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Exfoliation syndrome (XFS) is an age-related 
systemic disease in which an anomalous extracellular 
material is synthesized and accumulates in intraocu-

lar tissues as well as non-ocular tissues.1 It is the most 
frequent detectable cause of secondary open angle 
glaucoma worldwide.2 Exfoliation glaucoma (XFG) 
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ABS TRACT Objective: To characterize the alterations in the vasculature 
of the retina and choroid in eyes with exfoliation glaucoma (XFG) with the 
enhanced depth imaging (EDI) modality of an optical coherence tomogra-
phy (OCT) and OCT angiography (OCTA). Material and Methods: In this 
cross-sectional observational study, the choroidal vascularity index (CVI) 
values were assessed with EDI OCT and macula vessel density (VD) in the 
superficial capillary plexus (SCP) values were assessed with OCTA com-
pared among 35 XFG cases (15 eyes with early stage and 20 eyes with mod-
erate to advanced stage) and 32 healthy controls, which were age and sex 
matched. Results: The eyes with XFG had significantly lower global (whole 
image) macula VDs compared with the control eyes (p<0.001). The eyes 
with moderate to advanced stage XFG had also lower mean CVI values 
compared with the control eyes (p=0.01). The mean CVI values of the XFG 
eyes had a moderate correlation with the visual field MD values (r=0.398, 
p=0.01), while choroidal thickness values of the XFG eyes did not demon-
strate such an association with the visual field MD values (r=0.035, p=0.84). 
Mean macula VD values in the SCP demonstrated a strong correlation with 
the visual field MD values (r=0.698, p<0.00001). Conclusion: The lower 
CVI and macula VD of XFG eyes compared with healthy controls and its 
significant correlation with the severity of glaucoma imply the role of reti-
nal and choroidal vascularity in XFG pathogenesis. 
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ÖZET Amaç: Bu çalışmanın amacı, eksfoliasyon glokomlu (EG) gözlerde 
retina ve koroid vaskülaritesindeki değişiklikleri, optik koherens tomografi 
(OKT) artırılmış derinlik görüntüleme (ADG) modu ve OKT anjiyografisi 
(OKTA) ile karakterize etmektir. Gereç ve Yöntemler: Bu kesitsel göz-
lemsel çalışmada, koroid vaskülarite indeksi (KVİ) ADG mod OKT ile ve 
makula yüzeyel kapiller pleksus (YKP) damar dansitesi (DD) OKTA ile de-
ğerlendirildi; EG vakaları (n=35, 15 erken evre göz ve 20 orta ileri evre göz) 
ile yaş-cinsiyet uyumlu sağlıklı kontrol grubu (n=32) arasında karşılaştı-
rıldı. Bulgular: EG’li gözlerde, kontrol grubuna göre daha düşük global 
makula DD değerleri saptandı (p<0,001). Ayrıca orta ileri evre EG’li göz-
lerde, kontrol grubuna göre daha düşük ortalama KVİ değerleri saptandı 
(p=0,01). EG’li gözlerin ortalama KVİ değeri, görme alanı ortalama sapma 
değeri ile orta derecede korelasyon gösterirken (r=0,398, p=0,01); ortalama 
koroid kalınlığı değeri, görme alanı ortalama sapma değeri ile anlamlı ko-
relasyon göstermedi (r=0,035, p=0,84). Makuladaki ortalama YKP DD de-
ğeri ise görme alanı ortalama sapma değeri ile güçlü bir korelasyon gösterdi 
(r=0,698, p<0,00001). Sonuç: Sağlıklı kontrollerle karşılaştırıldığında EG’li 
gözlerin düşük KVİ ve makula DD’sine sahip olması ve bunların glokomun 
şiddeti ile anlamlı derecede korele olması, EG patogenezinde retinal ve ko-
roidal vaskülaritenin rolüne işaret etmektedir. 
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is recognized for a more aggressive clinical course 
with more episodes of high pressure, wider intraocu-
lar pressure (IOP) fluctuations, poorer response to 
medical treatment than primary open angle glau-
coma (POAG).3,4 The more aggressive clinical 
course of XFG compared to POAG may be related 
to its relatively stronger association with vascular 
impairment.5 

The improvement in ocular imaging technolo-
gies has provided clinicians with new methods to 
evaluate the structural and vascular characteristics of 
the retina and choroid with greater detail. Optical co-
herence tomographic angiography (OCTA) is a new 
modality providing imaging of the microvasculature 
of the optic disc and retina.6 Also, the enhanced depth 
imaging (EDI) mode of the optical coherence to-
mography (OCT) has become a widely used method 
for imaging the choroid.7 Choroidal vascularity index 
(CVI) has also been introduced as a new method to 
assess choroidal vascular status.8 

Previous OCTA studies have shown the dimin-
ished microvasculature of the peripapillary region 
and the macula of eyes with XFG.9,10 The peripapil-
lary and macular choroidal alterations in POAG were 
also studied based on CVI in only a few previous re-
ports.11,12 However, none of these studies evaluated 
the association between the CVI and XFG.  

The macula is the retinal region with the high-
est concentration of retinal ganglion cells, hence the 
macula is a strategic region for assessment of glau-
comatous alterations.13,14 Since the present study is 
aimed at investigating the macular retinal and 
choroidal vasculature in eyes with XFG versus that 
of healthy controls and comparing the corre-  
lation between retinal and choroidal vascular pa-
rameters and severity of glaucomatous damage in 
XFG eyes. 

 MATERIAL AND METHODS 

STuDY PARTICIPANTS 
The OCT and OCTA images were obtained from 
glaucoma patients and healthy subjects who accepted 
to contribute the study. The study was approved by 
the Ankara Training and Research Hospital Institu-

tional Ethics Committee (date: December 30, 2020, 
number: E-20-414) and conducted in accordance with 
the ethical principles of the Declaration of Helsinki. 
A written informed consent was obtained from all the 
participants. 

A detailed anamnesis was obtained from all the 
participants and also a full ophthalmological exami-
nation and retinal nerve fiber layer (RNFL) analysis 
on OCT and visual field analysis (Humphrey Visual 
Field Analyzer, Carl Zeiss Meditec Inc., Dublin, CA, 
USA) were performed. Also, the central corneal 
thickness and axial length parameters (Lenstar LS 
900, Hagg-Streit AG, Koeniz, Switzerland) were 
evaluated. All EDI OCT and OCTA measurements 
were done by the same physician in the morning (be-
tween 9 and 12 am) to avoid diurnal fluctuations. 

The inclusion criteria for healthy subjects were 
a best corrected visual acuity of 20/30 or better, a 
spherical refractive error within +5 to -5 diopters (D), 
<3 D of astigmatism, normal clinical ocular findings 
with no evidence of retinal or optic nerve head 
pathologies, IOP of less than 21 mmHg, open irido-
corneal angles, intact RNFL, and normal visual field 
results.  

The inclusion criteria for XFG were defined as a 
glaucomatous optic nerve appearance with the pres-
ence of exfoliation material being noticeable on the 
anterior chamber structures, a gonioscopically open 
angle, glaucomatous RNFL thinning, and a glauco-
matous visual field defect or an abnormal glaucoma 
hemifield test result. The stage of glaucoma was clas-
sified as early [24-2 visual field mean deviation (MD) 
≥-6 dB] or moderate-to-advanced [24-2 visual field 
MD<-6 dB] in XFG eyes based on Hodapp-Parrish-
Anderson criteria. One eye of each subject was en-
rolled in the study. The involved eye was selected in 
unilateral cases and one eye was selected at random 
when both eyes were eligible. 

We eliminated the patients who had a previous 
ocular trauma or posterior segment intraocular sur-
gery, nonglaucomatous optic neuropathies, any reti-
nal disease that may affect macular thickness, 
systemic diseases such as diabetes mellitus or hyper-
tension.  
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EDI OCT IMAGE ACquISITION AND  
CVI ASSESSMENT 
All the participants underwent OCT imaging with the 
Spectralis OCT (Heidelberg Engineering, Heidel-
berg, Germany) using the EDI mode. After mydriasis 
was attained and the patient appropriately positioned, 
the EDI OCT scan of the foveal center was acquired.  

The choroidal thickness was calculated from 
retinal pigment epithelium to the outer border of the 
choroid at the subfoveal area using the calipers pro-
vided in the software. 

EDI OCT images were analyzed with the ImageJ 
software (Version 1.47, National Health Institute, 
Bethesda, MA) using the binarization protocol de-
scribed by Agrawal et al.8 After converting the image 
into 8 bit, the Niblack autolocal threshold tool was 
applied, which allows the demarcation of the 
choroidal stroma and its total vascular lumen (Figure 
1). The binarized image was then transformed to the 
RGB format, and luminal areas were highlighted with 
the color thresholding tool. The total choroidal, lu-
minal and stromal areas were then calculated within 
the central 1,500 µm. The fraction of the luminal area 
to the total choroidal area yielded the CVI. All the 
CVI analysis and measurements were performed sep-
arately by 2 blinded investigators. 

OCTA IMAGING 
OCTA images were acquired by the initial experi-
enced physician with the AngioVue Imaging System 
(Optovue XR Avanti, Optovue, 2017.1.0.151). The 
vessel density (VD) values of the macular region was 
obtained over a 6x6 mm region centered on the foveal 
avascular zone.  

In this study, the superficial VD values were 
measured over a 6x6 mm region centered on the 
foveal avascular zone (Figure 2). The foveal zone 
was designated to the central 1 mm circle, the 
parafoveal zone was designated to the second 3 mm 
circle, and the perifoveal zone was designated to the 
outermost 6 mm circle. The zones were also auto-
matically separated into 4 sectors of 90° each (supe-
rior, inferior, temporal, and nasal). The whole image 
(WI) macula VD (mVD) was measured in the entire 
6x6-mm image. The superficial capillary plexus 

(SCP) was made up of the capillaries between the 
inner limiting membrane and the posterior inner plex-
iform layer margin. OCTA scans with low quality 
were disregarded in the incidence of one or more of 
the listed conditions: inadequate signal strength 
index (less than 6 on a 10-point scale), incidence of 
blink artifacts, motion artifacts, media opacities in-
terfering with the vessel signals, or any segmenta-
tion errors. 

STATISTICAL ANALYSIS  
The SPSS software (SPSS for Windows Version 
20.0; SPSS Inc., Chicago, IL, USA) was used for 
analysis. Categorical variables were compared by 
means of the chi-squared test. One-way ANOVA was 
used for the analysis of the differences between the 
three groups in those with normal distribution and 
post hoc analysis was achieved with the Bonferroni 
test. The one-way ANOVA on ranks was used in 
those without normal distribution and post hoc analy-
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FIGURE 1: The enhanced depth imaging optical coherence tomography scan pas-
sing through the foveal center of each eye was selected. Total choroidal area, 
lumen area and stromal area were calculated in the central 1,500 µm. The image 
was converted to 8 bits and thresholding was applied. 

FIGURE 2: Macula vessel density map provided by the 6-mm angio retina scan.



sis was achieved with the Dune test. A p value <0.05 
was accepted as significant. Correlations between the 
vascular parameters and the visual field MD values 
were evaluated using Pearson correlation analyses in 
XFG patients. 

The power of the study was 0.8 based on a sam-
ple size of more than 14 eyes in each group and the 
significance level of 0.05. 

 RESuLTS 
Thirty-five eyes with XFG [15 eyes with early stage 
and 20 eyes with moderate to advanced stage (10 
eyes with moderate stage and 10 eyes with advanced 
stage)], and 32 control eyes were evaluated in this 
study. There was no difference in terms of sex, age 
axial length and central corneal thickness values be-
tween the groups (p>0.05 for all). The XFG eyes 
were under treatment with topical hypotensive drops. 
The IOPs of the XFG group and the control group 
were similar (p=0.45). Table 1 outlines the clinical 
features of the participants.  

Table 2 demonstrates the retinal and choroidal 
vascular parameters of the groups in detail. Eyes 
with XFG (both early and moderate to advanced 
stage eyes) had significantly lower global (WI) 
mVDs in the SCP (p<0.001). The mVDs of the 4 
sectors are also shown in Table 2 in detail. The 
moderate to advanced stage XFG eyes had also 
markedly lower CVI values compared to the con-
trol eyes (p=0.01). The XFG eyes also had lower 
mean subfoveal choroidal thickness compared to 
the healthy eyes, but the difference was not signif-
icant (p=0.28) (Table 2). 

The WI mVD values demonstrated a strong 
correlation with visual field MD values in the XFG 
group (r=0.698, p<0.00001). The CVI values 
demonstrated only a moderate correlation with  
visual field MD values in the XFG group (r=0.398, 
p=0.01). In addition, the CT values did not de-  
monstrate any correlation with visual field  
MD values in the same group (r=0.035, p=0.84) 
(Figure 3) (Table 3). 
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Controls Early stage XFG Moderate to advanced stage XFG p value 
Number of eyes 32 15 20  
Gender (F/M) 13/19 7/8 8/12 0.90* 
Age (years) 63.93±6.65 62.66±8.06 64.65±7.57 0.72** 
Axial length (mm) 23.20±0.94 23.29±0.99 23.54±1.04 0.6*** 
Central corneal thickness (µm) 549±34 540±25 534±30 0.31** 
IOP (mmHg) 15.5±2.0 15.6±2.7 14.5±2.7 0.45*** 
Mean deviation (dB) -0.32 -2.57 -14.70

TABLE 1:  Clinical and demographic data of the groups.

Statistical significance was calculated with the chi-square test*, the one-way ANOVA** and the one-way ANOVA on ranks test***; Data are presented as mean±standard deviation;  
XFG: Exfoliation glaucoma; F/M: Female/male; IOP: Intraocular pressure.

Controls Early stage XFG Moderate to advanced stage XFG p value Post hoc 
Whole image mVD 50.53±3.04 46.65±4.01 36.89±5.01 <0.001 1>2>3 
Temporal mVD 47.18±3.92 43.70±4.40 34.96±4.94 <0.001 1>2>3 
Superior mVD 50.52±3.20 48.13±4.54 37.77±5.84 <0.001 1=2>3 
Nasal mVD 55.18±3.38 52.11±3.94 40.19±7.30 <0.001 1=2>3 
Inferior mVD 49.59±4.06 47.36±5.67 36.47±6.47 <0.001 1=2>3 
Choroidal thickness 273.65±71.74 265.42±75.06 236.07±74.37 0.28 1>3 
Choroidal vascularity index 0.693±0.029 0.686±0.038 0.663±0.034 0.01 1=2

TABLE 2:  Choroidal and retinal vascular parameters of the study groups.

Statistical significance was calculated with the one-way ANOVA test; Data are presented as mean±standard deviation; XFG: Exfoliation glaucoma; mVD: Macula vessel density.



 DISCuSSION 
Many studies have stated that vascular factors and re-
duced ocular blood flow are related with the patho-
genesis of glaucoma.15-18 There are also several studies 
connected with both ocular and choroidal blood flow in 
XFS.19-21 In the present study, we aimed at improving 
understanding of the potential function of the choroidal 
and retinal vascular alterations in XFG pathogenesis. 
Hence, in the present study, we compared both the VDs 
in the SCP and subfoveal CVI of XFG eyes with age 
matched healthy control eyes.  

XFG group had diminished mVDs in the SCP 
compared to age matched healthy controls. A signif-
icant decrease in the mean VD in the SCP of XFG 
eyes points toward a prominent role of retinal vascu-
lar regression in XFG. Since the SCP is responsible 
for the nutrition of the inner retina including the gan-
glion cell bodies.22,23 

The studies evaluating the OCTA changes in 
macular region of XFG eyes are limited, and these 
studies have not reached a common conclusion. Al-
though a previous study detected similar mVDs be-
tween POAG and XFG eyes, other important studies 
reported a lesser mVD in XFG eyes than that of 

POAG.9,10,24 To the best of our knowledge, the CVI of 
XFG eyes has not been evaluated before. We could 
not include a POAG group in the present study hence 
we could not evaluate the comparison of POAG and 
XFG eyes. Instead, we simultaneously evaluated the 
OCTA parameters and CVI in XFG eyes. 

The presentation of EDI OCT has aided non-in-
vasive, quantitative and detailed evaluation of the 
choroid.25 Choroidal thickness has been the first sur-
rogate marker for choroidal structural changes on 
OCT. However, recent meta-analysis did not find a 
significant difference in the choroidal thickness be-
tween open angle glaucoma patients and controls.26 
It may be due to the insufficiency of the choroidal 
thickness evaluation in differentiating the alterations 
between its vascular and stromal components. Hence, 
more recent studies have concentrated on evaluating 
the vascular and stromal components of the choroid 
separately.27,28 CVI assessment involves an image bi-
narization technique to calculate the relative vascu-
lar component of the choroid.29  

A previous study has reported a lower subfoveal 
CVI in open angle glaucoma eyes compared to 
healthy eyes.11 A far as we know, the importance of 
CVI has not been studied in eyes with XFG. In the 
current study, we demonstrated lower subfoveal CVI 
values in moderate to advanced stage XFG eyes com-
pared to age matched healthy control eyes. However, 
subfoveal choroidal thickness values did not differ 
among XFG and control eyes, suggesting the lack of 
any relationship between the choroidal thickness and 
XFG. CVI might be more sensitive in representing 
the vascular impairment in XFG pathogenesis as it 
specifically analyses the vascular component. 
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Correlation coefficient p value 
Whole image mVD 0.698 <0.00001 
Choroidal vascularity index 0.398 0.01 
Choroidal thickness 0.035 0.84

TABLE 3:  Correlation between vascular parameters  
of the macular area and visual field mean deviation  

values in XFG eyes.

XFG: Exfoliation glaucoma; mVD: Macula vessel density.

FIGURE 3: Scatter plots illustrating the linear correlation between mVD, CVI, CT and visual field MD in eyes with exfoliation glaucoma. mVD: Macula vessel density;  
MD: Mean deviation; CVI: Choroidal vascularity index; CT: Choroidal thickness. 



Furthermore, in the present study, both the mVD 
in the SCP and subfoveal CVI had significant corre-
lations with corresponding visual field MD values, 
and hence with the disease severity in the XFG eyes, 
which supports not only diagnostic but also prognos-
tic value of retinal and choroidal vascularity status. 
On the other hand, the choroidal thickness values did 
not demonstrate any correlation with the visual field 
MD values in the same group. 

The stronger correlation of the mVD in the SCP 
(r=0.698) with the glaucoma severity compared to 
subfoveal CVI (r=0.398) may indicate relatively 
more importance of the retinal SCP VD compared to 
choroid in XFG pathogenesis.  

As the role of the choroid in the pathogenesis of 
glaucomatous optic neuropathy is not clear, it is es-
sential to study in greater depth with the advanced 
imaging technology to understand the real role of the 
choroid in glaucoma pathogenesis.26 

The major strength of the present study was the 
strict matching of the groups for axial length, sex, 
age, IOP, and central corneal thickness. Age, axial 
length, central corneal thickness are significantly as-
sociated with changes in the choroidal thickness in 
glaucoma eyes.30  

The present study is not without limitations. Its 
cross-sectional design, which precluded the longitu-
dinal follow-up of glaucoma patients and analysis of 
disease progression, may be considered as the major 
limitation. In addition, although not validated yet, dif-
ferent IOP-lowering drops may have different effects 
on the retinal and choroidal vascularity. Another lim-
itation of this study is that the number of patients was 
relatively small, as was the number in each subgroup, 
suggesting the need to confirm our findings in larger 
numbers of patients. We also could not evaluate the 
moderate and advanced stages separately as the 
groups are limited to only 10 eyes each. Moreover, 

POAG patients were not included, which avoided the 
capability to differentiate changes due to glaucoma 
versus exfoliation. 

 CONCLuSION 
Our study demonstrated a lower mean mVD and sub-
foveal CVI values in eyes with XFG versus that of 
healthy subjects. The results support the role of reti-
nal and choroidal vascular insufficiency in the patho-
genesis of XFG. The stronger correlation of SCP 
density with visual field MD (disease severity) com-
pared to subfoveal CVI may emphasize the relatively 
more significant role of SCP compared to the choroid 
in XFG pathogenesis. 
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