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Abstract

Background
To investigate the choroidal vascularity alterations of macula and peripapillary area in eyes with
unilateral Fuchs uveitis (FU).

Methods
This study included 18 eyes with unilateral FU and 18 healthy fellow eyes. The choroidal vascularity
index (CVI) was analyzed and the results were compared between eyes with FU and healthy fellow eyes
(control group).

Results
The mean subfoveal (s)CVI (%) value was signi�cantly lower in the FU group as compared with the
control group:60.92 ± 2.63 vs. 64.01 ± 2.54,respectively (p = 0.001). The mean pCVI (%) values of superior
and inferior quadrant were signi�cantly lower in the Fuchs group as compared with the control
group:58.87 ± 4.48 vs. 61.98 ± 3.32, respectively, in superior quadrant (p = 0.035); and 57.29 ± 6.65 vs.
61.44 ± 4.76, respectively, in inferior quadrant (p = 0.014).

Conclusion
The chronic continuous in�ammation in FU causes in�ammation-mediated thinning in the vascular area
of the subfoveal and peripapillary choroid. The changes in the peripapillary region are remarkable in
terms of the further glaucoma risk of these eyes.

Introduction
Fuchs’ uveitis (FU) is mainly unilateral, low-grade, chronic in�ammation of anterior uvea. The prevalence
of FU in Turkey has been reported as 6.3%. (1, 2, 3). Although the etiology of FU remains controversial, it
has been suggested that immunological and infectious causes may be responsible for triggering
in�ammation in recent studies. (3,5−8)

The chronic in�ammation causes characteristic anterior segment �ndings, including diffusely spread
medium and/or stellate keratic precipitates (KPs), diffuse atrophy of iris stroma with or without
heterochromia, low-grade anterior chamber reaction (9, 10). In addition, this in�ammation affects posterior
segment and; in eyes with FU the most frequent �ndings of posterior involvement are cells- opacities in
the anterior vitreous (11–13).
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In eyes with FU, the in�uence of choroideal layer has been demonstrated by imaging methods in recent
studies (14–17). Studies by using enhanced deep imaging-optic cohorence tomography (edi-OCT) have
been reported decreased choroidal thickness (CT) in eyes with FU (15–17). Edi-OCT has informed choroidal
thickness but, it has no a true standard regarding the vascular supply because of including the stromal
and interstitial layer of choroid. The choroidal vascularity index (CVI) is a new choroidal imaging method
�rst described by Agrawal et al. (18). CVI provides more reliable data of the choroidal vascular status.
Using image binarization method, the choroid can be divided into a stromal area (SA) and a luminal area
(LA), and CVI has been determined as the ratio of LA to total choroidal area. Researches on macula CVI
have been increasing signi�cantly especially in various retinal and choroidal diseases (19–21). Also, FU
has an increased risk of glaucoma as well as being an uveal in�ammation of intermediate area (3, 22).
Hence, assessment of the peripapillary choroidal vascularity should be evaluated well. Based on these
ideas, the present study analyezed submacular and peripapillary CVI, LA and SA in eyes with unilateral FU
and the measurements were compared healthy fellow eyes.

Material And Methods
A total of 18 eyes of 18 patients with unilateral FU and 18 fellow eyes of these patients were included in
this study. The study protocol was approved by the Ethics Committee of the hospital and was conducted
in accordance with the Declaration of Helsinki.

The diagnostic criteria of FU included diffusely and/or local spread medium and/or stellate KPs, chronic
low-grade anterior chamber reaction, iris atrophy accompanied or not with heterochromia, varying
degrees of vitreous cell and �bril-like vitreous appearance (13).

Patients with at least 6 months follow-up were included in this study. Exclusion criteria were as followed;

Patients with any associated retinal/ optic disc pathology,

eyes with spherical equivalent beyond − 3 and + 1.5 D,

patients with the history of systemic disease

use of systemic medication,

≥ 2 anterior uveitis attacks in the last 6 months,

eyes with corneal abnormality ,

history of topical treatment in the last 6 months

Eyes with more than 1 anterior chamber reaction

All patients underwent a complete ophthalmic examination in both eyes. Intraocular pressure was
measured Goldman Applanation tonometry. All eyes were phakic. The assesment of glaucoma were
performed using peripapillary RNFL analyses and perimetry and none of the eyes had glaucoma.

Choroidal imaging analysis
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For CT and CVI measurements, choroidal imaging was performed using the EDI mode of the SD-OCT
(Heidelberg Engineering GmbH, Heidelberg, Germany), which automatically reinverts the inverted images
and enables EDI-OCT images to be captured directly. Subfoveal CT (sCT) was measured manually from
the outer border of the retinal pigment epithelium to the inner scleral border at the subfoveal region with
EDI mode. Peripapillary CT (pCT) in the superior, nasal, inferior and temporal quadrants was measured at
1 mm from the optic disc border by using a vertical EDI–OCT scan and a horizontal EDI–OCT scan
closest to the optic nerve head center.

For CVI measurements, EDI–OCT images were binarized using the method described by Agrawal et al.
Niblack’s auto-local threshold tool was applied to allow demarcation of the luminal area and the stromal
area. The images were then converted back to an RGB (red, green, blue) image, and the luminal area was
determined using the colour threshold tool. CVI, was de�ned as the proportion of luminal area (LA) to the
total choroidal area (TCA). The submacular CVI (sCVI) was measured in central 1500 µm on horizontal
EDI–OCT scan. The peripapillary CVI (pCVI) was measured separately in superior, temporal, nasal, and
inferior quadrants (1000 µm width on four sides from the optic disc border) of the peripapillary area on
horizontal and vertical EDI–OCT scans. The stromal area (SA) was calculated by subtracting the LA from
the TCA. The ratio of the LA to the SA (LSR) was calculated. All measurements were performed for both
eyes by two investigators (BSG, YOE) who were blind to subject’s disease status. To minimize the effect
of circadian variation on choroidal circulation, all CT measurements were performed at the same time of
day (between 10 a.m. and 12 p.m.).

Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics 17.0 software (IBM Corporation, Armonk,
NY, USA). The variables are presented as mean ± standard deviation and minimum-maximum. Paired t-
test was used to test the differences between both eyes of patients with FU. Relationship between
continuous variables was analyzed with the Spearman correlation test. A p-value of less than 0.05 was
considered as statistically signi�cant.

Results
The study included 18 patients with unilateral FU including 11 males (61.1%) and 7 females (38.9%). The
mean age was 34.8 ± 9.6. There were diffusely spread keratic precipitates (KPs)[ (medium sized in 15
(83.3%) eyes, stellate-medium in 3 (16.7%) eyes )]. In all eyes, there was vitreous in�ltration of varying
grades (100%). All eyes had phakic.

The mean sCT was thinner in the Fuchs group as compared with the control group: 372.41 ± 90.01 µm vs.
381.41 ± 80.91 µm, however the difference was not signi�cant (p 0.05) (Table 1).
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Table 1
Subfoveal choroidal thickness and peripapillary choroidal thickness values in study

groups.

  Fuchs group

mean ± SD (min-max)

Control group

mean ± SD (min-max)

p value1

sCT (µm) 372.41 ± 90.01 (201–549) 381.41 ± 80.91 (232–512) > 0.05

pCT (µm)  

Temporal 239.79 ± 83.54 (85–384) 266.64 ± 80.35 (179–458) > 0.05

Nasal 238.14 ± 100.11 (124–467) 262.64 ± 118.10 (153–560) > 0.05

Superior 235.36 ± 90.34 (70–446) 246.29 ± 90.10 (139–452) > 0.05

Inferior 189.57 ± 67.36 (105–334) 215.71 ± 104.20 (98–459) > 0.05

sCT: Subfoveal choroidal thickness, pCT: Peripapillary choroidal thickness,

1paired t test

The mean pCT was thinner in the Fuchs group in all quadrants as compared with the control group:
239.79 ± 83.54 µm vs. 266.64 ± 80.35 µm, respectively, in temporal quadrant; 238.14 ± 100.11 µm vs.
262.64 ± 118.10 µm, respectively, in nasal quadrant; 235.36 ± 90.34 µm vs. 246.29 ± 90.10 µm,
respectively, in superior quadrant; and 189.57 ± 67.36 µm vs. 215.71 ± 104.20 µm, respectively, in inferior
quadrant. However the difference between groups for all quadrants were not signi�cant (p 0.05, all
values) (Table 1).

Table 2 shows the choroidal vascular measurements of the submacular and peripapillary regions among
the groups (Figs. 1 and 2). The mean sCVI (%) value was signi�cantly lower in the Fuchs group as
compared with the control group: 60.92 ± 2.63 vs. 64.01 ± 2.54, respectively (p = 0.001). The mean sLA
was signi�cantly lower in FU group (0.90 ± 0.14 (0.62–1.14) than the control group (0.97 ± 0.15 (0.63–
1.17) (p:0.045) and also, there was statistically signi�cance in respect of LSR between the FU (1.57 ± 0.17
) and control groups (1.79 ± 0.20) (p:0.001).
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Table 2
Choroidal vascular values of the subfoveal and peripapillary areas

  Fuchs group

mean ± SD (min-max)

Control group

mean ± SD (min-max)

p value1

Subfoveal

TCA (mm2) 1.49 ± 0.25 (1.10-2.00) 1.52 ± 0.23 (1.05–1.89) 0.501

LA (mm2) 0.90 ± 0.14 (0.62–1.14) 0.97 ± 0.15 (0.63–1.17) 0.045

SA (mm2) 0.58 ± 0.12 (0.42–0.85) 0.55 ± 0.09 (0.39–0.74) 0.194

CVI (%) 60.92 ± 2.63 (56.80–66.40) 64.01 ± 2.54 (60.39–68.69) 0.001

LSR 1.57 ± 0.17 (1.31–1.97) 1.79 ± 0.20 (1.52–2.19) 0.001

Peripapillary  

Temporal

TCA (mm2) 0.60 ± 0.16 (0.26–0.88) 0.62 ± 0.13 (0.45–0.92) 0.696

LA (mm2) 0.36 ± 0.11 (0.13–0.56) 0.39 ± 0.10 (0.27–0.62) 0.465

SA (mm2) 0.23 ± 0.06 (0.12–0.32) 0.23 ± 0.03 (0.18–0.30) 0.731

CVI (%) 59.90 ± 3.59 (52.87–65.61) 62.21 ± 3.52 (55.32–68.38) 0.075

LSR 1.51 ± 0.22 (1.12–1.90) 1.66 ± 0.25 (1.23–2.16) 0.071

Nasal  

TCA (mm2) 0.54 ± 0.15 (0.31–0.84) 0.58 ± 0.11 (0.41–0.78) 0.440

LA (mm2) 0.32 ± 0.11 (0.13–0.55) 0.34 ± 0.09 (0.22–0.55) 0.433

SA (mm2) 0.22 ± 0.03 (0.16–0.29) 0.23 ± 0.03 (0.16–0.28) 0.578

CVI (%) 57.33 ± 6.04 (44.23–66.03) 59.29 ± 5.61 (51.63–70.19) 0.295

LSR 1.38 ± 0.33 (0.79–1.94) 1.50 ± 0.39 (1.06–2.35) 0.306

Superior

TCA (mm2) 0.58 ± 0.11 (0.36–0.74) 0.62 ± 0.12 (0.38–0.80) 0.088

LA (mm2) 0.34 ± 0.07 (0.20–0.47) 0.38 ± 0.08 (0.23–0.54) 0.026

SA (mm2) 0.23 ± 0.04 (0.16–0.32) 0.23 ± 0.04 (0.15–0.30) 0.737

CVI (%) 58.87 ± 4.48 (50.67–66.92) 61.98 ± 3.32 (58.26–68.88) 0.035
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  Fuchs group

mean ± SD (min-max)

Control group

mean ± SD (min-max)

p value1

LSR 1.45 ± 0.27 (1.02–2.02) 1.65 ± 0.25 (1.39–2.21) 0.058

Inferior

TCA (mm2) 0.49 ± 0.12 (0.29–0.78) 0.52 ± 0.15 (0.36–0.86) 0.379

LA (mm2) 0.28 ± 0.10 (0.14–0.49) 0.32 ± 0.10 (0.20–0.55) 0.130

SA (mm2) 0.20 ± 0.04 (0.13–0.29) 0.19 ± 0.05 (0.14–0.30) 0.476

CVI (%) 57.29 ± 6.65 (49.32–70.82) 61.44 ± 4.76 (53.72–68.65) 0.014

LSR 1.40 ± 0.44 (0.97–2.42) 1.63 ± 0.32 (1.16–2.19) 0.043

TCA: total choroidal area, LA: luminal area, SA:stromal area, CVI: choroidal vascularity index, LSR:
luminal-to-stromal ratio

1paired t test

The mean pCVI (%) values were lower in the Fuchs group in all quadrants as compared with the control
group, however the difference between the superior and inferior quadrants were signi�cant: 59.90 ± 3.59
vs. 62.21 ± 3.52, respectively, in temporal quadrant (p 0.05); 57.33 ± 6.04 vs. 59.29 ± 5.61, respectively, in
nasal quadrant (p 0.05); 58.87 ± 4.48 vs. 61.98 ± 3.32, respectively, in superior quadrant (p = 0.035); and
57.29 ± 6.65 vs. 61.44 ± 4.76, respectively, in inferior quadrant (p = 0.014).

There was a statistically signi�cant difference between FU groups (0.34 ± 0.07) and control groups (0.38 
± 0.08) in terms of superior quadrant LA (p:0.026). In addition, LSR of superior quadrant was lower in the
FU group (1.45 ± 0.27) than the control group (1.65 ± 0.25) but the differenence was not signi�cant
(p:0.058).

The correlation analysis revealed a moderate and positive signi�cant correlation between superior and
inferior pCVI (r = 0.574, p = 0.032). In addition, in majority of patients with decrease in subfoveal CVI,
concomitant increase was noted in inferior pCVI (97%) and superior pCVI (100%), while a decrease in
inferior pCVI was observed in 92.3% of the patients with decrease in superior pCVI.

Discussion
The many pathogenetic mechanisms of FU have been proposed that an unknown process is responsible
for abnormal destruction of uveal pigment and low-grade in�ammation. Iris stromal atrophy and
in�ltration of the iris stroma and ciliary body with lymphocytes and plasma cells have been shown as the
most characteristic pathologic features in eyes with FU (23, 24). Until now, anterior segment �ndings of FU
have been extensively described. In our previous article, we have reported the posterior segment �ndings
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in detail and especially all eyes had vitreous involvement (13). The regarding posterior segment
involvement have been explained with different theories, such as the direct spread of in�ammation and a
secondary response to in�ammation in eyes with FU (24, 25).

The choroid has an unique anatomical structure that can easily be affected by systemic or ocular
in�ammatory conditions and many researchs concerning choroidal imaging methods have been reported
in ocular diseases (26). Edi-OCT is the most used of these analyzes and measures the entire choroidal
thickness both stromally and interstitially. CVI is a new choroidal imaging method and it provides better
detailed data of the choroidal vascular status (18, 19).

The effects of acute and chronic in�ammation on CT differ in uveitic disease (27–33). The measurement
of CT has been increased in acute exacerbations of the disease in cases such as VKH, SO, posterior
scleritis tha the choroidal layer is primarily involved (33). However, the variation of CT has been reported in
uveitic disease without direct choroidal involvement (27–32).

Past studies on HLA-B27-associated uveitis cases without primary posterior segment involvement
revealed an increase in CT in the acute phase of the disease and also a regression in the thickness by
treatment. Increased CT observed in acute ocular in�ammatory conditions including anterior uveitis
and/or posterior uveitis involvement and without direct involvement of the choroidal layer, is explained by
the in�ammation-dependent increased choroidal blood �ow or immunological mechanisms (30–32). The
reduction in CT in chronic uveitic cases has been suggested to be associated with ischemic changes
related to chronicity, �brosis and decreased vascular component (33, 34).

In FU, chronic-persistent in�ammation in the intermediate area and several mediators released in the
environment are considered to eventually interact with the choroidal layer. The decline in CT was
demonstrated in the studies on FU and CT (15–17). In a study on CT measurement from foveal and
extrafoveal areas in 9 eyes with unilateral FU and the unaffected eyes, authors reported a signi�cant
diffuse choroidal thinning in eyes with FU (15). In a study by Balcı et al. the CT was reported to be
signi�cantly lower in 15 eyes with unilateral FU as compared with the 20 control eyes and the unaffected
eyes of patients (16). In a study by Kardeş et al., the measurements of CT by edi-OCT in 25 eyes of
patients with unilateral involvement were compared with the their healthy eyes and the CT was found to
be signi�cantly decreased in eyes with FU when compared to healthy eyes (296.47 ± 32.29 µm vs. 324.47 
± 26.73 µm; p = 0.001) along with a signi�cant thinning in ganglion cell layer in eyes with FU (17). In these
studies, thinning in the choroidal layer has been suggested to be linked to the presence of a chronic
in�ammation or the consideration of choroidal layer as a continuation of the uveal tissue (15–17). Our
�ndings also revealed a reduction in CT in the submacular area in eyes with FU when compared to the
unaffected eyes. There was also no difference between the eyes’ retinal thickness measurements in the
macular area. This seems to indicate that persistent in�ammation in FU eyes affects the choroidal layer
due to its anatomical structure, whereas the retinal layers are not affected.
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Vascular effects in the choroidal layer are evaluated indirectly in CVI measurements. CVI can potentially
serve as a marker for disease activity and can be used to monitor remission during the follow-up of
uveitic diseases. A decrease in CVI and an increase in CT were found in a study conducted on eyes with
recurrent anterior uveitis in patients with VKH, in which the choroidal stroma was directly involved, and it
was reported that the decrease in CVI was due to active in�ltration of the choroidal stroma and
compression on the vascular area due to edema (35). In an acute anterior uveitis exacerbation in HLA-B27-
associated uveitic eyes without direct choroidal involvement, an increase in both choroidal thickness and
CVI measurement due to choroidal vascular enlargement has been reported (32).

There is no direct choroidal involvement in FU. However, decrease in CT was reported in both the
aforementioned studies (15–17) as well as in the current study. In our study, the submacular CVI
measurements revealed a signi�cant decrease in eyes with FU compared to healthy eyes.

In addition, a signi�cant decrease was observed in the submacular area in the evaluation of LA and
luminal-stromal area ratio. This reveals that the continuous chronic in�ammation in FU causes
in�ammation-mediated thinning in the vascular area of the choroid, even if it is not a uveitic disease
directly involving the choroidal structures. This thinning in CVI and LA measurements has emerged as an
evidence of affected choroidal layer. In the literature review, in a study in which submacular CVI was
measured, it was found that the submacular CVI measurement of 39 unilateral FU eyes was lower than
the other healthy eyes and the control group (24 eyes) (36).

The choroid layer has a very different anatomical structure from the retinal layer. The choroidal
circulation is a high-�ow system with a structure allowing the transfer of metabolites and mediators in
the choroid and surrounding tissues. Therefore, as shown in the aforementioned studies in anterior
uveitic eyes and also in our study, it is easily affected by in�ammatory processes even those not directly
affecting itself. These results show us clearly that this involvement in the choroidal layer is secondary to
in�ammation rather than uveal tissue continuity or direct involvement.

FU causes signi�cant thinning in the iris stroma layer and ciliary body (23, 24). However, no change in the
SA measurements in the choroidal layer found in our study may be another explanation for the choroid
not being affected directly. Also, the reduction in the thickness of the choroidal layer in our study occurs
as a result of the decrease in the LA. LA involvement is thought to be due to changes in the vascular
system resulting from chronic in�ammation.

Another region evaluated in our study is the peripapillary area. The peripapillary area has a unique
importance in terms of both anatomical and functional structure. The blood supply to the surface nerve
�ber layer and prelaminar part of the optic nerve head is provided by the peripapillary choroidal vessels
(37). The analysis of peripapillary choroidal vascularity may be helpful in evaluating optic nerve head
blood �ow. Glaucoma and ocular hypertension have been reported as common complications of FU in
several reports (38, 39). It is known that FU has an increased risk of glaucoma for reasons abnormal angle
vessels, obstruction of trabecular meshwork by in�ammatory cells, disruption of uveal and
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juxtacanalicular structures, trabecular meshwork �brosis and steroid-induced ocular hypertension (22, 40).
Therefore vascular support of peripapillary area should be well evaluated in these eyes. In a study
conducted with optic coherence tomography angiography, it was found that radial peripapillary capillary
vessel density was lower in 34 unilateral FU eyes without glaucomatous signs compared to other healthy
eyes and control eyes (37 eyes), and chronic in�ammation in FU has led to impaired blood �ow at the
optic nerve head (39).. Our study is the �rst investigation evaluating the choroidal vascular changes in the
peripapillary region in eyes with FU. In the peripapillary CVI evaluation, a decrease was detected in all
quadrants compared to the healthy eye, but the decrease in superior and inferior were signi�cant. In
addition, the decrease in LA in all quadrants in the peripapillary area is remarkable and the decrease in
the superior area was found to be statistically signi�cant. This shows us that peripapillary choroidal
blood �ow is impaired in these eyes without glaucoma, and the sensitivity of these eyes to glaucoma
may be even more pronounced. The observation of changes and involvement of CVI and LA detected in
the macular area also in the peripapillary area demonstrates the likelihood of effects via similar
mechanisms. In addition, the correlation between the decrease in submacular CVI and the peripapillary
sup-inf CVI demonstrates that the parallel and prominent involvement of several areas of the choroid
layer anatomically. Albeit not statistically signi�cant, peripapillary CT �ndings in our study indicate
thinning in all quadrants compared to healthy eyes. This may indicate the likelihood of being affected
secondary to chronic in�ammation as in the submacular CT.

The only disadvantage of our study is the lack of data on duration of uveitis history in patients. Since the
eyes with FU are usually asymptomatic, it is di�cult to determine this course precisely.

As a result, a structurally and functionally healthy choroidal vasculature plays an essential role in the
normal function of the macula and peripapillary region. In eyes with FU, especially the changes in the
peripapillary area are remarkable as these eyes are prone to glaucoma. The examination of choroidal
vascular changes offers a novel explanation to the pathological involvement of choroid in FU.
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Figure 1

Illustration of submacular choroidal vascularity index measurement using ImageJ software
(https://imagej.net). The horizontal EDI-OCT scans were binarized using Niblack method of autolocal
threshold tool. A 1500 µm width line was drawn and circumscribed choroidal sectors (yellow arrows)
were selected using the polygon tool. The upper border was marked at the retinal pigment epithelium and
the lower border area was below the line of light pixels at the choroid scleral junction.
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Figure 2

Illustration of peripapillary choroidal vascularity index measurement using ImageJ software
(https://imagej.net) a) horizontal (temporal and nasal) and b) vertical (superior and inferior)peripapillary
EDI-OCT scans centered on the optic nerve head.The scans were binarized using Niblack method of
autolocal threshold tool. A 1000 µm width line was drawnand circumscribed peripapillary choroidal
sectors (yellow arrows) were selected using the polygon tool. The upper border was marked at the retinal
pigment epithelium and the lower border area was below the line of light pixels at the choroid scleral
junction.


