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RESEARCH ARTICLE

Retinal Microvascular Alterations in Patients with Quiescent Posterior and Panuveitis 
Using Optical Coherence Tomography Angiography
Aniruddha Agarwal, MD a, Sushil Bhatt, B. Optomb, Shreya Keshari, MBBSb, Roel J. Erckens, MD, PhDc, 
Tos T. J. M. Berendschot, PhDc, C. A. B. Webers, MD, PhDc, Rupesh Agrawal, FRCSb, Reema Bansal, MSb, 
and Vishali Gupta, MSb

aEye Institute, Cleveland Clinic Abu Dhabi, Abu Dhabi, United Arab Emirates (UAE); bAdvanced Eye Center, Post Graduate Institute of Medical 
Education and Research, Chandigarh, India; cMaastricht University Medical Centre, University Eye Clinic Maastricht, Maastricht, The Netherlands.

ABSTRACT
Purpose: To quantify retinochoroidal vascular parameters using swept-source optical coherence tomo-
graphy (SS-OCTA) in quiescent posterior and panuveitis.
Methods: In this cross-sectional study, subjects with quiescent posterior and panuveitis underwent 
fundus imaging using SS-OCTA (DRI Triton®, Topcon, Japan). The metrics calculated were fractal dimen-
sion (FD), foveal avascular zone (FAZ) area, retinal vascularity index (capillary density index-CDI), and 
choroidal vascularity index (CVI).
Results: We included 38 eyes of 20 patients, 9 males aged 34.7 ± 10.5 years, 30 eyes of 30 age- and gender- 
matched healthy controls, 10 females aged 33.6 ± 8.5 years. Comparing patients with controls, we found 
a lower FD (p < .001), larger FAZ (p > .001), lower CDI in the superficial plexus (p = .019), and lower CVI 
(p < .001). We also found lower retinal and choroidal and thicknesses (p < .001 and p = .025, respectively).
Conclusions: Patients with quiescent posterior and panuveitis have a significantly reduced retinochor-
oidal vascular density compared to healthy control subjects.
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Uveitis is a sight-threatening inflammation of the uveal tissue 
that can be caused by infectious or noninfectious etiologies. If 
not treated in a timely manner, uveitis can lead to blinding 
complications. Uveitis is estimated to be the cause of 5–10% of 
blindness or visual impairment worldwide.1,2 Up to 20% of 
legal blindness in developed countries can be attributed to 
complications of uveitis.3,4

The frequency of visual loss (20/60 or worse) with posterior 
uveitis can be as high as 50%.3,5–8 Among patients with panu-
veitis, the frequency of visual loss is even 60%.3,5,6 Patients with 
posterior or panuveitis can develop complications such as 
(chronic) macular edema, epiretinal membrane, vasculitis, 
papillitis, retinal artery or vein occlusions, retinal necrosis, 
tractional retinal detachment, choroidal or retinal neovascular-
ization, vitreous hemorrhage, glaucoma and cataract leading to 
further visual loss.4

Diagnostic tools such as fluorescein angiography (FA), 
indocyanine green angiography (ICGA), optical coherence 
tomography (OCT), and OCT angiography (OCTA) play an 
important role in the diagnosis and in the management of the 
uveitis.9–12 The latter is a revolutionary dye-less imaging 
method that provides three-dimensional mapping of the ret-
inal and choroidal microvasculature.10,13 Thus, it can be used 
to detect non-invasively microvascular changes in retina and 
choroid with high resolution.

Recently, OCTA has been used to analyze the retinal and 
choroidal vascular densities of various uveitic entities such as 
HLA B-27 associated anterior uveitis, ocular tuberculosis, 

panuveitis, Vogt-Koyanagi-Harada’s disease, intermediate uvei-
tis, and optic neuritis.10 These studies showed that even in 
uveitic entities where the primary anatomical location of uveitis 
is not the retinal vasculature (i.e. retinal vasculitis), microcircu-
lation can still be affected in patients with posterior/panuveitis. 
These alterations have been identified by calculation of para-
meters such as retinal vascular densities and foveal avascular 
zone (FAZ) areas. Whether these retinal vascular changes have 
a long-term bearing on the health of the outer retina, including 
the retinal photoreceptors and retinal pigment epithelium 
(RPE), is yet to be demonstrated. Similarly, these retinal vascu-
lar alterations have not been correlated with visual acuity in 
subjects with quiescent ocular inflammatory disease.

In this study, we enrolled subjects with posterior/panuveitis 
and analyzed their retinochoroidal vasculature using OCTA in 
the quiescent stage of the disease and correlated their best- 
corrected visual acuity with parameters quantifying the retinal 
microvasculature. In addition, we compared these parameters 
between patients with quiescent uveitis and normal control 
subjects to understand the pathological mechanisms behind 
suboptimal visual recovery.

Materials and methods

Study design and study subjects

This was a cross-sectional study conducted at the Retina 
Services of the Advanced Eye Center, PGI Chandigarh between 

CONTACT Aniruddha Agarwal, MD aniruddha9@gmail.com Eye Institute, 7th floor, Cleveland Clinic Abu Dhabi (CCAD), Al Maryah Island, Abu Dhabi, P.O. Box 
112412, United Arab Emirates (UAE)
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February 2020 and January 2021. Our study included consecu-
tive patients of quiescent posterior or panuveitis. The subjects 
were screened by two uveitis experts to determine whether the 
disease is active or quiescent. Quiescence was determined 
clinically with the absence of anterior cells/flare, vitreous cells 
and haze, active choroiditis or retinitis, and no sign of inflam-
mation on optic nerve confirmed using FA and ICGA.

Cooperative subjects above 18 years of age willing to undergo 
OCTA were included. In addition, normal healthy subjects with 
no known ocular disease (“controls”) were included for compar-
ison. The exclusion criteria were hazy media due to various 
reasons such as cataract, small pupil (less than 3 mm) and 
vitreous hemorrhage, and poor image quality on OCTA (signal 
strength <40) or with artifacts such as motion artifact. Subjects 
with macular pathologies such as scars, healed scars/pigmented 
retinochoroidal lesions, subfoveal fibrous bands, epiretinal 
membranes, or traction bands were also excluded. Patients 
with macular edema were excluded from the study because the 
presence of cystoid spaces can affect the retinal parameters on 
OCTA. History of retinal surgery such as pars plana vitrectomy 
(PPV) or any intravitreal injections including anti-vascular 
endothelial growth factor (anti-VEGF) therapies and dexa-
methasone implant were also criteria for exclusion. Patients 
having other concomitant disease that can affect retinal vascu-
lature such as optic neuropathy, glaucoma, and age-related 
macular degeneration were also excluded. Cataract surgery per-
formed 3 months prior was not an exclusion criterium. Written 
informed consent was obtained from all individual participants 
included in the study by the principles of the Declaration of 
Helsinki.

Study procedures

We enrolled 20 patients with quiescent posterior/panuveitis and 
30 healthy control subjects with no known ocular or systemic 
disease (only right eye of control subjects were selected for analy-
sis). All enrolled patients underwent a comprehensive ophthalmic 
examination including best-corrected visual acuity by Snellen’s 
chart (converted to LogMAR units for statistical analysis). Pupils 
of the patients were dilated by instilling tropicamide 0.8%. 
Following ancillary investigations were performed: swept-source 
optical coherence tomography (SS-OCT) (DRI Triton, Topcon®, 
Tokyo, Japan), color fundus, and autofluorescence. FA and ICGA 
were completed to determine the activity of the disease as deemed 
by the treating uveitis specialist (Heidelberg, Spectralis®, and 
Germany). Optical coherence tomography angiography (OCTA) 
was performed on swept-source imaging device (DRI Triton, 
Topcon). The individual was instructed to fixate with the eye 
being measured on the internal fixation target within view of the 
examiner real-time. OCTA using 3 × 3 mm view centered on the 
fovea was done. The acquisition of the scans was repeated and the 
images with the least amount of motion artifacts were selected for 
further analysis.

Measurement of fractal dimension

Fractal analysis is a geometric measure of the complexity of the 
retinal microvascular tissue and is measured as a ratio using 
mathematical models. This novel analysis has been applied to 

several retinal conditions recently to study the complexity of 
retinal vascular branching, and its rarefication in vascular disor-
ders such as diabetic retinopathy and retinal detachment.14–16 The 
OCTA images were processed using ImageJ for fractal analysis. 
The OCTA images (en face) of the superficial and deep retinal 
plexuses were binarized, and then skeletonized was processed on 
public domain software ImageJ (National Institutes of Health, 
Bethesda, USA). Fractal analysis was performed using Fractalyse® 
(ThéMa, Besançon Cedex, France) using the box-counting 
method. The fractal analysis generates the fractal dimension 
(FD) of the image. A higher FD indicates a denser and complex 
vascular branching pattern.

Measurement of FAZ

The FAZ area in the SCP was measured by two independent 
experienced investigators. The graders were manually outline 
the inner border of foveal capillaries in the FAZ using Image 
software (http://imagej.nih.gov/ij/; provided in the public 
domain by the National Institutes of Health, Bethesda, MD, 
USA). The total number of pixels in the FAZ area was converted 
into millimeters squared for analysis. Eyes with significant image 
distortion or artifact preventing accurate measurement of the 
FAZ and vessel density were excluded.

Measurement of retinal vascularity index

The retinal vascularity index was calculated in terms of capillary 
density index (CDI). A custom semi-automated algorithm was 
used to quantify the CDI and fractal dimension (FD). For CDI, 
all OCTA images were analyzed using ImageJ. Using the Niblack 
thresholding and ROI manager, all images were binarized and 
converted to 8-bits with a mean pixel value and standard devia-
tion of all points. Subsequently, the luminal area (LA) was high-
lighted within the circle with the brightness set to 0 and 254. The 
LA in the individual quadrant was merged with the correspond-
ing threshold area and measured using ROI manager. The CDI 
of each quadrant was defined as the percentage of capillary 
density over the stromal area at the macula region. The global 
CDI is the average CDI value within the 1.5 mm-radius circle 
centering on the subfoveal region. CDI was obtained at both, 
superficial and deep retinal capillary plexus.

Measurement of choroid vascularity index (CVI)

In order to measure the CVI, image binarization was per-
formed for all the scans obtained from patients. A subfoveal 
scan (central B-scan) was chosen for image analyses. The 
image was processed on public domain software Image 
J (National Institutes of Health, Bethesda, USA). Polygon 
tool will be used to select the total choroid area (TCA), 
which will be added in the region of interest (ROI) manager. 
After converting the image into 8 bit, Niblack auto local 
thresholding will be subsequently applied which gives the 
mean pixel value with standard deviation for all the points. 
On the SS-OCT scans, the luminal Area (LA) was high-
lighted by applying the color threshold. In order to deter-
mine the LA within the selected polygon, both the areas in 
ROI manager were selected and merged by ‘AND’ operation 
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of Image J. The composite third area was added to the to the 
ROI manager. The first area represents the total of the 
choroid selected, and the third composite area is the vascu-
lar or LA. Stromal area (SA), which corresponds to the 
interstitial or stromal component of the choroid, was 
obtained by calculating the differences between TCA and 
LA. The CVI was calculated by dividing LA by TCA.

Statistical methods

Statistical analysis was done using SPSS© version 26 for Windows 
(IBM Inc., Chicago, IL, USA). Data entries were performed in pre- 
designed forms and excel sheets using Microsoft Excel 2016© for 
Windows. All data were checked for their normality using 
Kolmogorov–Smirnov test within each group. The data are pre-
sented as mean ± standard deviation. For categorical data, their 
association with the groups were analyzed using the Fisher’s exact 
test. The various retinochoroidal parameters were checked 
between the two groups using Students t test. The differences 
between the retinochoroidal metrics between the control subjects 
and patients with quiescent uveitis were ascertained by analysis of 
variance (ANOVA) test. Pearson’s correlation test was used to 
determine the effect of signal strength and age on the retinochor-
oidal parameters such as FD and central macular thickness. 
Regression analysis was performed to determine the effect of 
these factors on the retinochoroidal parameters. A p value <.05 
was considered statistically significant.

Results

Demographic profile

This study included 38 eyes of 20 patients with quiescent 
posterior or panuveitis, 9 males and 11 females with a mean 
age of 34.7 ± 10.5 years. Mean follow-up was 13.3 ± 6.1 months. 
The diagnosis of the included subjects was as follows: healed 
choroiditis (17 eyes), idiopathic retinal vasculitis (6 eyes), 
Behcet’s disease (4 eyes), sarcoid-related panuveitis (2 eyes), 
tubercular choroidal granuloma (2 eyes), and undifferentiated 
panuveitis (7 eyes). We also included 30 eyes of 30 normal 
control subjects (10 females, 20 males) with no known ocular 
disease, with a mean age of 33.6 ± 8.5 years. There was no 
difference between healthy control subjects and patients in age 
(p = .71) and gender distribution (p = .15).

Table 1 shows the study parameters for patients and con-
trols for both OD and OS. We found no differences between 
the left and right eye in patients. Visual acuity in patients was 
significantly lower compared to control subjects (0.49 ± 0.59 
versus 0.070 ± 0.075, p = .006). We found no differences in 
signal strength between patients and controls.

Retinal parameters

The fractal dimension in patients was significantly lower com-
pared to control subjects, both in the superficial and deep plexus 
(1.34 ± 0.09 versus 1.51 ± 0.06 and 1.49 ± 0.12 versus 1.65 ± 0.05 
respectively, both p < .001) (Figure 1). The foveal avascular zone 
area, determined in the superficial plexus only, was significantly 
higher than the control subjects (0.34 ± 0.08 mm2 versus 
0.26 ± 0.08 mm2, p < .001). The capillary density index (see 
Figure 2) was significantly lower in patients compared to control 
subjects for the superficial (66.1 ± 5.4% versus 69.7 ± 4.0%, 
p = .019). We found no difference for the deep capillary plexus. 
The central macular thickness was significantly lower in patients 
compared to control subjects (199 ± 37 µm versus 255 ± 31 µm, 
p < .001).

Choroidal parameters

The choroidal thickness in the foveal center in patients was 
significantly lower compared to control subjects (252 ± 22 µm 
versus 279 ± 58 µm, p = .025). The CVI, calculated by obtain-
ing the TCA and LA, was significantly lower in patients 
compared to control subjects (62.5 ± 3.1% versus to 
66.1 ± 1.7%, p < .001).

The signal strength showed a significant correlation with the 
fractal dimension both for the superficial and deep plexus 
(r = 0.38, p = .001 and r = 0.25, p = .043, respectively). 
Further, age showed a significant correlation with central 
macular thickness (r = −0.31, p = .11). We therefore applied 
regression analysis to account for these covariates. However, 
this did not change the trends described above.

We further looked for possible differences between the 
different types of uveitis, including both left and right eyes 
because of the low number per type. Significant differences 
were present for FD of the deep plexus (p = .047) and CVI 
(p = .049), visualized in Figures 3 and 4. For clarity we included 

Table 1. Retinal and choroidal vascular density indices and other metrics among patients and control subjects.

Patients Controls
P* valueOD OS OD

VA 0.49 ± 0.59 0.44 ± 0.70 0.070 ± 0.075 0.006
Signal strength 7.68 ± 0.67 7.68 ± 0.75 8.03 ± 0.89 0.15
FD Superficial 1.34 ± 0.09 1.34 ± 0.07 1.51 ± 0.06 <0.001

Deep 1.49 ± 0.12 1.49 ± 0.10 1.65 ± 0.05 <0.001
CDI (%) Superficial 66.1 ± 5.4 66.1 ± 4.0 69.7 ± 4.0 0.019

Deep 39.5 ± 6.9 38.1 ± 7.2 42.8 ± 8.2 0.15
FAZ (mm2) 0.34 ± 0.08 0.34 ± 0.08 0.26 ± 0.07 <0.001
CMT (µm) 199 ± 37 203 ± 38 255 ± 31 <0.001
CT (µm) 252 ± 22 251 ± 25 279 ± 58 0.025
CVI 62.5 ± 3.1 62.9 ± 3.6 66.1 ± 1.7 <0.001

VA: Visual Acuity; FD: fractal dimension; CDI: capillary density index; FAZ: foveal avascular zone; CMT: central macular thickness; CT: 
choroidal thickness; CVI: choroidal vascularity index; * T-test comparing the OD values between patients and controls.
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Figure 1. The figure shows calculation of the fractal dimension (FD) of the superficial retinal capillary plexus on en face optical coherence tomography (OCTA) in 
a normal subject (a-c) and a patient with posterior uveitis (healed) (d-f). The superficial plexus of the normal subject on OCTA is shown in A. The postprocessing 
skeletonized image is shown in B. The FD graph is depicted in C. The superficial plexus of the patient on OCTA is shown in D. Corresponding skeletonized image and FD 
graph is shown in E and F.

Figure 2. Figure shows an example of calculation of retinal vascular density (capillary density index) of the superficial and deep capillary plexus in a healthy control (a-d) 
and a patient with quiescent panuveitis (e-h). The superficial plexus (a) of the healthy control has been processed (b), and the deep plexus is represented by C (pre- 
processed) and D (post-processing). Similarly, the superficial plexus of the patient is shown in E and F (pre- and post-processing), and deep plexus is shown in G and 
H (pre- and post-processing). The larger area of foveal avascular zone and reduced capillary density can be appreciated in the patient versus healthy control.
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the controls in these figures as well. For all other parameters we 
found no differences between the uveitis types (all p > .10).

Discussion

Posterior uveitis and panuveitis result in involvement of the 
retinochoroidal structures with a propensity to cause structural 
damage and permanent vision loss. Therefore, the primary aim in 
the management of uveitis includes rapid control of inflamma-
tion, maintenance of quiescence and prevention of future recur-
rences. Active episodes of uveitis are known to result in alterations 
involving the photoreceptors, retinal pigment epithelium and the 

choriocapillaris causing severe visual loss. In addition, complica-
tions of uveitis such as choroidal neovascularization or cystoid 
macular edema can also result in visual loss even after the primary 
uveitic entity has achieved quiescence.

The current study was performed with a goal to understand the 
retinochoroidal vascular alterations in posterior uveitis/panuveitis 
once quiescence is achieved and in the absence of complications 
such as choroidal neovascularization or cystoid macular edema. 
The rationale behind this study was to ascertain the cause of 
suboptimal visual gain in subjects with healed disease – especially 
those without macular alterations such as subretinal fibrosis or 
scarring. We included only those eyes which did not have scars, 

Figure 3. Analysis of the mean fractal dimension (FD) among the different types of uveitis showed that there were significant differences between the control subjects 
who had a higher FD in the deep plexus compared to patients with uveitis, specifically Behcet’s disease which showed the lowest FD.

Figure 4. The analysis of mean choroidal vascularity index (CVI) among different types of uveitis revealed a higher CVI among control subjects compared to patients with 
healed uveitis. Subjects with tuberculosis and retinal vasculitis had the lowest CVI.

OCULAR IMMUNOLOGY AND INFLAMMATION 5



pigmented retinochoroidal lesions, subfoveal fibrous bands, epir-
etinal membranes, or traction bands, to prevent any confounding 
factors. In addition, none of the eyes in our series underwent 
previous vitreoretinal surgeries.

We observed reduced retinal and choroidal vascular indices 
in subjects with quiescent uveitis compared to healthy control 
subjects. Table 1 highlights the significant differences in the 
CDI (both superficial and deep retinal plexuses) and CVI 
(choriocapillaris) when comparing patients with control sub-
jects. It shows a reduction in the density of retinal vasculature 
in both the superficial and deep retinal layers in posterior 
uveitis/panuveitis. This reduction was accompanied by 
a decrease in both central macular thickness and subfoveal 
choroidal thickness values in patients compared to control 
subjects. Thus, we hypothesize that when patients with active 
posterior/panuveitis achieve quiescence, there is a reduction in 
retinal and choroidal thickness values, which is accompanied 
by reduction in vascular density as a secondary phenomenon 
due to the ensuing atrophy.

A reduction in retinal and choroidal thickness in patients 
with healed/quiescent disease has been previously demonstrated 
by other authors. Karampelas et al.17 showed a reduction in 
choroidal thickness among patients with idiopathic panuveitis 
compared to healthy control subjects. The authors also mea-
sured Haller’s layer thickness values and found them to be 
reduced as well.17 Similar reduction in outer retinal layer thick-
nesses has been observed in patients with healed long-standing 
birdshot chorioretinopathy by Symes et al.18 Bittencourt et al. 
evaluated eyes with myopia, noninfectious uveitis, and healthy 
controls for choroidal thickness values. They observed thinner 
choroid in patients with uveitis compared to both healthy con-
trols and myopic patients.19 Thus, our study agrees with pre-
viously reported literature in this regard.

We also observed reduced FD values in both superficial and 
deep retinal plexus among patients with uveitis compared to 
healthy control subjects. FD values is a geometric measure of 
the complexity of vascular branching pattern. Thus, a lower FD 
value indicates less complex branching and therefore, rarefica-
tion of blood vessels. On the other hand, higher FD values 
indicates complex and multiple branching patterns. We found 
lower FD values in the subjects with uveitis compared to 
normal controls. This indicates the relative rarefication of 
blood vessels in both superficial and deep retinal plexuses in 
patients with quiescent uveitis. Thus, apart from reduction in 
density, analysis of FD demonstrates that there is an actual 
reduction in vessel branching within the retinal layers. 
Previously, a reduced FD has been shown by Agarwal et al.14 

in subjects with rhegmatogenous retinal detachment following 
surgical intervention compared to control subjects. The 
authors concluded that a reduction in FD values correlated 
well with the suboptimal visual gain experienced by the 
patients in the postoperative period.14 We observed a similar 
finding in our index study.

We also observed that the FAZ area was enlarged in patients 
with quiescent posterior uveitis and panuveitis compared to 
control subjects. The FAZ area has been shown to correlate 
well with disease severity and vascular compromise in condi-
tions such as diabetes mellitus.20–22 In the context of quiescent 

uveitis, the decrease (Is not increase?) in FAZ area compared to 
control population is a novel finding of our study. This further 
supports the hypothesis that ensuing inflammation leads to 
long-term damage to retinal microvasculature leading to per-
manent reduction in parafoveal vascularity.

For studying the retinochoroidal vasculature in different 
types of uveitis, we performed an ANOVA and observed sig-
nificant differences in the mean FD in the deep plexus (0.047) 
and CVI (0.049). A lower mean FD in the deep plexus was 
observed in the patients with Behcet’s disease, sarcoidosis, and 
healed choroiditis. These entities affect the choriocapillaris 
perfusion and deep choroidal perfusion adversely, explaining 
the lower values of mean FD in these eyes. Similarly, the CVI 
was significantly lower in eyes with deep choroidal pathologies 
such as tuberculosis, sarcoidosis, and healed choroiditis.

It is likely that retinitis lesions can have more impact on the 
retinal vasculature, and choroiditis lesions can affect the chor-
oidal vasculature more. In our study, we included patients with 
healed choroiditis (17 eyes), idiopathic retinal vasculitis (6 
eyes), Behcet’s disease (4 eyes), sarcoid-related panuveitis (2 
eyes), tubercular choroidal granuloma (2 eyes), and undiffer-
entiated panuveitis (7 eyes). It is likely that all the diseases 
(except retinal vasculitis) may have an impact on both retinal 
and choroidal vasculature. We did not include patients with 
necrotizing retinitis in our study, because the analysis of retinal 
vasculature on OCTA in these patients leads to segmentation 
errors and inaccurate vessel measurements. In the future, it 
may be beneficial to identify different subsets of uveitis patients 
based on the layers of the retinochoroid affected by the disease.

Our study has various limitations. Being a cross-sectional 
study, it did not evaluate long-term retinochoroidal changes as 
the disease evolved from an active to an inactive state. The study 
also has a modest sample size. However, we excluded several 
patients with retinal scars and fibrosis, a relatively common 
occurrence in posterior uveitis. The study also considered both 
eyes if the patient had bilateral disease, which is another limitation 
in the analysis.

In summary, our study reports significantly lower retino-
choroidal vascular parameters in patients with quiescent pos-
terior uveitis and panuveitis. Parameters such as FAZ area, FD, 
CDI, and CVI are useful as imaging biomarkers in assessing 
damage to the retinal and choroidal microvasculature.
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