparison of variables between different groups, including the
measurements of RPE reflectivity in the high RPE reflectivity eye among VKH patients and the normal control group,
unpaired t-tests were performed.

Regarding eye selection, we included one eye per patient in our study. Specifically, we selected the eye with higher
RPE reflectivity for analysis. As a result, among VKH cases with recurrence, all patients exhibited recurrence findings in
the eye with higher RPE reflectivity.

Furthermore, we explicitly stated that normality (Shapiro—Wilk test) and homoscedasticity (Levene’s test) were
assessed prior to conducting the unpaired t-tests. This step was taken to ensure the validity of the statistical analysis.

Results

This study included 20 treatment-naive patients (9 men and 11 women) with VKH disease accompanied by SRD in the
posterior pole at the initial visit. The mean age of the included patients was 60.9 + 17.5 years (31-85 years; Table 1).
During a mean observational period of 37.2 = 30.8 months, recurrence of inflammation was observed in 11 patients
(55.0%), while no cases of recurrence were observed among the remaining 9 patients (45.0%). In all 11 patients with
recurrence of inflammation, the eye with a higher RPE reflectivity showed the signs of the recurrence.

Table 2 shows comparisons of various parameters between patients with and without recurrence of VKH disease. At
the initial visit, visual acuity was worse in patients who developed recurrence than in those who did not (P=0.024). SS-
OCT images obtained at the initial visit revealed that the RPE reflectivity was 1.35 £ 0.20 in patients without recurrence,
which was not significantly different from that observed in control participants (1.34 = 0.15, P=0.896). In contrast, the
RPE reflectivity was 1.75 £ 0.42 in patients with recurrence, which was significantly greater than the value observed in
patients without recurrence (P=0.018, Figure 2). There were no significant differences in the duration from onset, CRT, or
CCT between patients with and without VKH disease recurrence (Table 2).

At the final visit, patients with recurrence had poorer visual acuity and greater CRT than patients without (P=0.045
and P=0.048, respectively). However, there were no significant differences in CCT or RPE reflectivity (Table 2).

Figure 3a shows a scatter plot of the RPE reflectivity at the initial visit. In most eyes with high RPE reflectivity, the
recurrence of inflammation was observed. We created a receiver operating characteristic curve, wherein the RPE

Table | Clinical Characteristics of Included Patients with
Vogt—Koyanagi—Harada Disease

Age (y) 60.9 £ 17.5
Initial examination
Duration after onset (days) 16.9 + 25.9
LogMAR visual acuity 0.24 + 0.46
Snellen equivalent (range) 20/666-20/13
Central retinal thickness (um) 280.1 + 148.8
Central choroidal thickness (um) 869.1 + 1723
Final examination
Follow-up period (months) 372+ 308
LogMAR visual acuity 0.10 + 0.37
Snellen equivalent (range) 20/400-20/13

Abbreviation: LogMAR, logarithm of the minimal angle of resolution.
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Table 2 Comparisons of Clinical and Optical Coherence Tomography Parameters Among Healthy Controls and Patients with or
without Recurrence of Vogt—Koyanagi—Harada Disease

Healthy Controls n=15 VKH P value* P value**
Recurrence
Negative, n=9 Positive, n=11

At initial visit
Duration from presumed onset (days) N.A. 84 +82 23.8 £ 33.0 N.A. 0.061
LogMAR VA 0.06 + 0.20 —0.01 £0.10 0.44 £+ 0.55 0.196 0.024
Central retinal thickness (um) 184.9 £57.5 254.7 £ 96.3 302.3 £ 1875 0.034 0.557
Central choroidal thickness (um) 2432 £ 65.2 800.6 + 205.6 9224 + 129.1 <0.001 0.168
RPE reflectivity 1.34 £ 0.15 1.35 £ 0.20 1.75 + 0.42 0.045 0.018

At final visit
Observation period (months) N.A. 26.0 + 30.9 46.4 + 34.7 N.A. 0.187
Period until recurrence (months) N.A. N.A. 83118
LogMAR VA 0.06 = 0.20 —0.08 + 0.08 0.25 £ 0.45 0.768 0.045
Central retinal thickness (um) 184.9 £57.5 191.0 £ 19.6 2394 + 745 0.144 0.048
Central choroidal thickness (um) 2432 + 65.2 479.0 £ 204.1 416.8 = 197.3 <0.001 0.533
RPE reflectivity 1.34 £ 0.15 129 £ 0.14 1.51 £0.37 0.505 0.118

Notes: Data are presented as the mean * standard deviation unless otherwise indicated. *Comparisons between healthy controls and patients with and without signs of
VKH disease recurrence and **Comparisons between patients with and without signs of VKH disease recurrence were performed using unpaired t-tests, respectively.
Abbreviations: VKH, Vogt—Koyanagi—Harada; LogMAR, logarithm of the minimal angle of resolution; VA, visual acuity; RPE, retinal pigment epithelium.

reflectivity at the initial visit was set as the independent variable, and the presence or absence of future recurrence of

inflammation was set as the dependent variable (Figure 3b). The Youden index showed an RPE reflectivity of 1.4700; the
sensitivity and specificity at this time point were 72.73% and 88.89%, respectively.

Figure 2 RPE reflectivity on OCT in patients with acute Vogt—-Koyanagi-Harada (VKH) disease. (a, ¢, e, and g) Representative patient with VKH disease (62 years old,
female) who did not experience recurrence during follow-up. (a) At the initial visit, visual acuity (VA) was 20/40, central choroidal thickness (CCT) was 848 ym, and RPE
reflectivity was 1.12. (c) The reflectivity on the swept-source (SS) OCT image at the initial visit was adjusted as 0 for the vitreous body and | for the retinal nerve fiber layer
(RNFL). (e) One month after the initiation of steroid therapy, VA was 20/13. Choroidal thickening was still present; however, serous retinal detachment (SRD) had
disappeared, and the RPE had straightened. (g) After 6 months of steroid therapy, VA was 20/13, and no recurrence was observed. (b, d, f, and h) Representative patient (76
years old, female) who experienced a recurrence of VKH disease during follow-up. (b) At the initial visit, VA was 20/17, CCTwas 105| um, and RPE reflectivity was 1.47. (d)
The reflectivity on the SS-OCT image at the initial visit was adjusted as 0 for the vitreous body and | for RNFL. (f) One month after the initiation of steroid therapy, VA was
20/13. The choroidal thickening was still present; however, SRD had disappeared, and the RPE had straightened. (g) After 6 months of steroid therapy, VA was 20/13, and
SRD was not observed. However, choroidal thickening was present, and cross-sections of the choroid vessels were obscured, indicative of recurrence.

Clinical Ophthalmology 2023:17 heeps: 2075

Dove:


https://www.dovepress.com
https://www.dovepress.com

Hirota et al Dove

a b
1.00
24 . 0.90
.
.
22 0.80
0.70
2
0.60
. z
1.8 . . % 0.50
: 5
1.6 N 0.40
14700 =ssssssssssgesssssssssssassannanoesnanannnnn 0.30
1.4 . .
. 0.20
.
(2 3 g 0.10
0 AUC 0.7980
0
1
Non-Recurrence Recurrence 0 0.20 0.40 0.60 0.80 1.00

1 - Specificity

Figure 3 Scatter plot of the RPE reflectivity on OCT, receiver operating characteristic (ROC) curve, and cut-off values. (a) Scatter plot of the RPE reflectivity on OCT at the
initial visit. In eyes with future recurrence of inflammation, higher RPE reflectivity was observed than in eyes without the recurrence (P=0.018). In the majority of eyes with
high RPE reflectivity, the recurrence of inflammation was observed. (b) The ROC curve is shown for the RPE reflectivity on OCT at the initial visit as the independent
variable, and whether the recurrence of inflammation was observed or not within 6 months from the initial visit as the dependent variable. The area under the curve was
0.7980. The point of the Youden index was at a difference in VDI of 1.4700, at which point, the sensitivity was 72.73% and the specificity was 88.89%.

Discussion

This study examined the reflectivity of the RPE on SS-OCT in eyes with first-episode acute VKH disease, and its
association with the recurrence of inflammation during the observation period. At the initial visit, there were no
significant differences in CRT or CCT; however, RPE reflectivity was significantly greater in patients who eventually
developed VKH recurrence than in those who did not (P=0.018).

VKH disease is a T-cell-associated autoimmune disease that targets melanocytes,” leading to inflammation of the
meninges, inner ear, hair follicles, skin, and uvea. The disease is a relatively common cause of bilateral and granulo-
matous uveitis, especially in Asian populations.”” Although VKH disease responds well to steroid therapy, the associated
inflammation often recurs when treatment is discontinued or when the dose is tapered.'>'® It is also difficult to predict the
likelihood of recurrence based on general clinical findings at the initial visit.

Within the fundus, melanocytes are present in the RPE and choroid, although the majority are contained in the choroid
given that its volume is greater than that of the RPE.*® Therefore, we believe that the immune response to melanocytes in
patients with VKH disease, including the infiltration of inflammatory cells, is greater in the choroid than in the RPE. OCT is
quite useful for non-invasive assessment of the degree of inflammation. Previously, OCT findings, such as choroidal

17:.1922.28 a1 d undulations of the inner choroid and RPE,'"'? have been identified as indicators of disease activity.

thickening
However, the use of OCT markers to accurately predict recurrence in patients with VKH disease remains unelucidated.
Reduced blood flow at the choroidal level in LSFG may be suggestive of VKH disease recurrence.”” However, LSFG
parameters can be affected by the opacity of the medium in individual patients,*® indicating that comparisons of choroidal
pathology based on LSFG may not always lead to accurate results. In contrast, OCT is considered a more reliable modality
for comparisons among patients.?’ Previous studies using OCT for the assessment of VKH disease have demonstrated that
choroidal thickening and undulation in the inner choroid are useful for examining disease activity.” '"*'">"'” Ganesh et al
proposed the potential utility of a large initial SFCT prior to treatment as a predictor of recurrent inflammation.® However, it
is important to note that SFCT exhibits high variability, contingent upon the inflammatory state. In clinical practice, even
patients with thick SFCT often do not exhibit recurrence. In this study, the initial SFCT at the initial visit was not associated
with recurrence (Table 2). Although the reasons for this discrepancy remain unclear, there are several possible explanations.
Among them, choroidal thickening was significant even in patients without recurrence, and measurements of significant
choroidal thickening may be technically difficult even using SS-OCT. Furthermore, choroidal thickening alone may not be

sufficient for detecting more severe inflammation that extends beyond the choroid.”'
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Furthermore, pathological examination for VKH disease revealed that infiltration of inflammatory cells extended
beyond the choroid and occasionally into the RPE; other changes observed in the RPE included the proliferation of the
RPE itself and hyperaccumulation of melanin pigment.*' In our study, patients with recurrence of VKH disease during
the observation period had significantly higher reflectivity in the RPE and poorer visual acuity at the initial examination
than those without recurrence (Tables 2; Figure 2). This association may indicate that severe inflammation cannot be
adequately detected based on choroidal thickness alone.

Jacob et al previously tried to evaluate the RPE reflectivity in eyes with VKH disease and reported an increase in RPE
reflectivity during the resolution of VKH,** which differed from the results presented in our manuscript. The differences in
our findings can be attributed to several factors. First, previous reports assessing RPE reflectivity did not adequately account
for influences, such as the choroidal shadow or signal strength, nor did they employ any method to control these effects. In
contrast, our study utilized EDI to minimize the impact of SRF and employed correction methods for the reflectivity of
RNFL and vitreous to mitigate the effects of the choroidal shadow and signal strength. Furthermore, our method of
evaluating RPE reflectivity involved considering the highest reflectivity point in the RPE layer, providing an objective and
consistent approach before and after treatment. Second, the timing of the post-treatment evaluation differs between our
study and that of Jacob et al. In their study, they assessed RPE reflectivity during the inactive stage of VKH disease, while
our study focused on long-term assessment, with the recurrence group evaluated at 46.4 months and the non-recurrence
group at 26.0 months from the beginning of treatment. This extended evaluation period allowed us to better capture the
changes in RPE reflectivity as inflammation subsided and the ocular tissues approached a state closer to normal.

This study had limitations. First, this study was retrospective in nature. Thus, the actual dosage of steroids and
duration of follow-up varied slightly among patients, and it is not possible to eliminate completely the effects of these
factors on the results. However, there were no statistically significant differences in these factors between patients with
and without recurrence of VKH disease (Table 2). Therefore, we believed that the degree of bias was not large enough to
distort our study conclusions. Second, we only included patients with acute VKH disease exhibiting SRD at the posterior
pole, which is the most common phenotype of the disease; however, our findings cannot be applied to patients with the
anterior segment type or disc type of VKH. Third, RPE reflectivity could not be measured using the existing OCT
software and was instead determined using ImagelJ software. The widespread adoption of the markers identified in the
current study will require an upgrade to the OCT software. Finally, we did not eliminate the effect of individual variations
in RPE reflectivity.

Nevertheless, the current findings indicate that RPE changes on OCT may be useful for predicting the recurrence of
VKH disease. Given the preliminary nature of our investigation, future prospective studies with a larger number of

patients are necessary to confirm the reproducibility of the current findings.

Conclusion

Using SS-OCT, we studied the correlation between chorioretinal factors and the recurrence of VKH disease. Our
findings revealed a significant association between high RPE reflectivity prior to steroid treatment and the recurrence.
RPE reflectivity on OCT images may be useful for predicting the recurrence of inflammation in patients with VKH
disease.
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