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Abstract 

Background:  Optical coherence tomography angiography (OCTA) is a novel technology that provides a noninvasive, 
dye-less method to visualize the blood vessels of the retina. In the present study, we investigate macular microvascu‑
lar density and the correlation of ocular and demographic factors using OCTA in Posner-Schlossman syndrome (PSS) 
patients.

Methods:  This is a prospective observational study. All PSS patients and age- and sex-matched healthy subjects 
underwent complete ophthalmologic examination, and RE, BCVA, IOP, CCT, AL, CMT, GCIPI, RNFL, C/D ratio were 
recorded. The whole-image vessel density (wiVD) and whole-image perfusion density (wiPD), three-circle (1 mm cen‑
tral ring, 3 mm inner ring, 6 mm outer ring), and four-quadrant segmental VD and PD were calculated.

Results:  Seventeen PSS patients and 17 healthy subjects were enrolled in this study. The mean age was 
42.65 ± 11.22 years in PSS patients and 42.71 ± 10.50 years in healthy controls. IOP, CCT, and C/D ratio were higher in 
PSS-attacked eyes, and BCVA, OPP and RNFL thickness was lower than those in the fellow eyes (p < 0.05). BCVA and 
OPP were improved in the PSS-attacked eyes in intermittent period (p < 0.05). The wiVD and wiPD were lower in the 
PSS-affected eyes than in the fellow eyes and in the control eyes in the PSS-attacked period (p < 0.05). All segmental 
VD and PD was lower in the PSS affected eyes than in the healthy control eyes (p < 0.05). In intermittent period, the 
wiVD and wiPD were lower in the PSS-affected eyes than in the fellow eyes (p < 0.05). Age, CCT, and SSI were associ‑
ated with macular wiVD and wiPD in PSS attacked period. Age and CCT were associated with macular wiVD and wiPD 
in PSS intermittent period.

Conclusion:  Decreased macular superficial VD and PD was found in patients with Posner-Schlossman syndrome in 
attacked period and in remission. Macular wiVD and wiPD were associated with age, CCT and SSI in PSS patients.

Keywords:  Optical coherence tomography angiography, Macular superficial vessel density, Posner-Schlossman 
syndrome, Intraocular pressure, Central cornea thickness, Ocular perfusion pressure
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Background
Optical coherence tomography angiography (OCTA) is 
a novel technology that provides a noninvasive, dye-less 
method to visualize the blood vessels of the retina [1, 2]. 
OCTA achieves blood vessel image by using commer-
cially available or custom-research oriented algorithms 
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for analysing the variation in OCT signal caused by mov-
ing particles, such as red blood cells [3]. The different 
algorithms used in OCTA are split-spectrum amplitude 
decorrelation angiography (SSADA), optical microan-
giography (OMAG), OCT angiography ratio analysis 
(OCTARA),speckle variance, and correlation mapping 
et  al. [1, 4–8]. SSADA and OMAG are two common 
commercially available algorithms embedded in OCTA 
device.

Studies with OCTA revealed retinal vascular factors 
reduced in glaucoma and vascular factors have been sug-
gested to play a role in glaucoma development and pro-
gression [9, 10]. Retinal vessel density (VD) decreased in 
primary open angle glaucoma (POAG), primary angle-
closure disease (PACD), and other secondary glaucoma, 
such as pseudoexfoliation syndrome (PEX), using OCTA 
examination [11–13]. Posner-Schlossman syndrome 
(PSS), also known as glaucomatocyclitic crisis, one of 
secondary glaucoma, is clinically characterized by recur-
rent mild, nongranulomatous anterior uveitis and acute 
elevated intraocular pressure (IOP) [14, 15]. This dis-
ease is considered a benign condition because the clini-
cal manifestation of PSS-affected eyes can be completely 
recovered in the intermittent period in most cases. How-
ever, long-term, recurrent episodes may eventually result 
in optic neuropathy and visual function loss [16]. The 
microvasculature in PSS patients is unclear in present. 
The aim of this prospective observational study was to 
investigate macular microvascular density and the cor-
relation of ocular and demographic factors with macular 
microvasculature in PSS patients.

Methods
Ethics declaration
This study was approved by the Institutional Review 
Board at Department of Ophthalmology, Affiliated 
Foshan Hospital, Southern Medical University (No. 
KJ2019002). All examinations and management were 
performed in accordance with the Declaration of Hel-
sinki in 1964 and revised in 2020. All subjects recruited 
in this study signed informed consent forms.

Study population
A prospective cross-sectional study was conducted at 
the Department of Ophthalmology, the Second People’s 
Hospital of Foshan, between December 2019 and June 
2022. PSS was diagnosed according to the following cri-
teria: (1) unilateral and recurrent mild inflammation in 
the anterior chamber; (2) characteristic hoar and white 
suet-shaped keratic precipitates (KPs); (3) transient epi-
sodes of elevated IOP; (4) open angles without iris syn-
echia; and (5) no posterior inflammation. Exclusion 
criteria included previous antiviral treatment, intraocular 

surgery, or penetrating ocular injury. The inclusion crite-
ria for the PSS patients were (1) being older than 18 years 
old, (2) refractive error (RE) beyond ± 6D of the sphere 
or ± 3D of the cylinder, (3) presence of significant media 
opacities (e.g., corneal or opacity cataract), (4) history of 
ocular surgery, (5) history of retinal diseases (e.g., macu-
lar degeneration, diabetic retinopathy, retinal detach-
ment and central serous chorioretinopathy), (6) history 
of systemic diseases, such as hypertension, diabetes 
mellitus, coronary artery disease, cerebral vascular acci-
dent, migraine and obstructive sleep apnoea syndrome 
(OSAS), and (7) recent episode with IOP controlled 
under topical anti-glaucoma and/or anti-inflammation 
medications history, and these medications discontinued 
less than 1 month.

The inclusion criteria for the healthy subjects were (1) 
being over 18 years old, (2) having no ocular disease his-
tory, (3) having no history of systemic disease, and (4) 
having best-corrected visual acuity (BCVA) ≥ 20/20, and 
(5) RE within ± 6D of the sphere or ± 3D of the cylinder.

Ocular examinations
All subjects underwent complete ophthalmologic exami-
nations, including refractive measurement, BCVA and 
IOP measurements with Goldmann applanation tonom-
etry, slit-lamp biomicroscopy, indirect fundus ophthal-
moscopy, central cornea thickness (CCT), and axial 
length (AL) measurement using a Lenstar LS 900 (Haag-
Streit, Koeniz, Switzerland) and gonioscopy. Arterial sys-
tolic blood pressure (SBP) and diastolic blood pressure 
(DBP) were recorded. Mean arterial pressure (MAP) was 
calculated with the equation MAP = 1/3SBP + 2/3DBP. 
Ocular perfusion pressure (OPP) was calculated with the 
equation OPP = 2/3(MAP-IOP).

Optical coherence tomography (Cirrus 5000 HD-
OCT; Carl Zeiss Meditec, Inc., Dublin, CA) was used to 
assess central macular thickness (CMT, central 1  mm) 
and macular ganglion cell-inner plexiform layer thick-
ness (GCIPL). A 512 × 128-μm macular cube was used to 
assess these two macular structure parameters. Both eyes 
of PSS patients and one eye of healthy subjects under-
went OCTA examination using a Zeiss AngioPlex device 
(Cirrus HD‐OCT 5000, Zeiss Meditec. Inc. Dublin, 
CA). This OCT device uses an OMAG algorithms with 
commercial embedded software for analysis (version, 
10.0.0.14618), which utilizes both the intensity and phase 
information from B scans repeated at the same position 
to delineate blood vessels [1].

Macular miacrovascular denstiy was calculated using a 
scan rate of 68,000 A-scans per second and with a real-
time eye-tracking system (FastTracTM) to reduce motion 
artefacts. The 6 × 6 mm scan pattern has 350 A-scans in 
each B-scan along both the horizontal and the vertical 
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directions [3]. The superficial capillary plexus was meas-
ured from the internal limiting membrane to the inner 
plexiform layer [17]. Angiometric software of the Cir-
rus OCT automatically calculates 2 parameters from 
the superficial retinal layer slab. VD is defined as the 
total length of the perfused vasculature per unit area 
(mm−1) in the region of measurement. Perfusion den-
sity (PD) is defined as the total area of perfused vascu-
lature (on the binarized image) per unit area in a region 
of measurement. The OCTA software can automatically 
calculate the whole-image vessel density (wiVD), three 
circles of vessel density (1 mm central ring, 3 mm inner 
ring, 6 mm outer ring), and segmental VD, in which the 
inner ring and outer ring are further grouped into four 
quadrants (superior, inferior, nasal and temporal), based 
on the Early Treatment of Diabetic Retinopathy Study. 
PD parameters can also be calculated in the same scan 
(Fig.  1). OCTA images with low image quality, such 
as low signal strength (less than 7/10), loss of fixation, 

segmentation error, motion artefacts, and local image 
loss were excluded.

During the attacked period, the PSS patients were first 
tested for blood pressure, then general ocular exami-
nations, followed by mydriasis with 0.5% tropicamide, 
and finally OCT and OCTA examinations were per-
formed. When patients completed all ocular examina-
tions, they were prescribed topical and/or systemically 
anti-glaucoma medications and topical corticosteroids. 
Regular follow-up visits were carried out and general 
ocular examinations were performed. When IOP was 
under controlled (< 21 mmHg) and KP had disappeared 
or significantly reduced, the condition was defined as 
remission [18]. Anti-glaucoma medications and topi-
cal corticosteroids were then reduced gradually until the 
complete withdrawal. When all medications discontin-
ued more than 1 month, we performed second OCT and 
OCTA examination. In the remission period, in addition 
to blood pressure and general ocular examinations, visual 

Fig. 1  Representation of measurement for macular superficial VD and PD. a Three circles of VD (1 mm central ring, 3 mm inner ring, 6 mm outer 
ring) and four quadrant VD. b Three circles of PD (1 mm central ring, 3 mm inner ring, 6 mm outer ring) and four quadrant PD. c En face image of 
superficial capillary plexus. d B scan to define superficial capillary plexus (red lines)



Page 4 of 12Guo et al. BMC Ophthalmology          (2022) 22:339 

Ta
bl

e 
1 

Ba
si

c 
oc

ul
ar

 c
ha

ra
ct

er
is

tic
s

Bo
ld

 v
al

ue
s 

ar
e 

st
at

is
tic

al
ly

 s
ig

ni
fic

an
t

BC
VA

 b
es

t-
co

rr
ec

te
d 

vi
su

al
 a

cu
ity

, R
E 

re
fr

ac
tiv

e 
er

ro
r, 

IO
P 

in
tr

ao
cu

la
r p

re
ss

ur
e,

 A
L 

ax
ia

l l
en

gt
h,

 C
CT

​ c
en

tr
al

 c
or

ne
a 

th
ic

kn
es

s, 
G

CI
PI

 g
an

gl
io

n 
ce

ll-
in

ne
r p

le
xi

fo
rm

 la
ye

r t
hi

ck
ne

ss
, R

N
FL

 re
tin

al
 n

er
ve

 fi
br

e 
la

ye
r, 

C/
D

 ra
tio

 c
up

/
di

sc
 ra

tio
, V

F 
(M

D
) v

is
ua

l fi
el

d 
(m

ea
n 

de
fe

ct
), 

CM
T 

ce
nt

ra
l m

ac
ul

ar
 th

ic
kn

es
s, 

O
PP

 o
cu

la
r p

er
fu

si
on

 p
re

ss
ur

e

p*
: O

ne
-W

ay
 A

N
O

VA
 w

as
 u

se
d 

in
 th

re
e 

gr
ou

ps
 (n

or
m

al
 e

ye
s, 

PS
S 

ey
es

 a
nd

 fe
llo

w
 e

ye
s)

 in
 P

SS
 a

tt
ac

ke
d 

pe
rio

d.
 p

 A
 v

/s
 B

 a
nd

 p
 A

 v
/s

 C
: O

ne
-W

ay
 A

N
O

VA
. p

 B
 v

/s
 C

, p
 D

 v
/s

 E
, p

 B
 v

/s
 D

, a
nd

 p
 C

 v
/s

 E
: p

ai
re

d 
t t

es
t

N
or

m
al

 e
ye

s(
A

)
PS

S 
ey

es
 in

 
at

ta
ck

ed
 p

er
io

d 
(B

)

Fe
llo

w
 e

ye
s 

in
 

at
ta

ck
ed

 p
er

io
d 

(C
)

PS
S 

ey
es

 in
 

in
te

rm
itt

en
t 

pe
ri

od
 (D

)

Fe
llo

w
 e

ye
s 

in
 

in
te

rm
itt

en
t p

er
io

d 
(E

)

p*
p B 

v/
s 

C
p A

 v
/s

 B
p A

 v
/s

 C
P D

 v
/s

 E
P B 

v/
s 

D
p C 

v/
s 

E

BC
VA

(lo
gM

A
R)

-0
.0

5 
±

 0
.0

9
0.

06
 ±

 0
.1

6
-0

.0
1 
±

 0
.0

9
0.

01
 ±

 0
.1

1
-0

.0
3 
±

 0
.0

8
0.

05
5

0.
00

8
0.

05
0

0.
55

9
0.

05
5

0.
00

8
0.

08
3

RE
 (D

)
-0

.8
3 
±

 1
.7

2
-0

.8
8 
±

 1
.5

5
-0

.9
0 
±

 1
.9

0
-0

.9
7 
±

 1
.9

5
-0

.9
4 
±

 1
.8

8
0.

99
5

0.
41

0
0.

94
1

0.
98

0
0.

89
4

0.
50

8
0.

08
3

IO
P 

(m
m

H
g)

14
.6

4 
±

 2
.6

1
38

.5
8 
±

 8
.5

6
15

.2
3 
±

 4
.5

8
13

.6
4 
±

 1
.4

2
14

.2
1 
±

 2
.4

3
 <

 0
.0

01
 <

 0
.0

01
 <

 0
.0

01
0.

95
5

0.
10

2
 <

 0
.0

01
0.

26
5

A
L 

(m
m

)
23

.7
4 
±

 1
.0

0
24

.2
4 
±

 1
.0

3
24

.2
0 
±

 1
.2

0
24

.1
9 
±

 1
.0

5
24

.2
1 
±

 1
.1

7
0.

33
1

0.
58

7
0.

18
0

0.
22

3
0.

86
8

0.
00

5
0.

30
7

CC
T 

(μ
m

)
54

2.
29

 ±
 2

6.
62

56
7.

94
 ±

 3
6.

70
55

1.
24

 ±
 2

9.
06

54
5.

94
 ±

 3
0.

45
54

8.
82

 ±
 3

1.
46

0.
06

0
0.

00
1

0.
02

0
0.

40
6

0.
16

9
 <

 0
.0

01
0.

11
4

G
C

IP
L 

(u
m

)
85

.1
2 
±

 4
.6

4
80

.1
2 
±

 1
2.

05
84

.6
5 
±

 4
.8

7
85

.1
8 
±

 4
.8

1
80

.3
5 
±

 7
.9

2
0.

14
1

0.
12

8
0.

07
4

0.
86

4
0.

00
7

0.
90

1
0.

13
2

RN
FL

 (u
m

)
95

.2
4 
±

 6
.9

2
90

.4
7 
±

 1
4.

83
95

.7
1 
±

 6
.1

0
87

.0
6 
±

 1
5.

02
95

.4
7 
±

 5
.0

0
0.

13
3

0.
01

6
0.

27
6

0.
87

5
0.

01
1

0.
00

3
0.

82
1

C
/D

 ra
tio

0.
34

5 
±

 0
.1

0
0.

57
 ±

 0
.1

4
0.

48
 ±

 0
.1

3
0.

56
 ±

 0
.1

4
0.

47
 ±

 0
.1

2
 <

 0
.0

01
0.

00
8

 <
 0

.0
01

0.
00

3
0.

00
7

0.
39

8
0.

60
5

VF
 (M

D
)

-
-

-
-1

.5
3 
±

 3
.7

6
0.

09
 ±

 0
.2

3
-

-
-

-
0.

08
9

-
-

C
M

T 
(u

m
)

24
7.

35
 ±

 1
4.

50
24

5.
12

 ±
 1

5.
48

24
5.

35
 ±

 1
5.

77
24

9.
35

 ±
 2

8.
01

24
4.

12
 ±

 1
5.

09
0.

89
6

0.
85

3
0.

67
1

0.
70

4
0.

40
2

0.
50

8
0.

22
0

O
PP

 (m
m

H
g)

50
.9

3 
±

 5
.2

2
33

.2
2 
±

 9
.5

4
48

.7
9 
±

 6
.6

9
50

.7
4 
±

 4
.4

1
50

.3
6 
±

 4
.9

7
 <

 0
.0

01
 <

 0
.0

01
 <

 0
.0

01
0.

40
1

0.
10

2
 <

 0
.0

01
0.

07
2



Page 5 of 12Guo et al. BMC Ophthalmology          (2022) 22:339 	

field was also tested, then mydriasis, and finally OCT and 
OCTA examinations were performed.

Statistical analysis
IBM SPSS (SPSS, Chicago, IL, USA) statistical software 
version 26.0 was used for all statistical analyses. Continu-
ous variables are presented as the mean ± standard devia-
tion. Independent sample t-tests were used to assess the 
systemic parameters of PSS patients and healthy subjects. 
Paired t-tests were performed to determine the ocular 
parameters of PSS-affected eyes and fellow eyes. One-
way ANOVA was performed to determine the ocular 
parameters of all three groups. Categorical variables are 
expressed as percentages. We performed linear regres-
sion analysis to analyse the correlation between macular 
vascular density and the dependent variables, including 
systemic and ocular parameters. Variables with p < 0.20 
in univariate analysis were included in the multivariate 
analysis. Regression analysis included both eyes of PSS 
patients in attacked period and in remission, separately. 
In all statistical analyses, a p value less than 0.05 was con-
sidered statistically significant.

Results
Of the 40 recruited PSS patients, 17 patients were ulti-
mately enrolled in this study. Twenty-three PSS patients 
were excluded from the analysis. Five patients had recent 
PSS episodes and their IOP has been under control with 
topical anti-glaucoma and/or anti-inflammation medica-
tions, which were discontinued less than 1 month prior. 
Three patients had hyper myopia; the refractive error was 
less than -6D. Two patients had systemic hypertension. 
Thirteen patients had low-quality OCTA images (includ-
ing SSI < 7, and or other artefacts).

Thirty-four eyes of 17 PSS patients and 17 eyes of 17 
age- and sex-matched healthy subjects were included 
in this study. The mean age was not significantly dif-
ferent between PSS patients ( 42.65 ± 11.22  years) and 
healthy controls (42.71 ± 10.50  years). Twelve sub-
jects (70.59%) were male, and 5 subjects (29.41%) were 
female in these two groups. Blood pressure was not 
significantly different between healthy subjects (SBP 
119.00 ± 11.60 mmHg, DBP 77.06 ± 8.46 mmHg) and PSS 
patients in acute episode (SBP 115.94 ± 11.42  mmHg, 
DBP 74.65 ± 6.09  mmHg (p > 0.05). Blood pressure was 
also not significantly different between PSS patients 
in episode and in their intermittent period (SBP 
118.14 ± 8.91 mmHg, DBP 75.41 ± 5.17 mmHg) (p > 0.05). 
The duration of PSS was 21.71 ± 13.36 months. The num-
ber of acute episodes in PSS patients was 3.7 ± 2.91.

Table 1 shows the basic ocular parameters. In 17 PSS 
patients, eleven (64.71%) were affected in the right eye, 
and 6 (35.29%) were affected in the left eye. One eye in 

17 age- and sex-matched normal subjects was included 
as a control. In episode, no significant differences were 
found in BCVA, RE, AL, GCIPL, RNFL thickness or 
CMT between the control eyes, the PSS-affected eyes 
and the PSS fellow eyes in One-way ANOVA analy-
sis. The IOP and CCT in the normal subjects were less 
than those in PSS-affected eyes (p < 0.001 in IOP and 
p = 0.020 in CCT) and similar to those in the PSS fellow 
eyes (p > 0.05). The C/D ratio in normal subjects were 
less than those in PSS-affected eyes and in PSS fellow 
eyes (p < 0.001). IOP, CCT, C/D ratio, and OPP were 
higher in the PSS attacked eyes than those in the fel-
low eyes (p < 0.001 in IOP, p = 0.001 in CCT, p = 0.008 
in C/D, and p < 0.001 in OPP). RNFL thickness was 
thinner in the PSS attacked eyes than in the fellow eyes 
(p = 0.008). Other basic ocular parameters (BCVA, RE, 
AL, GCIPL, and CMT) were similar in both eyes in 
attacked period in PSS patients (P > 0.05).

In intermittent period, GCIPL, RNFL, and C/D ratio in 
PSS attacked eyes were less than those in the fellow eyes 
(p = 0.007 in GCIPL, P = 0.011 in RNFL, and p = 0.007 in 
C/D ratio). BCVA and OPP of PSS attacked eyes in inter-
mittent period were improved compared with those in 
acute period (p = 0.008 in BCVA and p < 0.001 in OPP). 
IOP, CCT, and RNFL were decreased in intermittent 
period than those in attacked period (p < 0.001 in IOP 
and in CCT, p = 0.003 in RNFL). No significant differ-
ences were found in all basic ocular parameters between 
attacked period and intermittent period in PSS fellow 
eyes (p > 0.05).

Macular VD parameters are shown in Table 2. In epi-
sode, the wiVD was lower in the PSS-affected eyes than 
in the fellow eyes (p = 0.004) and lower than in the con-
trol eyes of healthy subjects (p < 0.001). There was no sig-
nificant difference in wiVD between the PSS fellow eyes 
and the control eyes (p = 0.175). In segmental macular 
VD, except the central ring VD and outer temporal VD, 
segmental VD was lower in the PSS-affected eyes than 
in the fellow eyes (P < 0.05). All segmental VD was lower 
in the PSS eyes than in the control eyes (p < 0.05). Except 
for inner temporal VD (p = 0.015) and outer temporal 
VD (p = 0.017), segmental VD was similar in the PSS 
fellow eyes and in the control eyes (p > 0.05). There was 
no significant difference in SSI among the three groups 
(p = 0.167).

Except for outer nasal VD (p = 0.009), segmental VD 
was similar in intermittent period and in attacked period 
in the PSS affected eyes (p > 0.05). In intermittent period, 
except for central ring VD and outer nasal VD, segmental 
VD was lower in the PSS affected eyes than in the fellow 
eyes (p < 0.05). No significant differences were found in 
all segmental VD between attacked period and intermit-
tent period in PSS fellow eyes (p > 0.05).
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Macular PD parameters are shown in Table  3. In 
attacked period, the wiPD was lower in the PSS-
affected eyes than in the fellow eyes (p = 0.012) and it 
was also lower than in the control eyes of healthy sub-
jects (p < 0.001). There was no significant difference in 
wiPD between the PSS fellow eyes and the control eyes 
(p = 0.108). In segmental macular PD, except the cen-
tral ring PD, inner temporal PD, outer inferior PD, and 
outer temporal PD, segmental PD was lower in the PSS-
affected eyes than in the fellow eyes (P < 0.05). All seg-
mental PD was lower in the PSS-affected eyes than in 
the healthy control eyes (p < 0.05). Except for central ring 
PD (p = 0.043), inner temporal PD (p = 0.011), and outer 
temporal PD (p = 0.003), segmental PD was similar in the 
PSS fellow eyes and in the healthy control eyes (p > 0.05). 
Except for outer inferior PD (p = 0.046), segmental PD 
was similar in intermittent period and in attacked period 
in the PSS-affected eyes (p > 0.05).

In intermittent period, the wiPD was lower in the PSS-
affected eyes than in the fellow eyes (p = 0.003). Except 
for central ring PD, segmental PD was lower in the PSS 
affected eyes than in the fellow eyes (p < 0.05). No signifi-
cant differences were found in all segmental PD between 
in attacked period and in intermittent period in the PSS 
fellow eyes (p > 0.05).

In a univariate linear regression analysis, we found 
that age, sex, BCVA, IOP, CCT, and SSI were associated 
with macular wiVD and wiPD in PSS attacked period 
(Table  4). We included factors with p values less than 
0.20, which warrants additional motivation to conduct 
a multivariate linear regression analysis. In multivariate 
regression analysis, after age and sex controlling, IOP and 
SSI were associated with wiVD, and only SSI was asso-
ciated with wiPD in the PSS attacked period (p < 0.05) 
(Table 4).

In intermittent period, age, CCT, RNFL, C/D, VF, 
and SSI were associated with macular wiVD and wiPD 
(Table  5). However, in multivariate regression analysis, 
after age controlling, only CCT was associated with mac-
ular wiVD and wiPD (Table 5).

Discussion
In this perspective observational study, we investigated 
macular VD and PD in PSS patients and the correlation 
of ocular and demographic factors with macular VD and 
PD using OCTA. In episode, we observed decreased 
macular VD and PD in PSS-affected eyes compared 
with PSS fellow eyes and healthy control eyes. IOP and 
CCT were higher in PSS-affected eyes, and other ocular 
parameters, including logMAR BCVA, RE, AL, GCIPL, 
and CMT, were similar in all eyes of these three groups. 
In remission, though IOP was under controlled, macu-
lar VD and PD in PSS-affected eyes have not recovered. 

In PSS attacked period, regression analysis revealed that 
macular wiVD was associated with IOP and SSI. Macu-
lar wiPD was only associated with SSI. In intermittent 
period, macular wiVD and wiPD were associated with 
CCT.

The mechanism of macular microvascular changes in 
PSS is unclear. A previous study showed that human reti-
nal perfusion is autoregulated [19]. Elevated IOP results 
in decreased OPP and may impair retinal vessel autoreg-
ulation in glaucomatous pathologic processes. Similar to 
PSS, acute elevated IOP can occur in primary angle clo-
sure (PAC), although the mechanisms leading to elevated 
IOP are different in these two diseases. In PAC, decreased 
macular VD was found, but with no structural changes 
[12]. Another similar condition is acute IOP elevation 
after laser periphery iridectomy (LPI). Ma et  al. found 
that when the IOP increase was greater than 20 mmHg 
after LPI, macular VD and peripapillary VD decreased 
significantly [20]. A negative effect of elevated IOP on 
retinal microcirculation was also found in an animal 
model [21]. When IOP decreased after glaucoma surgery, 
a significant increase in VD in the lamina cribrosa and 
in the peripapillary retinal nerve fibre layer plexus capil-
lary density was found [22, 23]. Peripapillary and macular 
VD also significantly increased in individuals with high 
IOP after medical IOP reduction [24, 25]. These results 
implied that IOP elevation plays an essential role in reti-
nal microvascular changes in patients with glaucoma. 
Besides elevated IOP, RNFL thickness thinning and C/D 
enlarge occurred in PSS-affected eyes in episode and in 
remission. Consistent with these structure alterations, 
macular VD and PD reduced not only in attacked period, 
but also in remission in PSS-affected eyes.

This study found that thicker CCT was a predictor of 
deceased macular VD and PD in attacked period. It is 
easier to understand that acute elevated IOP in patients 
with PSS can result in corneal oedema. Unexpectedly, 
CCT was associated with macular VD and PD in inter-
mittent period. It is need more investigation to explain 
the results. SSI was significantly associated with macu-
lar VD and PD in univariate and multivariate analyses in 
PSS attacked period, which was consistent with previous 
results [26–28]. Attention should be given to the effect of 
SSI on OCTA measurements. For accurate data analyses, 
recommended SSI values should be obtained. Cirrus HD-
OCT recommends ≥ 6 (signal strength, 0 to 10), and even 
if SSI ≥ 7, increased peripapillary and macular microvas-
cular density will be obtained under better SSI [4, 29]. In 
our experience, we found it is very difficult to acquire 10 
of SSI in all subjects in Cirrus HD-OCT, even if several 
repeat scans performed and good cooperation of patients 
(such as no ocular motion and blink) when scanning. So, 
statistical analysis in SSI is very important before further 
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analysis in microvascular density. In this study, to reduce 
the impact of SSI, we only included eyes with SSIs greater 
than 7/10 based on statistical analysis. The SSIs among 
groups were not significantly different in present study. 
Corneal oedema is a common cause of lower SSI in PSS-
affected eyes. Some PSS eyes with severe corneal oedema 

were excluded from this study. This may be a limitation of 
using OCTA to investigate this disease at the acute stage.

In segmental macular vascular density, we observed 
no significant difference in central ring VD and central 
ring PD between the two eyes of PSS patients, but it was 
lower in the PSS-affected eyes than in the control eyes. 

Table 4  Association between macular microvascular density and the dependent variables in episode in the PSS patients

Bold values are p < 0.2 or statistically significant(p < 0.05)

OPP ocular perfusion pressure, BCVA best-corrected visual acuity, RE refractive error, IOP intraocular pressure, AL axial length, CCT​ central cornea thickness, GCIPI 
ganglion cell-inner plexiform layer thickness, RNFL retinal nerve fibre layer, C/D ratio cup/disc ratio, CMT central macular thickness, SSI signal strength index

Variables Macular VD Macular PD

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

Coefficient (95% CI) p Coefficient (95% CI) p Coefficient (95% CI) p Coefficient (95% CI) p

Age -0.075 (-0.156, 0.005) 0.067 -0.077 (-0.145, -0.008) 0.029 -0.002 (-0.004, 0.000) 0.050 -0.002 (-0.004,0.000) 0.032
Sex -1.787 (-3.715, 0.141) 0.068 -2.174 (-3.655, -0.692) 0.006 -0.049 (-0.101, 0.002) 0.061 -0.059 (-0.102,0.016) 0.009
OPP 0.051 (-0.030, 0.132) 0.212 0.001 (-0.001, 0.003) 0.342

BCVA -5.647 (-12.530, 1.236) 0.104 -5.140 (-11.141, 0.860) 0.090 -0.145 (-0.330, 0.040) 0.121 -0.129 (-0.303, 0.045) 0.140

RE 0.020 (-0.505, 0.545) 0.938 0.000 (-0.014, 0.014) 0.961

IOP -0.056 (-0.122, 0.009) 0.090 -0.059 (-0.113, -0.006) 0.031 -0.001 (-0.003, 0.001) 0.161 -0.001 (-0.003, 0.000) 0.080

AL 0.151 (-0.701, 1.004) 0.720 0.006 (-0.017, 0.029) 0.611

CCT​ -0.031 (-0.057, -0.005) 0.019 -0.016 (-0.039, 0.007) 0.170 -0.001 (-0.001, 0.000) 0.030 0.000 (-0.001, 0.000) 0.208

GCIPL -0.024 (-0.125, 0.076) 0.623 -0.001 (-0.004, 0.002) 0.412

RNFL -0.004 (-0.086, 0.078) 0.919 0.000 (-0.002, 0.002) 0.792

C/D -2.450 (-9.054, 4.154) 0.455 -0.050 (-0.228, 0.128) 0.571

CMT 0.012 (-0.049, 0.072) 0.703 0.000 (-0.001, 0.002) 0.658

SSI 1.489 (0.371, 2.607) 0.011 -2.174 (-3.655, -0.692) 0.006 0.035 (0.004, 0.066) 0.028 0.029 (0.003, 0.054) 0.028

Table 5  Association between macular microvascular density and the dependent variables in remission in the PSS patients

Bold values are p < 0.2 or statistically significant(p < 0.05)

OPP ocular perfusion pressure, BCVA best-corrected visual acuity, RE refractive error, IOP intraocular pressure, AL axial length, CCT​ central cornea thickness, GCIPI 
ganglion cell-inner plexiform layer thickness, RNFL retinal nerve fibre layer, C/D ratio cup/disc ratio, CMT central macular thickness, SSI signal strength index

Variables Macular VD Macular PD

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

Coefficient (95% CI) p Coefficient (95% CI) p Coefficient (95% CI) p Coefficient (95% CI) p

Age -0.088 (-0.172, -0.004) 0.041 -0.078 (-0.157,0.001) 0.053 -0.002 (-0.004, 0.000) 0.031 -0.002 (-0.004, 0.000) 0.038
Sex -0.008 (-2.162, 2.147) 0.994 0.002 (-0.052, 0.057) 0.933

OPP 0.002 (-0.004, 0.007) 0.518 0.002 ( -0.004, 0.007) 0.518

BCVA -6.045 (-16.004, 3.915) 0.225 -0.155 (-0.408, 0.097) 0.220

RE -0.114 (-0.641, 0.412) 0.661 -0.002 ( -0.016, 0.011) 0.748

IOP -0.023 (-0.527, 0.481) 0.926 0.001 (-0.012, 0.014) 0.904

AL 0.083 (-0.825, 0.991) 0.854 0.001 (-0.022, 0.024) 0.929

CCT​ -0.035 (-0.065, -0.005) 0.026 -0.040 (-0.068, -0.012) 0.007 -0.001 (-0.002, 0.000) 0.019 -0.001 (-0.002, 0.000) 0.006
GCIPL 0.072 (-0.070, 0.214) 0.312 0.002 (-0.002, 0.005) 0.346

RNFL 0.065 (-0.016, 0.146) 0.112 0.069 (-0.047, 0.186) 0.234 0.001 (-0.001, 0.003) 0.183 0.001 (-0.002, 0.004) 0.386

C/D -5.505 (-12.450, 1.440) 0.116 -1.738 (-8.658, 5.183) 0.611 -0.141 (-0.317, 0.035) 0.112 -0.048 (-0.219, 0.123) 0.571

VF 0.250 (-0.101, 0.601) 0.156 0.010 (-0.469, 0.489) 0.697 0.006 (-0.003, 0.015) 0.181 0.001 (-0.011,0.013) 0.882

CMT -0.014 (-0.058, 0.031) 0.533 0.000 (-0.002, 0.001) 0.373

SSI 1.226 (0.318, 2.353) 0.012 0.665 (-0.389, 1.719) 0.206 0.038 (0.013, 0.063) 0.005 0.020 (-0.006,0.046) 0.120
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A possible reason is that the foveal avascular zone (FAZ) 
is the main structure in this circle, and slight changes in 
microvascular density in the central ring may be difficult 
to find, which is supported by the finding that the FAZ 
was not affected by glaucoma in the Level study [30]. This 
finding is also consistent with previous studies, which 
confirmed that VD changed earlier in the parafoveal and 
perifoveal areas, especially in the perifoveal region [13, 
31]. Temple quadrant VD in the inner ring and outer ring 
was lower in PSS fellow eyes than in control eyes. This 
needs further investigation.

Most studies implied that age is an important factor 
associated with macular VD and PD [28, 32–36]. This was 
consistent with the results of this study. A previous study 
implied that a long axial length may predict lower retina 
VD [28]. This association was not found in this study. No 
hyper-myopic subjects were included in this study. Most 
of them had no refractive error, which may explain this 
condition. Previous studies showed that GCIPL thickness 
decreased in glaucomatous eyes and was associated with 
decreased macular VD [37]. In the present study, GCIPL 
thickness was not different among PSS-affected eyes, PSS 
fellow eyes, and control eyes. In remission, GCIPL thick-
ness was not different between PSS-affected eyes and PSS 
fellow eyes. No correlation was found between macu-
lar VD, macular PD and GCIPL thickness. This finding 
is consistent with the study conducted by Richter et al., 
who concluded that OCTA parameters had stronger 
associations with functional than structural measures of 
glaucoma [38]. RNFL and C/D ratio were not associated 
macular VD and PD in PSS acute stage. However, RNFL, 
C/D ratio and visual field were associated with macular 
VD and PD in PSS remission stage in univariate regres-
sion analysis. RNFL and C/D ratio appear to deteriorate 
after the episode in this study. Although multivariate 
regression analysis excluded the correlation between 
RNFL, C/D ratio, visual field, and macular VD and PD, 
due to the small sample size, these results needs careful 
interpretation. Further additional studies need to be per-
formed to investigate the correlates with macular VD and 
PD in PSS patients.

There are several limitations in this study. First, there 
was a small sample size in this study. PSS is a rela-
tively rare disease. We included patients according to 
strict inclusion and exclusion criteria. This resulted in 
the exclusion of 23 patients from the analysis. Corneal 
oedema is a leading cause of exclusion, which causes 
low image quality and low SSI. Therefore, selection 
bias may exist in this study. The third limitation is that 
the study just included healthy subjects and the same 
PSS patients in remission as control. It is better to 
include a glaucoma control group (non-PSS patients) 

with similar structure alteration (such as GCIPL thick-
ness and RNFL) and IOP and compare them with PSS 
patient. Forth, we measured the superficial layer of the 
VD and PD in the macula, and the deep layer of the VD 
and PD was not analysed in this study. Finally, we used 
commercial embedded software to calculate macular 
microvascular density in this study. It is better to inves-
tigate microvascular density with more than one algo-
rithm in the same OCTA device or in different OCTA 
devices. Studies with larger sample sizes and longi-
tudes, including macular superficial layer and deep 
layer vasculature measurement designs, and includ-
ing non-PSS glaucoma patients as control designs are 
needed in the future. Applying two or more algorithms 
or more OCTA devices at the same study can more 
accurately understand retinal vascular density changes.

In conclusion, this study first found that macular VD 
and PD decreased in patients with Posner-Schlossman 
syndrome. IOP and SSI were associated with wiVD, 
and only SSI was associated with wiPD in PSS attacked 
period. CCT was associated with macular wiVD and 
wiPD in intermittent period.
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