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Background: This study analyzed the macular 3D-OCT images of Vogt-Koyanagi-Harada disease (VKH) in uveitis, explored
the characteristics of 3D-OCT images of the macular region of VKH, and assessed which characteristics con-
tribute most to VKH diagnosis.

Material/Methods: The 3D-OCT examination of 25 cases of VKH was performed on the macular area, and the image characteris-
tics were analyzed.

Results: Our study included a total of 50 eyes from 25 cases of VKH patients, 10 males and 15 females, aged 17 to 64
years, mean (39.44+11.60) years old. According to OCT B-scan images, 49 (98%) eyes had ERD, 49 (98%) eyes
had nerve retinal edema, 36 (72%) eyes had endometrium-like structure (including cysts), 5 (10%) eyes had
RPE folds, 35 (70%) eyes had changes in the internal septum, 49 (98%) eyes had RPE monolayer structure out-
side the ERD region. In ILM-RPE thickness, 49 (98%) eyes had retinal irregular thickening and 31 (62%) eyes
had radial stripe changes. In ILM contour figure, 50 eyes (100%) showed exceptional uplift, 5 (10%) eyes had
small focal uplift for PED on the RPE surface, and 48 (96%) eyes had wavy ups and downs.

Conclusions: In OCT B-scan imaging, the ERT, retinal edema of the retina, and the RPE monolayer structure outside the range
are most likely to occur in VKH. The ILM-RPE thickness chart in 3D reconstruction showed irregular thickening
of the retina. The ILM contour graph showed abnormal uplift, and RPE surface wavy ups and downs in VKH
most likely to occur.
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Material and methods

Vogt-Koyanagi-Harada disease (VKH) is an uncommon multi-
system inflammatory disorder characterized by panuveitis with
serous retinal detachment [1]. VKH is often associated with
neurologic and cutaneous manifestations, including head-
ache, hearing loss, vitiligo, and poliosis. There are 4 clinical
stages of VKH: prodromal, acute uveitic, chronic, and recur-
rent [2]. Most patients seek medical care at the Department
of Ophthalmology at the acute uveitic stage when blurred vi-
sion becomes a problem. At this stage, the patients may suf-
fer from bilateral blurred vision, first occurring to one eye and
then the other several days later. Clinical examinations usual-
ly reveal choroidal thickening and protrusion around the optic
papilla, with multiple serous retinal detachment, and edema
and congestion of optic papilla [3]. There may be pathological
changes of retinal pigment epithelium (RPE) associated with
multifocal choroiditis. As inflammation affects the protomerite,
flare and anterior chamber cells appear. Inflammatory infiltra-
tion of the ciliary body and choroid membrane can cause for-
ward shifting of the lens-iris diaphragm, and hence the acute
elevation of intraocular pressure or choroidal detachment [4].

Fundus fluorescein angiography (FFA) is an important tool for
the diagnosis, follow-up, and prognostic prediction of VKH [5].
Inflammation can lead to delayed perfusion of posterior pole
choroid, which manifests as a spot-like filling defect or choroid
delay in its early stage [6]. Later, there will be dotted leakage,
diffusion, and merging of fluorescein in the RPE layer, indicat-
ing multiple detachment of neural epithelium. Late-stage VKH
manifests comma-shaped hyper-fluorescence upon FFA [7-9].

Optical coherence tomography (OCT) is a new imaging diag-
nostic method [10]. It has the advantages of non-invasiveness,
high safety, high resolution (5 pm axial resolution), fast scan-
ning speed, and large data acquisition capability (which allows
for 3D reconstruction and stratified analysis). Independent
from the influence of ocular aberration and pupil diameter,
this technique requires no reference plane and has a high re-
peatability. OCT is considered an ideal method for quantitative
analysis of internal retina structure. Researchers have previ-
ously described OCT manifestations of VKH at the acute uve-
itic stage [11,12]. However, those manifestations included a
number of limitations.

In the present study, we analyzed cross-sectional (B-scans)
and 3D images of macula using 3D-OCT, and present new find-
ings on OCT manifestations of VKH at the acute uveitic stage.

Subjects

We included VKH patients who were treated at the outpa-
tient clinic or hospitalized from January 2013 to December
2016. Specifically, according to the diagnostic criteria given by
Read et al. [13], the first onset cases of bilateral or unilateral
blurred vision, bilateral diffuse chorioiditis or chorioretinopa-
thy, shallow detachment of neural epithelium or exudative ret-
inal detachment, confirmed by FFA or B-scan ultrasonography,
were included. Those who did not cooperate with examination
or had corneal or lenticular opacity were excluded. The follow-
ing were also excluded: patients with high myopia or blurred
vision caused by other conditions, incomplete or less accu-
rate data, a history of trauma or eye surgeries, and patients
with atypical clinical manifestations or uncertain diagnosis.

General examinations

Routine eye examinations, slip lamp tests, fundus examina-
tions, and non-contact tonometry were performed. FFA, eye
B-ultrasonography, and other eye or systemic examinations
were performed if necessary.

Macular OCT

The Topcon 3D OCT-1000 Optical Coherence Tomographer was
used to detect ocular structures at a wavelength of 840 nm.
Axial and lateral resolutions were set to 5 ym and 20 pym, re-
spectively. Scans were made at a speed of 18 000 A/s, a depth
of 2.0 mm, and a range of 6x6 mm.

Pupils were diluted naturally or using drugs in sitting position.
Examinations were conducted in a dark room. With the man-
dible on the jaw bracket, the patients were told to stare at the
fixation lamp inside or outside the lens. Macular thickness was
analyzed in 3D macular mode. Acquisition time was approx-
imately 5 s. The parameter values were calculated automati-
cally using 3D OCT-1000 from the scanned data.

We analyzed 64 horizontal B-scan images and retinal thickness
maps (ILM-RPE). Different intensities of light signals and reti-
nal thicknesses were represented in OCT images on a rainbow
color scale. In the B-scan images, tissue color indicated reflec-
tion intensity. The following colors represented reflected light
intensity in decreasing order: white, red, orange, green, blue,
and black. Black indicted the tissue with the weakest light re-
flection (Figure 1).

Retinal thickness was determined from the distance from the
internal limiting membrane (ILM) to the RPE. The ILM-RPE maps
were generated within a range of 6x6 mm in the center of the
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Figure 1. B-scan image of VKH. (A) Exudative retinal detachment (ERD) (indicated by the white arrowheads), with the inclusion angle
between the left side of the detached region and pigment epithelium not sharp (white arrow); focal Pigment epithelium
detachment (PED) (yellow arrow) on the right side; significant fluctuation of pigment epithelium (red arrow). (B) ERD in
nasal retina (white arrowhead), with FI (fluctuation in the internal limiting membrane) (red arrows), replacement of double-
layer structure of pigment epithelium by monolayer and fluctuation (red arrowheads). (C) ERD (white arrowhead), with
stripes or MS in the detached region (white arrows), and fluctuation in pigment epithelium (red arrowheads). (D) ERD (white
arrowhead), with thickening photoreceptor cells; replacement of double-layer structure of pigment epithelium by monolayer,
fluctuation in pigment epithelium (red arrowheads), and Fl (red arrow).

retina. Thickness was represented by pseudocolors, with white
corresponding to the greatest thickness. Red, orange, yellow,
green, and blue indicated successively decreasing levels of
thickness. ILM contour maps and RPE surface maps were re-
constructed with using computer software (Figure 1).

Definition of symptoms

Exudative retinal detachment (ERD) was defined as the com-
plete or near-complete separation of the retinal neuro-epi-
thelium from the pigment epithelium. Membrane structure
(MS) was defined as the spot-like, linear, or membranous light

reflection of the detached region. Pigment epithelium detach-
ment (PED) was the separation of the RPE from Bruch’s mem-
brane or the choroid membrane. Upon OCT, PED manifested
as a dome-shaped protrusion of RPE towards the retina, usu-
ally with a uniform area of low reflection behind it. The RPE
fold (RF) was the loss of the smooth surface of the RPE layer,
resulting in various forms of protrusion. One peak or trough
in the RPE layer was defined as an RF. The loss of the smooth
surface of the ILM layer, resulting in fluctuating changes, was
considered a fluctuation in the internal limiting membrane (Fl).
As defined by Lin et al. [14], FI was fluctuation with at least
2 peaks or troughs in the ILM layer. Thinning of RPE was the
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Figure 2. Right eye of patient # 8 with vision acuity FC/30 cm. (A) This image is a color image displaying neuro-epithelium protrusions
in the macula and RF below the macula (red arrow). (B) This image is the ILM topography map demonstrating the major
peak in the center surrounded by irregular protrusions. (C) This image is the ILM-RPE map of the right eye. White indicates
irregular regions formed by several merging protrusions. (D) The upper image is an RPE topography map showing
fluctuations in the vertical direction, which indicate X. The lower images are B-scan images of the positions indicated by the
blue line in the right lower image. The upper image shows ERD with spot-like MS in the detached region, the disappearance
of the RPE double-layer structure, and weakening reflection, without the apparent folds. The lower image is a merged image
of the detached regions in the neuro-epithelium. FI (red arrow).

disappearance of the 3-layer structure of pigment epitheli-
um outside ERD, with weakening of light reflection (Figure 1).

The 3D views included the ILM-RPE map, ILM contour, and RPE
surface. White or red areas on the ILM-RPE map were considered
to be thickened (Figure 2). Observation of radial stripes indi-
cated pathological changes in a radial pattern (Figure 3). The 2
observations may occur alone or in combination. Abnormalities
on the ILM contour maps were defined as the disappearance
of normal macular structure, with local protrusions or recess-
es. Abnormality on the RPF surface map was defined as small
protrusions (PED) (Figure 4) or wavy fluctuations (Figures 2, 3).

Results

Baseline information

Twenty-five VKH patients with 50 eyes were included (10 males,
15 females, aged 17 to 64 years old, with an average age of
39.44+11.60 years). They sought medical care at our hospital

at 1 to 40 days (average 8.96+9.31 days) after onset. None
of them had received hormone therapy before. Twenty-three
cases were affected in bilateral eyes, and 1 case was affect-
ed in only one eye; another case was affected first in one eye
and then the other. The vision acuity ranged from hand move-
ment to 1.0, with intraocular pressure <21 mmHg. No abnor-
malities were found in the anterior segments in 48 eyes of 24
cases. Mixed congestion was found in 2 eyes for 1 case, with
dust-like deposit KP (+) and aqueous flare (+).

Fundus examination

Fundus examination revealed optic disc congestion in 32 eyes
(64%), 1 or more dome-shaped protrusions were found in the
posterior poles of 49 eyes (98%), and radial stripes were ob-
served in 40 eyes (80%).

B-scan images of macula

ERD was observed in 49 eyes (98%) using B-scan images. MS
(including septa) was found in 36 eyes (72%), PED was found
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Figure 3. Right eye of patient #2 with a visual acuity of 0.25. (A) This image displays a color image of the RF (red arrow). (B) This
ILM contour map and middle upper RPE surface maps reveal the uneven surface of the retina. The right upper ILM-RPE
thickness map (C) indicates stripes in the nasal part of the optic disc and around the macula. (D) The B-scan images of the
positions indicated by the green lines in the right lower image. The upper one shows the central fovea of macula, with the
disappearance of the 3-layer RPE structure and the appearance of mild folds (red arrowhead). The lower half of the panel
shows FI (red arrow), with the disappearance of the 3-layer RPE structure and the appearance of mild folds (red arrowheads)

in 5 eyes (10%), RF was identified in 30 eyes (60%), FI was
found in 35 eyes (70%), and RPE thinning was discovered in
49 eyes (98%).

3D images of macula

On ILM-RPE thickness maps, irregular thickening indicated
by white or red colors was found in 48 eyes (98%), and radi-
al stripes were found in 31 eyes (62%). All cases had abnor-
mal protrusion on ILM contour maps. On RPE surface maps, 5
eyes (10%) exhibited small protrusions diagnosed as PED; 48
eyes (96%) displayed wavy fluctuations (Table 1).

Discussion

Extensive choroidal inflammation and exudative retinal de-
tachment (ERD) are the major fundus manifestations of VKH
at the acute uveitic stage [15,16]. Starting from the choroid,
the lesion soon affects the retina, leading to ERD in some po-
sitions; even the non-detached regions may show inflamma-
tory response.

ERD is the most common clinical manifestation of VKH.
Zhao et al. [16] reported ERD in all 18 cases. Attia et al. [17]
presented a report of 18 cases with VKH, half of which had
ERD. By analyzing B-scan images of the VKH cases, we found
ERD in 98% of affected eyes. Upon OCT, ERD associated with
VKH usually manifests as detachment of neuro-epithelium
with varying degrees of MS in the detached regions [18,19].
Yamaguchi et al. [19] analyzed OCT manifestations of ERD and
proposed the division of ERD into true serous RD and retinal
effusion. The former is associated with distinct layers of the
detached retina. The inclusion angle between the detached
retina and pigment epithelium is sharp. The space below the
retina is optically clear without spot-like, linear, or membra-
nous hyper-reflection. Retinal effusion is similar to serous RD
except for a thin layer of residual retina on the surface of RPE.
There are spot-like, linear, or membranous hyper-reflections
in the detached regions, and the cysts are separated by septa.
Compared to true serous RD, retinal effusion usually predicts
more severe and extensive leakage of pigment epithelium,
as well as more severe choroidal inflammation. This division
was supported by Tsujikawa et al. [20] and Lee et al. [21]. It
was pointed out by Lee et al. [21] that retinal effusion might
be related to inflammation and swelling of photoreceptor
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Figure 4. Left eye of patient # 8 with vision acuity of 0.6. (A) This is a color image of the eye. An obscure boundary and congestion of
the optic disc, but no ERD nor radial stripes, were observed. (B) This image is an ILM contour map showing the protrusion
(red) into the nasal side, a small subtemporal protrusion into the macula (yellow arrow), and 2 vertical stripes directly below
the macula on the nasal side (red arrow). (C) This image is an RPE surface map, which shows considerable fluctuation in
RPE on the nasal side, as well as a small focal protrusion corresponding to the subtemporal protrusion on the ILM contour
map (yellow arrow). Corresponding to the ILM protrusion and small focal protrusion in RPE, the top right panel shows
thinned regions indicated by 2 small patches of green in the subtemporal region (black arrow). There are radial stripes in
the macula, and 2 vertical stripes directly below the macula on the nasal side (red arrow); they correspond to the stripes
in the ILM contour map. (D) These are the B-scan images of the positions indicated by green lines in the right lower image.
The upper image shows the central fovea of macula, with an Fl on the nasal side (red arrow). ERD is observed, with uneven
light reflection from the 3-layer structure of the non-detached region in RPE, indicating an obscure structure (red arrow). The
lower one shows ERD in the nasal side, with focal PED on the right side (yellow arrow) and Fl in the center (red arrow).

cells. According to Yamaguchi et al. [19], MS was the exuda-
tive membrane caused by inflammatory response at the acute
stage of VKH. The membrane accumulating below the retinal
neuro-epithelium is rich in proteins and cellulose. After the fi-
brin is dissolved by glucocorticoids, the membrane is degrad-
ed into particle-like structure. It is also believed that MS will
disappear rapidly after hormone therapy. Zhao et al. [16] also
considered MS to be the leakage below the retina due to ret-
inal inflammation. Lin et al. [14] suggested the use of patho-
logical examination to determine whether MS is part of the
retinal neuro-epithelium or other inflammatory substances.

Lin et al. [14] proposed Fl and defined it as the observation of
at least 2 peaks or troughs in the ILM layer. FI was very com-
mon in our study. It occurred in 70% of cases. Lin et al. [14] in-
ferred that at the acute stage of VKH, cytokines mediated by

inflammatory cells in RPE or ciliary body might lead to patho-
logical changes in retinal morphology. Fluctuation of ILM, the
innermost layer of the retina, may be among the major path-
ological retinal changes caused by acute-stage inflammatory
response. Sensitivity and specificity of this feature in diagno-
sis of VKH was 55.0% and 100.0%, respectively. Therefore, we
speculated that this feature was capable of differentiating be-
tween central serous retinopathy and VKH, which would also
be verified in future study.

Normal RPE is shown as a 3-layer structure on OCT. The IS/0S
layer or the innermost layer, is separated from the other 2
layers at the central fovea of macula. In other regions, the 3
layers cling closely together [22]. However, RPE is separated
from the inflamed photoreceptor outer segments in ERD, and
light reflection only occurs in the remaining monolayer of RPE.
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Table 1. Demographic data and clinical features of patients with acute Vogt-Koyanagi-Harada disease.

Fundus manifestations

Duration
(C)] Radial folds

(R/L) (R/L)
,,,,,,,,,,,,,, LSS« SO ..o 10O N S5 A <o s o
T S Mo 0 T N, A .
,,,,,,,,,,,,,, . N SN Lo T S-S o .o o
T S - . A o015 R e e
,,,,,,,,,,,,,, o ke 6 e e T
B a R A S s s
B A R A T S, AL S, na
R S B Mmoo R . LA Rt
R o F I o0 A

10 39 F 0.3/0.2 1 +/+ -/~ —/-

24 31 M FC/FC 10 +/+ +/+ +/+
25 32 M 0.25/1.0 5 +/+ +/+ +/+
Total (%) 49 (98%) 40 (80%) 32 (64%)
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Table 1 continued. Demographic data and clinical features of patients with acute Vogt-Koyanagi-Harada disease.

Subretinal septa thinning of RPE PED Folds of RPE Fluctuation of ILM
(R/L) (R/L) (R/L) (R/L) (R/L)

Total (%) 49 (98%) 36 (72%) 49 (98%) 5 (10%) 30 (60%) 35 (70%)
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Table 1 continued. Demographic data and clinical features of patients with acute Vogt-Koyanagi-Harada disease.

ILM-RPE thick
Ickness map Abnormal protrusion of Wavy fluctuation of

ILM cont RPE surfa
Irregular protrusion (R/L) Radial stripes (R/L) CLLECy surface

Total (%) 48 (96%) 31 (62%) 50 (100%) 48 (96%)
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We observed RPE beyond the detached region of neuro-epi-
thelium in VKH and often observed an absence of the 3-layer
structure, with weakening light reflection. Among our cases,
VKH originated from choroidal inflammation, which later af-
fected RPE and retinal neuro-epithelium. If inflammation af-
fected RPE, the 3-layer structure of RPE would disappear upon
OCT. This feature can be used to differentiate between VKH
and RD due to non-inflammatory causes.

Pigment epithelium detachment (PED) is the separation of
the RPE from Bruch’s membrane or choroid membrane. Upon
OCT, PED usually manifests as dome-shaped RPE protrusions
stretching towards the retina, usually with a uniform low re-
flection area behind it [23]. Some reports have mentioned this
feature in VKH [14,19]. We identified typical PED in 5 eyes.
Although PED is not an uncommon condition, a few cases with
PED might not have been discovered due to limited scan range.

RPE fold is the loss of smooth surface of RPE and manifests
as protrusion of RPE. Kato et al. [24] defined RPE fold as the
observation of at least 2 peaks or troughs. Considerable fluc-
tuations were observed in many RPE folds in this study; thus,
we defined RPE fold as the observation of at least 1 peak or
trough. According to this criterion, 30 eyes had RPE folds, ac-
counting for 60% of cases. This is in line with findings from
similar studies, including 71.4% in Kato et al.’s study [24] and
52% in Wu et al.’s study [25].

The incidence of RPE folds was reported to be 63.6% by
Attia et al. [17]. To analyze RPE folds, Gupta et al.[26] used 3D
mode, which allowed for a full observation of RPE. We also used
the 3D mode, which revealed RPF folds in 96% of the cases. This
proportion was much higher than those found using B-scan,
which suggests that the 3D mode is more accurate in detect-
ing lesions. As to the causes of RPE folds, Hosoda et al. [27]
performed EDI-OCT and put forward the concept of RPE undu-
lation index, which correlated to choroidal thickness. Moreover,
they suggested the inflammation and edema of choroid were
the causes of RPE folds in VKH and that uneven thickening
of choroid led to uneven RPE protrusions. Kato et al. [24] did
not observe RPE folds in individuals with or without uveitis
in non-VKH cases. Thus, RPE folds can be used as a diagnos-
tic criterion for VKH.

ILM-RPE elevation map is a representation of the results of 3D
OCT, which are obtained by the computer automatically calcu-
lating the distance from ILM to RPE and generating the topog-
raphy. Thickness is represented by pseudocolors on a rainbow
color scale. For normal retina, the diameter of central fovea
of macular is about 1 mm and is represented by green col-
or. The macula is the thickest at 1 to 3 mm. There is a tran-
sition from green to yellow color, which represents the circu-
lar protrusion, with thinning towards the periphery, which is

Zhao G. et al.:
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represented as the transition from yellow to green with scat-
tered bluish-green [28]. We found abnormal thickening on the
ILM-RPE elevation map in 96% of the eyes with VKH, which
manifested as the connection between white and red. These
changes were in accordance with the dome-shaped protrusion
caused by ERD and were also related to edema and thicken-
ing of the non-detached retina. The ILM-RPE map shows the
thickness distribution of the entire retina represented by sa-
lient pseudocolors, so the lesions can be easily discovered
from the ILM-RPE map.

Radial stripes were detected in 31 eyes (62%) from the ILM-
RPE elevation maps. These stripes have not been explicitly re-
ported before. The 3D images provided by Wu et al. [25] con-
tained these stripes, but no more details were given about the
stripes other than the thickening. We further analyzed the fun-
dus images of VKH cases and found as many as 80% of the
cases had radial stripes. Although the significance of the ra-
dial stripes was not mentioned, they can be clearly visualized
from the images [1,29]. We found correlations between radial
stripes on the elevation map and those on the color images
of the fundus. The changes were consistent with FI (Figure 4).
We considered this to be different manifestations of the same
symptom upon different examinations.

Actually, previous studies [30-33] have also reported the same
topic of diagnostic role of optical coherence tomography in
acute Vogt-Koyanagi-Harada. However, the present study is
different from the previously published articles. Our study
proved the diagnostic values of optical coherence tomogra-
phy in different respects. We found that according to the OCT
B-scan images, the ERT, retinal edema of the retina, and the
PRE monolayer structure outside the range are most likely to
occur in VKH, and the ILM contour graph showed that abnor-
mal uplift and RPE surface wavy ups and downs in VKH were
most likely to occur, which disagrees with previously pub-
lished articles. Some of the indexes and the experiments used
in these studies were valuable and significant; therefore, we
plan to use some of these valuable methods from those arti-
cles to improve our subsequent research.

Although our study found some interesting results, it has cer-
tain limitations. We did not investigate the role of OCT in dif-
ferentiating VKH from the other causes of inflammatory pan-
uveitis, such as sarcoidosis, Behcet’s disease, and sympathetic
ophthalmia. Other factors, such as history and extraocular man-
ifestations, are very helpful in differentiating these from each
other. Therefore, we plan to investigate the role of OCT in dif-
ferentiating VKH from other causes of inflammatory panuveitis.
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Conclusions

In OCT B-scan images, the ERT, retinal edema of the retina, and
the RPE monolayer structure outside the range are most like-
ly to occur in VKH. The ILM-RPE thickness chart in 3D recon-
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contour graph showed abnormal uplift, and RPE surface wavy
ups and downs in VKH were most likely to occur.
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