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Enhanced depth imaging optical
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Vogt–Koyanagi–Harada disease:
fuzzy or lost pattern of the
choroidal vasculature is of
diagnostic value

Xinshu Liu1, Shuling Wang2, Yan An1 and Hao Zhang1*

1Department of Ophthalmology, The Fourth People’s Hospital of Shenyang, China Medical University,

Shenyang, Liaoning, China, 2School of Business Administration, Shenyang Pharmaceutical University,

Shenyang, Liaoning, China

Objective: This study aimed to compare enhanced depth imaging optical

coherence tomography (EDI-OCT) features of exudative retinal detachment

(ERD) type and optic disc (OD) swelling type Vogt–Koyanagi–Harada

(VKH) disease.

Methods: Hospitalized VKH patients were retrospectively reviewed and classified

into the ERD type and the OD swelling type. The EDI-OCT features were

then analyzed.

Results: The study included 32 ERD type and 15OD swelling type VKH patients at

the acute uveitis stage. The interval between the onset of ocular symptoms and

the start of treatment in OD swelling type VKH disease was significantly longer

compared to the ERD type (p < 0.001). A fuzzy or lost pattern of the choroidal

vasculature was observed in 100% of VKH patients of both types. Moreover, high

frequencies (greater than or equal to 50%) of fluctuations in the internal limiting

membrane, interdigitation zone disruption, ERD, retinal pigment epithelium (RPE)

folds, and ellipsoid zone disruption were observed in both types. Patients with

OD swelling type VKH disease exhibited higher frequencies of OD swelling and

hyperreflective substances above the RPE (p< 0.001 and p= 0.003, respectively),

with lower frequencies of ERD and bacillary layer detachment (p = 0.012 and

p < 0.001, respectively). At the convalescence stage, changes in the EDI-OCT

images of 10 ERD type and 5 OD swelling type VKH patients were analyzed. The

frequencies of the OCT features decreased with similar trends in both types of

VKH disease.

Conclusion: Although ERD type and OD swelling type VKH disease have their

own unique characteristics, they share common EDI-OCT features. The Fuzzy

or lost pattern of the choroidal vasculature that indicates choroidal inflammation

may serve as a diagnostic aid for VKH disease, especially for the OD swelling type

and the early-stage ERD type.
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1 Introduction

Vogt–Koyanagi–Harada (VKH) disease is a multisystemic

autoimmune disorder that mediated by T cells acting against

antigens found on melanocytes. It is characterized by bilateral

granulomatous panuveitis and associated with central nervous

system, auditory, and integumentary involvement (1). The most

characteristic manifestation of panuveitis is exudative retinal

detachment (ERD) (2). However, in some patients, ERD is

not remarkable, and optic disc (OD) swelling is the more

prominent fundus finding (3). Okunuki et al. (3) reported

the clinical features of two types of VKH disease, ERD and

OD swelling, and highlighted the differences in disease course

and treatment response. Nevertheless, OD swelling type VKH

disease, which needs to be differentiated from other conditions,

such as optic neuritis, elevated intracranial pressure, and other

autoimmune inflammatory conditions and infections, still tends to

be misdiagnosed (4–6).

Optical coherence tomography (OCT) provides in vivo images

of the retina and the choroid and is widely used in evaluating

and diagnosing fundus diseases. OCT studies primarily focused

on the topographic features of the retina and the choroid in

VKH disease. Gupta et al. (7) reported the presence of retinal

pigment epithelium (RPE) striations in OCT images of acute

VKH patients. Furthermore, Agarwal et al. (8) found that bacillary

layer detachment (BLD) is a common finding in OCT images

of patients with acute VKH disease. Enhanced depth imaging

OCT (EDI-OCT) provides more information about the choroid.

In Agarwal et al.’s (9) study, the EDI-OCT-derived choroidal

vascularity index had a statistically significant reduction over time

in VKH patients. Using the newly invented optical coherence

tomography angiography (OCTA), Liang et al. (10) found that

the choriocapillary vascular density decreased in VKH patients

compared with normal controls. Despite prior researches, no

research comparing the OCT features of ERD type and OD swelling

type VKH disease has been reported. In the current study, EDI-

OCT images of two types of VKH disease at acute uveitis and

convalescence stages were analyzed to offer additional clues to

the diagnosis and evaluation of these two types of VKH disease,

especially the OD swelling type.

2 Subjects and methods

2.1 Subjects

We retrospectively reviewed the medical records of

consecutively hospitalized VKH patients in the Fourth People’s

Hospital of Shenyang between June 2017 and August 2020. This

study was approved by the Institutional Review Board of the

Fourth People’s Hospital of Shenyang and adhered to the tenets

of the Declaration of Helsinki. Patients with acute VKH disease,

who had not received prior treatment, were included. VKH disease

was diagnosed in accordance with the revised criteria of the

International Committee on Nomenclature (11). The follow-up

information was collected from patients who received regular

follow-ups for at least 2 months. Patients with a history of other

retinal and/or choroidal diseases, myopia >6 diopters, and opaque

optical media were excluded. All patients received oral prednisone

at an initial dose of 0.8–1.0 mg/kg of body weight daily, followed by

a gradual tampering of the dose thereafter (1, 12). Additional oral

immunomodulatory agents, topical steroids, and mydriatics were

administered when necessary. VKH patients were divided into two

groups based on whether they had clinically prominent ERD at

presentation by Dr. Zhang. Patients with clinically evident ERD

with or without OD swelling detected by indirect ophthalmoscopy

were defined as having ERD type VKH disease, and patients

with clinically evident OD hyperemia and swelling with no ERD

detected by indirect ophthalmoscopy were defined as having OD

swelling type VKH disease (3).

2.2 OCT examination

OCT was performed using the Spectralis HRA+OCT system

(Heidelberg Engineering, Heidelberg, Germany) fellow function at

each visit. Raster scans with EDI were acquired at the macular

region, with a minimum of 25 B-scans per volume scan of 30◦∗20◦.

Each B-scan was averaged over 9 frames, with a distance of 240mm

between consecutive scans. The OCT images at presentation and

then at 1 week, 4 weeks, and 8 weeks after treatment initiation

were independently reviewed by Dr. Liu and Dr. An. In cases

of disagreement, Dr. Zhang made the final decision after a panel

discussion. The following 10 OCT features of VKH patients were

recorded in the current study: ERD, OD swelling, fluctuations in

the internal limiting membrane (ILM), BLD, RPE folds, fuzzy or

lost pattern of the choroidal vasculature, hyperreflective substances

above RPE, ellipsoid zone (EZ) disruption, interdigitation zone (IZ)

disruption, and RPE detachment (PED) (Figure 1). In cases of OD

swelling type VKH disease, very mild ERD that was not observable

during fundus examination was detectable by OCT. Fluctuations

in the ILM refer to the loss of its smooth surface, resulting in

fluctuating changes with at least 2 peaks or troughs (13). BLD was

the break within myoids that isolates ellipsoids and outer segments

from the remaining photoreceptor cell bodies (8, 14). RPE folds

were 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 RPE fold (13).

2.3 Main outcome measures

The primary outcome of this study was EDI-OCT features of

ERD type and OD swelling type VKH disease at the acute uveitis

stage. We further observed the changes in these features at the

convalescence stage.

2.4 Statistical analysis

Comparisons between the two types of VKH disease were

conducted using SPSS 23.0 software for Windows (SPSS Inc.,

Chicago, IL, USA). Regarding demographic characteristics, the

independent samples t-test was used for normal distribution

continuous variables, the Mann–Whitney test was used for non-

normal distribution continuous variables, and the chi-squared test
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FIGURE 1

Enhanced depth imaging optical coherence tomography images of two types of Vogt–Koyanagi–Harada (VKH) disease at the acute uveitis stage. (A)

The left eye of a patient with exudative retinal detachment (ERD) type VKH disease without optic disc (OD) swelling. ERD, bacillary layer detachment

(BLD) and retinal pigment epithelium detachment (PED) were obvious. The pattern of the choroidal vasculature was fuzzy. (B) The left eye of a patient

with ERD type VKH disease with OD swelling. The pattern of the choroidal vasculature was fuzzier than that in (A). (C) The right eye of a patient with

OD swelling type VKH disease with no ERD. OD swelling was obvious. Fluctuations in the internal limiting membrane (FILM), retinal pigment

epithelium folds (RPEF), ellipsoid zone disruption (EZD) and interdigitation zone disruption (IZD) were displayed. The pattern of the choroidal

vasculature was completely lost. (D) The left eye of a patient with OD swelling type VKH disease with shallow ERD. Hyperreflective substances above

the RPE (HSRPE) was observed. The pattern of the choroidal vasculature was completely lost. (E) The left eye of a patient with OD swelling type VKH

disease. Fuzzy of the choroidal vasculature was the only feature observed in addition to OD swelling.

was used for categorical variables. Generalized estimating equation

was applied to accommodate the correlation between two eyes of

the same person when comparing OCT features at the acute uveitis

stage. P < 0.05 was considered statistically significant.

3 Results

This study included 47 VKH patients (94 eyes) presented at

the acute uveitis stage, with 15 (30 eyes) of them receiving regular

follow-ups for 2 months. Of the patients included, 32 patients

(64 eyes) were classified as having ERD type VKH disease, while

15 patients (30 eyes) were classified as having OD swelling type

VKH disease. The male percentages of the ERD type and the OD

swelling type were 50.0% and 53.3%, respectively (P = 0.831). The

average age at the onset of ocular symptoms in patients with the OD

swelling type (49.2 ± 12.6 years) was higher than that in patients

with the ERD type (42.5 ± 13.5 years); however, the difference was

not statistically significant (P = 0.112). The interval between the

onset of ocular symptoms and the start of treatment in the OD

swelling type [12(9, 20) days] was significantly longer than that

in the ERD type [7(4, 13) days] (P < 0.001). The demographic

characteristics are presented in Table 1.

Detailed information of EDI-OCT features of the two types of

VKH disease at the acute uveitis stage is presented and compared in

Table 2. OCT features with a frequency of 50% or higher were first

evaluated. For ERD type VKH patients, the following frequencies

of OCT features were observed: ERD (100%), fluctuations in the

ILM (100%), fuzzy or lost pattern of the choroidal vasculature

TABLE 1 Demographic characteristics of two types of

Vogt-Koyanagi-Harada disease.

ERD type OD
swelling
type

P

Number of patients 32 15 NA

Number of eyes 64 30 NA

Male percentage 50.0% 53.3% 0.831a

Average age (years) 42.5± 13.5 49.2± 12.6 0.112b

Interval between

the onset of ocular

symptoms and the

start of treatment

(days)

7(4, 13) 12(9, 20) <0.001
c

ERD, exudative retinal detachment; OD, optic disc; achi square test, bindependent-samples

t-test, cMann–Whitney test. Bold value was statistically significant.

(100%), IZ disruption (100%), RPE folds (87.5%), EZ disruption

(70.3%), and BLD (65.6%). For OD swelling type VKH patients, the

following frequencies of OCT features were observed: OD swelling

(100%), fuzzy or lost pattern of the choroidal vasculature (100%),

fluctuations in the ILM (93.3%), IZ disruption (93.3%), RPE folds

(86.7%), ERD (76.7%), EZ disruption (53.3%), and hyperreflective

substances above RPE (50%). Moreover, we observed a low

frequency of PED (10.9% in the ERD type and 10% in the OD

swelling type) in both types. Notably, up to 60% of the OCT features

showed a high level of consistency between the two types of VKH

disease, except for the following statistically significant differences:
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TABLE 2 Enhanced depth imaging optical coherence tomography

features of two types of Vogt-Koyanagi-Harada disease at the acute

uveitis stage.

Features ERD type
(n = 64)

OD
swelling
type (n =

30)

P

ERD 64 (100.0%) 23 (76.7%) 0.012

OD swelling 15 (23.4%) 30 (100.0%) <0.001

Fluctuations in the

ILM

64 (100.0%) 28 (93.3%) 0.301

Bacillary layer

detachment

42 (65.6%) 0 (0) <0.001

RPE folds 56 (87.5%) 26 (86.7%) 0.937

Fuzzy or lost

pattern of the

choroidal

vasculature

64 (100.0%) 30 (100.0%) NA

Hyperreflective

substances above

RPE

7 (10.9%) 15 (50.0%) 0.003

EZ disruption 45 (70.3%) 16 (53.3%) 0.251

IZ disruption 64 (100.0%) 28 (93.3%) 0.301

PED 7 (10.9%) 3 (10.0%) 0.894

ERD, exudative retinal detachment; OD, optic disc; ILM, internal limiting membrane;

RPE, retinal pigment epithelium; EZ, ellipsoid zone; IZ, interdigitation zone; PED,

RPE detachment. Bold values were statistically significant.

In cases of the OD swelling type, the frequencies of OD swelling and

hyperreflective substances above the RPE were higher than that in

the ERD type (100% vs. 23.4% and 50% vs. 10.9%; p < 0.001 and p

= 0.003); while the frequencies of ERD and BLD were lower than

that in the ERD type (76.7% vs. 100% and 0 vs. 65.6%; p = 0.012

and p < 0.001).

The frequencies of all EDI-OCT features presented downward

trends on different levels after treatment initiation in both types.

More specifically, ERD and RPE folds resolved within 8 weeks and

4 weeks, respectively, in both types. In the ERD type, OD swelling

subsided within 8 weeks, and fluctuations in the ILM and BLD

subsided within 4 weeks; In the OD swelling type, fuzzy or lost

pattern of the choroidal vasculature and EZ disruption regressed

within 8 weeks. The frequencies of the fuzzy or lost pattern of

the choroidal vasculature, hyperreflective substances above RPE,

and EZ disruption in the ERD type and the OD swelling type,

fluctuations in the ILM and hyperreflective substances above RPE

in the OD swelling type were all below 40% within 8 weeks. IZ

disruption and PED only improved within 8 weeks in a few cases

of both types.

4 Discussion

In the present study, the OD swelling type VKH patients got

longer interval between the onset of ocular symptoms and the start

of treatment. OD swelling type VKH disease shares some common

EDI-OCT features with ERD type VKH disease at the acute uveitis

stage. The fuzzy or lost pattern of the choroidal vasculature was

observed in 100% of the patients of both types of VKH, and

fluctuations in the ILM, IZ disruption, ERD, RPE folds and EZ

disruption were observed in at least 50% of the patients.Meanwhile,

patients with OD swelling type VKH disease had higher frequencies

of OD swelling and hyperreflective substances above the RPE, with

lower frequencies of ERD and BLD. A good response to systematic

anti-inflammatory treatment was observed in all OCT features of

both types.

In our study and Okunuki et al.’s (3) study, the interval between

the onset of ocular symptoms and the start of treatment in OD

swelling type VKHdisease was significantly longer than that in ERD

type VKH disease. Two possible reasons may explain the treatment

delay. On the one hand, compared to the dramatic decreased visual

acuity due to abrupt progression of ERD in the ERD type, visual

impairment in OD swelling type VKH disease was less severe due to

no or subclinical ERD (detectable byOCT) at disease onset. Patients

sought health care after a delay. On the other hand, the diagnosis

of OD swelling type VKH may delay. In Le et al.’s (5) report,

an OD swelling type VKH patient received her diagnosis after

excluding other autoimmune, malignant, or infective etiologies

following extensive investigations and a nearly 1 year period of

observation. The treatment delay may be associated with chronic

recurrent disease course and poor visual prognosis.

The fuzzy or lost pattern of the choroidal vasculature, the only

choroidal OCT feature recorded and analyzed in the present study,

was originally described as an indocyanine green angiography

(ICGA) sign of VKH disease (15). Miyanaga et al. (15) observed

a fuzzy or lost pattern of the choroidal vasculature in the

intermediate-to-late phase of ICGA in all the initial acute VKH

patients studied and presumed it to be an indication of diffuse

inflammatory vasculopathy of choroidal vessels. We also observed

this phenomenon in EDI-OCT images, and it was the only OCT

feature observed in 100% of VKH patients of both types at the

acute uveitis stage. During severe inflammation, the pattern of

the choroidal vasculature was completely lost. With the remission

of inflammation, the outline of the individual choroidal vessels

gradually became clear. Lee et al. (16) observed a darkened

type choroid morphology in EDI-OCT images of acute VKH

patients. The darkened morphology was characterized as diffuse,

homogenous, and hypo-reflective pattern with markedly decreased

visibility of the large choroidal vessel layer (16), which is similar

to our study’s fuzzy or lost pattern of the choroidal vasculature.

Although the fuzzy or lost pattern of the choroidal vasculature

was observed in both ICGA and EDI-OCT images of acute VKH

patients, we presumed different imaging principles. We suppose

that, at the acute uveitis stage, edematous choroidal stroma and

RPE cells caused by choroidal inflammation may block and scatter

the near-infrared light reflected from the choroidal vasculature

during OCT imaging, leading to a fuzzy or lost pattern of the

choroidal vasculature. The fuzzy or lost pattern of the choroidal

vasculature in EDI-OCT images, an indication of choroidal

inflammation, is useful for the diagnosis of OD swelling type

VKH disease, which tends to be misdiagnosed as optic neuritis or

elevated intracranial pressure because of prominent OD swelling.

It is also valuable for diagnosing very early-stage ERD type VKH

disease, when the choroidal inflammation has not yet involved

adjacent structures.

Fluctuations in the ILM, ERD, RPE folds, and OD swelling

occur when choroidal inflammation progresses. Lin et al. (17) first
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observed and defined fluctuations in the ILM in OCT images

of 34 out of 65 VKH eyes (52.3%). They also proposed local

constriction caused by inflammatory cells infiltrating in the vitreous

and diffuse, but uneven, edema of the retina and the choroid due to

inflammation may be the cause (17). We also observed fluctuations

in the ILM in more than 50% of the eyes of both types of VKH

disease patients, and the frequencies of fluctuations in the ILM of

two types of VKH showed no significant difference. In our study,

the subclinical ERD detected by OCT at the acute uveitis stage of

OD swelling type VKH disease was shallow and localized compared

to the high and extensive ERD of the ERD type. Moreover, the

frequency of ERDwas observed to be lower in the OD swelling type.

Gupta et al. described RPE folds, also known as RPE undulations,

as peaks and troughs of the RPE layer in all 4 VKH patients

(eight eyes) studied with 3-dimensional OCT (7). Hosoda et al. (18)

hypothesized that the thick and deformed inflammatory choroid of

VKH patients contributes to the formation of RPE folds. RPE folds

were also common in our study, seen in more than 80% of eyes of

both types of VKH disease patients, with the frequencies between

the two types showing no significant difference. Fluctuations in

the ILM, ERD, and RPE folds were common OCT features in

both types of VKH disease, which may help in the diagnosis. The

frequency of OD swelling at the acute uveitis stage of OD swelling

type VKH disease was significantly higher than that of the ERD

type. A previous study speculated that older age and crowded discs

correlate with the occurrence of OD swelling (19). The average

age of OD swelling type VKH disease was higher than that of

the ERD type; however, it is not significant in the present study,

and a larger sample size is needed to show statistical significance.

Further studies on the choroidal circulation and discmorphology of

OD swelling type VKH disease are warranted. These OCT features

responded rapidly to systemic corticosteroid treatment in both

types of VKH disease in our study. All of these features regressed

within 8 weeks, except OD swelling and fluctuations in the ILM in

the OD swelling type which may be due to severe OD hyperemia

and swelling. Close monitoring of these OCT features would help

in the evaluation of therapeutic efficacy.

OCT features related to tissue disorganization (BLD, EZ

disruption, and IZ disruption) of VKH disease are discussed below.

BLD, a common OCT feature of ERD type VKH disease, described

as the cystoid space andmembranous structure previously (20), was

termed and defined by Mehta et al. (14) as the break within inner

segment myoids that isolate ellipsoids and outer segments from the

remaining photoreceptor cell bodies. Hydrostatic forces originating

from choroidal inflammation and strengthening adherence at the

IZ by the subretinal fibrin may both contribute to the split in

the structural weakness myoid layer of VKH patients (8, 21).

From Agarwal et al.’s (8) report, BLD was found in 112 of

the 118 (94.9%) VKH eyes with serous retinal detachment at

presentation, all of which resolved within 3.4 ± 1.3 days after

intravenous methylprednisolone therapy (8). The percentage of

BLD was 65.6% in ERD type VKH eyes at the acute uveitis stage

in our study, and all regressed within 4 weeks after oral prednisone

therapy. The percentage of BLD in the ERD type in the present

study is lower than that in the former report (8), which may

be due to different inclusion criteria. In the former report, only

patients with multifocal serous retinal detachment were included

(8), which may exclude less severe ERD type VKH patients. Based

on the consensus of the International Nomenclature for Optical

Coherence Tomography Panel, the outer three hyperreflective

bands that were identified included the EZ, IZ, and RPE/Bruch’s

complex (22). Zhao et al. (13) observed the disappearance of the

three-layer structure on OCT images of acute uveitis stage VKH

patients. In our study, disruption of the EZ occurred in 70.3%

of the eyes in the ERD type and 53.3% of the eyes in the OD

swelling type, while disruption of the IZ occurred in 100% of the

eyes in the ERD type and 93.3% of the eyes in the OD swelling

type at the acute uveitis stage. We propose two explanations to

help illustrate the occurrence of EZ and IZ disruption: outer

segments and ellipsoids of photoreceptor cells injured in sequence

by inflammation from the choroid and ellipsoids and outer segment

degeneration after isolating from the remaining photoreceptor cell

bodies in the BLD region. The EZ was gradually restored after

systematic anti-inflammatory treatment. IZ restoration was slow

(10% in the ERD type and 40% in the OD swelling type within 8

weeks), and the hyperreflective band of IZ may not be observed

in some VKH patients until years after presentation based on our

clinical experience.

Hyperreflective substances above the RPE may be constituted

by degenerated photoreceptor outer segments, inflammatory

exudation, and hyperplasia of RPE cells (23) after a period of

disease onset. The frequency of hyperreflective substances above

the RPE was higher in OD swelling type VKH disease than

that in the ERD type at the acute uveitis stage. The longer

interval between the onset of ocular symptoms and the start

of treatment in OD swelling type than that in ERD type may

be responsible. Degenerated photoreceptor outer segments and

inflammatory exudation increase over time, and hyperplasia of

RPE cells occurred at a certain time. Degenerated photoreceptor

outer segments and inflammatory exudation are gradually resolved;

however, hyperplasia of RPE cells remains (24), which may help

explain why a small number of hyperreflective substances above the

RPE still existed until the 8-week follow-up.

PED on OCT images is less common in VKH disease. In our

study, it was observed in 7 out of 64 eyes (10.9%) and 3 out of 30

eyes (10%) at the acute uveitis stage of ERD type and OD swelling

type VKH disease, respectively. Khochtali et al. (25) reported two

acute VKHdisease patients with bilateral PED. Although resolution

of PED after systemic corticosteroids would suggest an underlying

inflammatory mechanism, the exact process of PED is still unclear.

5 Conclusion

The current study compared EDI-OCT features of ERD

type and OD swelling type VKH disease at acute uveitis

and convalescence stages and explored the underlying

physiopathological mechanisms. Although ERD type and OD

swelling type VKH disease bear their own unique characteristics,

they share common OCT features. Fuzzy or lost pattern of the

choroidal vasculature indicates choroidal inflammation and was

observed in all VKH patients at the acute uveitis stage. This may

serve as a diagnostic aid for VKH disease, especially for the OD

swelling type and the early-stage ERD type. All OCT features

responded well to systematic anti-inflammatory treatment. Close

monitoring of these OCT features would help in the evaluation of

therapeutic efficacy.
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