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Abstract

Purpose To investigate the relationship between circulation
hemodynamics and morphology in the choroid during system-
ic corticosteroid therapy for patients with Vogt—Koyanagi—
Harada (VKH) disease.

Methods This retrospective case series includes 18 eyes of
nine patients with VKH disease (two men and seven women;
average age, 40.8 years) who received systemic corticosteroid
therapy. Laser speckle flowgraphy (LSFG) and enhanced-
depth imaging optical coherence tomography (EDI-OCT)
were performed before treatment and at 1 week and 1 and
3 months after treatment. The average values of the mean blur
rate (MBR) at the macula and the central choroidal thickness
(CCT) were compared at each stage.

Results The changing rates of the average MBR significantly
increased at all examinations after the start of treatment com-
pared with the pre-treatment value with resolution of serous
retinal detachment (SRD) (P=0.0002 for all). The CCT de-
creased significantly at all examinations after the start of treat-
ment compared with the pre-treatment value (P=0.0002 for
all). Changes in MBR and CCT during the 3-month follow-up
period correlated significantly (R=—0.5913, P=0.0097). The
best-corrected visual acuity at pre-treatment correlated signif-
icantly with the changing rate of the MBR from 0 to 3 months
(R=0.5944, P=0.0093) but not with CCT.
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Conclusions Our data suggest that circulatory disturbances
and increased thickness of the choroid relate to the pathogen-
esis of VKH disease with link mutually. LSFG is useful as an
index for evaluating the choroiditis activity of VKH disease as
well as EDI-OCT.
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Introduction

Vogt—Koyanagi—Harada (VKH) disease is a multisystemic
syndrome that may be caused by autoimmunity against mela-
nocytes [1]. In the eye, this disease initially targets the choroid,
and its histopathology is characterized by diffuse infiltration
of lymphocytes with focal granulomas in the choroidal stroma
[2]. Large doses of systemic corticosteroid administered as
early as possible after disease onset may prevent recurrence
[3]. Therefore, ophthalmologists must evaluate the severity of
inflammation in the choroidal stroma in tapering the dose of
systemic corticosteroids; however, the most suitable indices
for this purpose are not established.

Recent studies using enhanced-depth imaging optical co-
herence tomography (EDI-OCT) and swept-source OCT (SS-
OCT) show that choroidal thickness increases markedly in
acute VKH disease, and rapidly decreases together with the
resolution of serous retinal detachment (SRD) after adminis-
tration of systemic corticosteroids [4, 5]. Moreover, an in-
crease in choroidal thickness recurs concurrently with recur-
rence of SRD [6, 7]. Therefore, measurements of choroidal
thickness may be useful as an index of evaluating disease
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activity quantitatively. However, it is difficult to quanti-
tate choroidal thickness in the initial stage of VKH dis-
ease even using SS-OCT, because the thickness often
increases beyond 1,000 um [4-6]. Moreover, pretreat-
ment choroidal thickness has been shown not to corre-
late with retinal thickness or visual acuity [5]. These
observations suggest that choroidal thickness measure-
ments using available techniques are not sufficiently ro-
bust to provide an index of choroiditis activity.

Laser speckle flowgraphy (LSFG) is a noninvasive
technique that determines choroidal blood flow velocity
[8, 9]. LSFG evaluates the blood flow of the deep cho-
roidal layers, particularly in the macular area [10], and
has the advantage of providing quantitative and repeated
measurements of choroidal circulation at intervals during
the course of a disease [11-16]. We previously showed
using LSFG that square blur rate, a relative value of the
blood flow at the macula, increased significantly over
time together with improved visual acuity during sys-
temic corticosteroid therapy of the eyes of patients with
VKH disease [11], suggesting that LSFG is a potent
technique for evaluating disease activity. A modified
system, LSFG-NAVI generates mean blur rate (MBR),
a new index of the blood flow (MBR=2xSBR) , and
can obtain reproducible data in a short time of approx-
imately 4 seconds [17]. However, there are no studies
on the relationship between choroidal blood flow veloc-
ity and choroidal thickness or visual acuity in
chorioretinal diseases, including VKH disease [18].
The aim of this study, therefore, was to examine rela-
tionships between choroidal blood flow, choroidal thick-
ness, and visual acuity in VKH disease by measuring
sequential changes in the thickness of the choroid as
well as blood flow during systemic corticosteroid thera-
py. We used EDI-OCT and LSFG to analyze these var-
iables in patients with VKH disease.

Methods
Patients and diagnosis

This observational case series included 18 eyes of nine pa-
tients [two men and seven women aged 40.8 years+14.0;
mean+standard deviation (SD)] with VKH disease who were
admitted to Hokkaido University Hospital from July 2012 to
May 2014. Their medical records were retrospectively
reviewed. All patients were treatment-naive at an early stage
of disease, and were followed using LSFG and EDI-OCT.
VKH disease was diagnosed according to the criteria of
Sugiura [19] and the VKH Disease Committee [20].
Exclusion criteria were as follows: patients who were unable
to undergo LSFG or EDI-OCT, patients with presumed
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recurrent disease with the sunset glow fundus at the initial
visit, patients with bullous retinal detachment at the macula,
and patients with poor fixation due to poor visual acuity. None
of the patients had any medical or ocular history, in-
cluding systemic or ocular hypertension and ocular trau-
ma or surgery. The current study was approved by the
ethics committee of Hokkaido University Hospital, and
followed the tenets of the Declaration of Helsinki.
Informed consent was obtained from all subjects for
chart review after the nature and possible consequences
of the study had been explained.

Treatment

Administration of prednisolone was started at 200 mg/day.
The tapering schedule for prednisolone required intravenous
(i.v.) administration of 200 mgday, 150 mg/day, and 100 mg’
day, with each dose administered over a 2-day period. After
the first 6 days of i.v. administration, tapering was continued
using oral doses according to the following schedule: 4 days at
60 mgday, 10 days at 40 mgday, 14 days at 30 mgday,
1 month at 20 mgday, 1 month at 15 mg/day, 1 month at
10 mgday, 1 month at 7.5 mgday, and 1 month at 5 mg/day.
No other immunosuppressants were administered. No recur-
rence of uveitis was noted within 3 months of the initiation of
systemic corticosteroid therapy.

Ophthalmologic examination

On the initial visit, all patients underwent a complete ophthal-
mic examination, including decimal best-corrected visual acu-
ity (BCVA), indirect ophthalmoscopy, fundus photograph,
fluorescein angiography (FA), indocyanine green angiography
spectral-domain OCT (cross-sectional retinal B-scans of 5% 5
lines), EDI-OCT (RS-3000 Advance; Nidek Co., Ltd.,
Gamagori, Japan), and LSFG. During follow-up, BCVA as-
sessment and EDI-OCT were performed at pre-treatment, every
week for 1 month after treatment, and every month thereafter.

EDI-OCT

Using EDI-OCT, the central choroidal thickness (CCT) was
determined by manually measuring the distance from the out-
er border of the hyperreflective line corresponding to the ret-
inal pigment epithelium (RPE) to the outer border of the cho-
roid beneath the fovea, using a horizontal scan through the
fovea. Further, the height of SRD within 3 mm from the fovea
was examined by manually measuring from the outer border
of the RPE to the outer border of the detached sensory retina.
YH and KH independently evaluated OCT images in a
masked fashion, not knowing any subject’s clinical informa-
tion. When choroidal thickness reached >800 pwm, these were
defined as 800 wm, because the inner scleral border could not
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be visualized using EDI-OCT. We determined the statis-
tical significance of the differences in average CCT
values between each stage.

LSFG

LSFG measurements using LSFG-NAVI (Softcare,
Fukuoka, Japan) were conducted 5 consecutive times
for each phase before treatment, and at 1 week and 1
and 3 months after initiation of systemic prednisolone
therapy. The mechanism of LSFG has been published
[8, 9]. The pupils of the subjects were dilated with
0.5 % tropicamide and 0.5 % phenylephrine hydrochlo-
ride. To evaluate the changes in the relative blood flow
velocity, a circle was set at the fovea (Fig. 1f, h, j). The
positions of circles were determined manually by com-
paring the fundus photograph and the LSFG color map
images, sparing the large retinal vessels. The MBR was
calculated in each circle using LSFG Analyzer software
(v 3.0.47; Softcare) that automatically set each circle at
the same site where a circle had been set at baseline
during follow-up. To evaluate changes in average MBR,
the changing rate of the average MBR relative to the
initial baseline value was utilized [12, 13, 16], because
MBR is a quantitative index of the “relative” blood
flow velocity.

Hemodynamics

There is a linear relationship between choroidal blood
flow and ocular perfusion pressure (OPP) [21]. The pa-
tient’s blood pressure and intraocular pressure (IOP)
were measured after each LSFG measurement. Mean
blood pressure (mBP) was calculated from systolic
blood pressure (sBP) and diastolic blood pressure
(dBP), according to the following equation: mBP=
dBP+1/3(sBP—dBP) [22]. OPP was calculated using
the following equation: OPP=2/3 mBP-IOP. The signif-
icance of variations in IOP, mBP, and OPP before treat-
ment, and at 1 week and 1 and 3 months after treat-
ment, were evaluated using statistical tests.

Statistical analyses

All results were expressed as the mean+SD. The
BCVA was converted to the logarithm of minimal an-
gle of resolution (logMAR). The Friedman test and/or
Wilcoxon signed rank test were used to compare
changes in logMAR BCVA, the height of SRD, CCT,
the changing rate of MBR, and OPP. Spearman’s rank
correlation test was used to determine the relationship
between the changing rate of the MBR and the CCT,
and the MBR or CCT and variables including logMAR

BCVA and SRD height. For all tests, P<0.05 was con-
sidered statistically significant.

Results
Ocular findings and retinal morphology

Ocular findings in eyes with VKH disease are summa-
rized in Table 1. Before treatment, SRD was present in
14 of 18 eyes in the macular area, surrounding of the
optic disc, or both. It was detected by OCT retinal scan
in nine eyes especially in the macular area. SRD was
reduced 1 week after treatment, and was undetectable in
all eyes within 3 months after treatment. The height of
SRD was reduced significantly at 1 week and later com-
pared with the pre-treatment value (P=0.0117 for all).
The BCVA improved to more than 1.0 in all except two
eyes 3 months after treatment.

CCT

The CCT of all eyes 3 months after treatment markedly
decreased compared with pretreatment values (Figs. le,
g, 1, 2a, Table 2). There was a statistically significant
difference in the CCT values during the 3-month fol-
low-up period (Friedman test, P=0.000000012) and sig-
nificant decreases at all examinations after the start of
treatment against the pre-treatment value (Fig. 2a,
Wilcoxon signed rank test, P=0.0002 for all).

MBR

The MBR values at the macula gradually increased
compared with the pre-treatment values in all eyes
(Fig. 1f, h, j, Table 2). When the changes of macular
MBRs were compared with the pre-treatment value
(100 %), increases of 50.2+37.6 %, 74.3+£52.8 %,
and 80.84+46.2 % were detected at 1 week and 1 and
3 months after treatment respectively (Fig. 2b). There
was a statistically significant increase in the MBR
changing rate values (Friedman test, P=0.000000025),
and significant increases at all examinations after the
start of treatment compared with the pre-treatment val-
ue (Fig. 2b, Wilcoxon signed rank test, P=0.0002 for
all).

Correlation between MBR and CCT or BCVA
There was a statistically significant inverse correlation
between the increase in the magnitude of the MBR

changing rate and the decrease of the changing rate of
CCT during the 3-month follow-up period after
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treatment was initiated (Fig. 3a, R=—0.5913, P=0.0097).  Correlation between CCT and BCVA

There was a positive correlation between the increase in

the magnitude of the changing rate of the MBR and the  The differences between the decrease of CCT (0-3 months)
logMAR values of the BCVA at pre-treatment (Fig. 3b,  and pre-treatment BCVA were not statistically significant (R=
R=0.5944, P=0.0093). 0.3942, P=0.1055). Moreover, there were no significant
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<« Fig. 1 Images of the right eye in a patient with Vogt-Koyanagi-—Harada
(VKH) disease (case 3). a The fundus shows serous retinal detachment
(SRD) extending from the optic disc to the posterior pole, choroidal folds,
and optic disc swelling at the initial visit. b Late-phase fluorescein
angiography shows subretinal pooling of the dye corresponding to SRD
and leakage from the optic disc. ¢ Initial-phase indocyanine green
angiography (ICGA) shows fuzzy choroidal vessels at the posterior
pole. d ICGA 10 min after the dye injection shows multiple
hypofluorescent spots extending beyond the posterior pole. e—j Images
of enhanced-depth imaging optical coherence tomography (EDI-OCT; e,
g, i) and laser speckle flowgraphy (LSFG; f, h, j). e EDI-OCT at pre-
treatment demonstrates SRD at the macular area and marked choroidal
thickening. Central choroidal thickness (CCT) was >800 pum. g, i The
CCT sequentially decreased to 472 um and 378 um at 1 month (g) and 3
months (i) after the initiation of systemic corticosteroid administration
respectively, together with the resolution of macular SRD. f, h, j
Composite color maps of the mean blur rate (MBR) measured using
LSFG. The warm and cool colors indicate high and low MBR
respectively. The MBR at the macula (within a circle) was 6.0, 11.6,
and 12.0 at pre-treatment (f), and 1 month (h) and 3 months (j) after
treatment, respectively, and increased thereafter

correlations between the decrease of CCT and BCVA im-
provement (0—3 months) (R=-0.1103, P=0.6630).

Correlation between height of SRD and other variables

There was a statistically significant correlation between the
pre-treatment values of the SRD height and BCVA (R=
0.8367, P=0.000015) and the decrease in SRD height and
the BCVA changes during the 3-month follow-up period

(R=-0.8328, P=0.000018). There was a significant correla-
tion between the SRD height at pre-treatment and the differ-
ences of MBR (0-3 M) (R=0.4815, P=0.0431), but not be-
tween the SRD height at pre-treatment and the CCT change
(03 M) (R=0.1235, P=0.6254).

OPP and hemodynamics

The mean OPP was 40.7+3.4, 38.5+4.0, and 39.6+
5.3 mmHg at pre-treatment and 1 and 3 months after treatment
respectively. There were no significant differences between
pre-treatment values and values at 1 month or 3 months after
treatment (P=0.1989, P=0.4204, respectively).

Discussion

In the present study, using LSFG and EDI-OCT to analyze
patients with VKH disease who received systemic corticoste-
roid therapy, we made the following observations:

(1) Macular MBR significantly increased over time after
treatment, whereas CCT decreased significantly together
with improvement of BCVA and SRD.

(2) There was a negative correlation in the changing rates of
MBR and CCT during the 3-month follow-up period
after initiation of therapy.

Table 1  Clinical characteristics of patients with Vogt—Koyanagi—Harada disease
ICGA FA
No. Age Sex R/L Cell/flare SRD Optic disc Fuzzy choroidal Hypofluorescent Pinpoints Pleocytosis  Systolic blood
hyperemia vessels dark dots Hyperfluorescence pressure (mmHg)

1 31 M R + + + + + + + 106
L + + + + + +

2 34 F R + - - + + - + 116
L + - - + + -

3 56 F R - + + + + + + 117
L - + + + + +

4 31 F R - + + + + + + 107
L + + + + + +

5 29 F R + + + + + + + 120
L + + + + + +

6 64 F R + + + + + + + 96
L + - + + + -

7 22 M R + + + + + + + 104
L + + + + + +

8 43 F R + + + + + + + 103
L + + + + + +

9 57 F R + + + + + + + 125
L + - + + + -

SRD serous retinal detachment, /CGA indocyanine green angiography, FA4 fluorescein angiography
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Fig. 2 Changes in CCT measured using EDI-OCT (a) and MBR at the
macular region (circles shown in Fig. 1, h, j) measured using LSFG (b)
during the 3 months after the initiation of systemic corticosteroid therapy
in patients with VKH disease. a The mean CCT decreased gradually after
systemic corticosteroid treatment, and the values at all examinations after
the start of treatment were significantly reduced compared with the pre-
treatment value. b Changing rates of the average macular MBR values
relative to baseline values (100 %) increased with time, and significantly
increased at all examinations after the start of treatment compared with
the pre-treatment value

(3) BCVA at pre-treatment significantly correlated with the
changing rate of MBR but not that of CCT during the 3-
month follow-up.

(4) Height of SRD at pre-treatment significantly corre-
lated with MBR changes (0—-3 M) but not with
CCT changes.

In the present study, the changes in choroidal blood flow

velocity and thickness correlated negatively during systemic
corticosteroid therapy of patients with VKH disease. This
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result suggests that there is a causal relationship between cho-
roidal circulation and morphology. The relationship may be
explained as follows: diffuse infiltration of lymphocytes,
which is histopathologically observed in VKH disease [2],
compresses the vessels in the choroidal stroma, leading to
decreased blood flow; inflammation extending to the choroi-
dal vessels causes vascular hyperpermeability and the resul-
tant accumulation of the fluids in the choroidal stroma, leading
finally to a marked increase of choroidal thickness. Systemic
corticosteroid therapy may reverse these adverse effects after
inflammation of the choroid resolves. Taken together, the
close link between the MBR and CCT during treatment sug-
gests that both factors are critically involved in the pathogen-
esis of VKH disease and serve as a useful index for evaluating
choroiditis activity.

The present study revealed a statistical correlation
between changes of MBR and BCVA or the SRD height
before treatment, suggesting a close link between the
extent of the alteration of choroidal circulation and ini-
tial visual function in VKH disease. In contrast, there
was no significant correlation between CCT and initial
BCVA or the height of SRD at pre-treatment which is
consistent with the results of another study [5]. The
reason may be that accurate measurements of choroidal
thickness in the initial stage of this disease are difficult
using available techniques. Therefore, our findings sug-
gest that MBR is more likely than CCT to serve as a
sensitive index for evaluating choroiditis activity in
VKH disease.

MBR is a relative value of blood flow velocity. However,
the MBR within the optic nerve head of rabbits or nonhuman
primates directly and linearly correlates with capillary blood
flow determined using the hydrogen gas clearance method or
the microsphere method that yields an absolute value [23, 24].
MBR would serve as a more useful index for evaluating dis-
ease activity if it could evaluate absolute values. However, this
will require further advances in LSFG technology. In the pres-
ent study, there was a statistically significant correlation be-
tween pre-treatment MBR values and initial BCVA (data not
shown).

The present study has some limitations. First, this
study is retrospective and analyzed a small number of
cases. Second, the presence of SRD at the macula be-
fore treatment may affect the MBR measurements.
However, eyes with bullous retinal detachment at the
measurement site were not included in this study.
LSFG evaluates mainly blood flow in the choroidal
deep layers [10], because LSFG employs a wavelength
of 830 nm, similar to that of ICGA. In investigation
using LSFG in acute CSC, there were similar changes
in MBR at the fovea with SRD and the perifoveal area
without SRD with regression of CSC [12]. Thus, the
effect of SRD on MBR measurements appears to be



615

Graefes Arch Clin Exp Ophthalmol (2015) 253:609-617

IUOW Jy7 [OM 4 ‘YOI 7 WS Y ‘SSOUIIY) [EPIOIOYD [BNUID 7)) QJel IN[q UBIW Y gy FUSWIYOR)IP [BUNAI SNOIAS (7S ‘ANNOE [BNSIA PAJIAII0I-)SAq FADG

6 1SFYTOE 9SOFH8LE CEIIFIOLY 0°0F008 I'€F90I LTFIOI I'€F06 9TFE9 00F00 SITFES $L8F6TS STITFYLLL TOFTI €OFIT €0F0T SOFOIL dSFued
8Ly 844 0Ly 008< L0T €Tl 901 6'8 0 0 0 0 Tl Tl Sl T
SLE SLE Sty 008< 01 8yl Tyl 96 0 0 0 0 Tl 01 4! 01T ¥ 6
ILE 9% 19 008< 8¢ 'S 9°¢ 6'C 0 0 0 826 Tl 01 90 S00 1
PS¢ L8 959 008< 1’9 6L Ts 6'¢ 0 0 6£T LST Tl 60 L0 60 d 8
TS T6¢ 95t 008< 0Ll vel €el 701 0 0 LET ss¢ Sl Sl 01 01 1
16t Ii¢g 6T 008< eyl el I'¢l 101 0 0 SII T Sl Sl 4! 01 ¥ L
65¢ TLE SYov 008< 0L L01 YL vy 0 0 0 0 Tl 01 4! S|
8¢ SLEYy 8t 008< S'L 01 08 19 0 0 0 0 Tl 01 4! S| 9
€6¢ 9T 91¥ 008< zol v'9 €S L 0 0 8 9¢1 L0 L0 L0 Lo 1
L9€ 0LT 61% 008< Tl 8L L'L 6 0 0 98 8TI 01 80 L0 90 M S
vLE 0T 10 008< 89 9y ¥'s 0¢ 0 0 0 689 60 60 60 o 1
08¢ (43 T6¢€ 008< 101 08 9L ) 0 0 0 YL Tl 01 01 | 4
SOt 8¥¢ 801 008< T0I $'6 T8 89 0 0 0 0 01 Sl 4! T
8LE Ly 6¥¢ 008< 0TI 911 8’8 09 0 0 0 0 Tl Sl 01 | €
wy 6LE ¥SL 008< 6°¢l €0l 801 '8 0 0 0 0 Sl - Tl 711
89¢ 9I¢ $89 008< iaa! €zl I'v1 601 0 0 0 0 Tl - Sl 71 ¥ 4
Ss¢ €8¢ 96¢ 008< 6'8 901 €8 S'¢ 0 $6 €6 80 Tl L0 S0 o 1
(433 65¢ 6c 008< €0l LTl 901 Ty 0 0 0 0 Tl Tl 4! 01 ¥ I
NE NI M1 aid NE NI MI a1d INE NI M1 a1d NE NI M1 ard 14 "ON
(wm) 12D YIN (wr) @YS o WSH VADH

SSOUD[OIY) [EPIOIOYO [eNUSD PUE dJel INJq UBSW A} Ul saSuey) g IqeL

pringer

As



616

Graefes Arch Clin Exp Ophthalmol (2015) 253:609-617

A Correlation between MBR and CCT
(%)
200
Spearman's rank correlation
. R=-0.5913, P=0.0097
e
> 1501 o @
& [ 1)
=
B 100 o o0
2
5
2 e °
o0
S 50 A o .. °
= °
© °
L °
0 . . ,
-60 -50 -40 -30
Changing rate of CCT (0-3M) (%)
B Correlation between MBR and BCVA at pretreatment
(%)
200 - .
Spearman's rank correlation
° R=0.5944, P=0.0093
E. 150 ° °
e
4 [ J [ ]
)
p=
4 100 o L] [
Q
s
2 ® * .o
2 50 | °
£ s
O [ ]
o9
0 . : . s
0.5 0.0 0.5 1.0 L5

logMAR BCVA at pretreatment

Fig. 3 Correlation between the MBR and CCT or the best-corrected
visual acuity (BCVA). a There was a statistically significant inverse
correlation between the decreased or increased changing rates of CCT
and MBR during the 3-month follow-up period with systemic
corticosteroid therapy. b There was a statistically significant positive
correlation between the logMAR BCVA at pre-treatment and the
increased amount of macular MBR changing rate during the 3-month
follow-up period

minimal or negligible in the present study. Further stud-
ies are required to establish indices that evaluate
choroiditis activity.

In conclusion, our use of EDI-OCT and LSFG to evaluate
patients with VKH disease who were treated with systemic
corticosteroid shows that blood flow velocity in the choroid
negatively correlated with its thickness. Moreover, the BCVA
before treatment correlated with choroidal blood flow but not
choroidal thickness. These results suggest that circulatory dis-
turbances and increased thickness of the choroid caused by
choroiditis in VKH disease are closely linked, and that MBR
is useful for noninvasively monitoring the choroiditis activity of
VKH disease as well as for determining choroidal thickness.
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