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ABSTRACT

Introduction: Optical coherence tomography angiography (OCT-A) is a useful diagnostic tool
for assessing eyes’ health in patients with chronic diseases, such as diabetes, hypertension, Par-
kinson’s disease and chronic kidney disease (CKD). Aim: To detect changes in macular structure
and retinal vascular meshwork in the macular area and peripapillary in patients with chronic
kidney disease (CKD). Methods: This cross-sectional study included 80 eyes of patients with
CKD in stages 2, 3 or 4, who were followed-up in the Nephrology Clinic of University Clinical
Center Sarajevo. All patients were categorized according to the stage of CKD. All patients
were scanned by a high-speed 840-nm-wavelength spectral-domain optical coherence to-
mography instrument (RTVue XR Avanti; Optovue, Inc, Fremont, California, USA). Blood flow
was detected using a split-spectrum amplitude-decorrelation angiography algorithm. A fully
automated microstructural analysis of the foveal avascular zone (FAZ), FAZ perimeter, foveal
vessel density in a 300-um area around the FAZ (FD), nonflow area, flow index in superficial
and deep vascular plexus, choriocapillary flow, vascular density, radial peripapillary capillary
density was performed. Results: When comparing patients with CKD stage 2 and stage 3 there
were no statistically significant changes in microvascular parameters on OCT angiography,
as well as when comparing patients with CKD stage 3 and stage 4. But in the comparison
between patients with less developed CKD (stage 2) and terminal CKD (stage 4) there was a
significant difference between some microvascular parameters such as FAZ area, FAZ perim-
eter, choriocapillary flow. Conclusion: Many studies demonstrated that evaluation of the mi-
crovascular changes in different retinal layers using SS-OCTA may be considered as a key to
assessing the systemic perfusion status. Evaluation of retinal microvasculature may ease the
management and approach of patients with CKD, having in mind that the retinal and the kid-
ney vascular network are, concerning structure, development and the function, very similar.
Keywords: retinal angiopathy, microangiopathy, optical coherence tomography angiogra-
phy, chronic kidney disease.

1. INTRODUCTION

Optical coherence tomography angiography (OCT-A) is a useful diagnos-
tic tool for assessing eyes’ health in patients with chronic diseases, such as di-
abetes, hypertension, Parkinson’s disease and chronic kidney disease (CKD)
(1). CKD is a medical term for heterogeneous disorders of kidney structure
and function. Disease stages are assessed from the glomerular filtration rate
(GFR) and albuminuria, as well as clinical diagnosis (2). According to Guide-
line for the Evaluation and Management of CKD, five stages of disease are
classified as follows: Stage 1: Kidney damage with normal or increased GFR
(>90 mL/min/1.73 m?); Stage 2: Mild reduction in GFR (60-89 mL/min/1.73
m?); Stage 3a: Moderate reduction in GFR (45-59 mL/min/1.73 m?); Stage 3b:
Moderate reduction in GFR (30-44 mL/min/1.73 m?); Stage 4: Severe reduc-
tion in GFR (15-29 mL/min/1.73 m?); Stage 5: Kidney failure (GFR<15 mL/
min/1.73 m? or dialysis) (3).

Renal and retinal circulations have similar pathways of development,
anatomy, physiology and pathology (4). In diabetic patients without diabet-
ic retinopathy signs, changes in capillary network have been detected using
OCT-A (5). Several studies have reported the connection between retinopa-
thy (microaneurisms and retinal hemorrhages) and renal impairment, as well
as changes in the caliber of retinal vessels due to CKD (6, 7). It is possible to
examine the smallest vessels by OCT-A, which can detect patients with risk
for progressive kidney dysfunction (8).
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2. AIM

To detect changes of macular structure and retinal
vascular meshwork in the macular area and peripapil-
lary in patients with chronic kidney disease (CKD).

3. METHODS

This cross-sectional study included 95 eyes of 95 pa-
tients with CKD who were followed-up in the University
Clinical Center Sarajevo, Nephrology Clinic. All patients
were categorized according to the stage of CKD in stages
2, 3 or 4, due to glomerular filtration rate, albuminuria
and clinical diagnosis. CKD stage 2 counted 12 eyes in
total, of which 10 male and 2 female eyes, CKD stage 3
counted 48 eyes, of which 31 male and 17 female eyes,
CKD stage 4 counted 20 eyes, of which 14 male and 6
female eyes, as well as 15 healthy control eyes, of which
10 male and 5 female eyes. Approximate age of patients
in CKD stage 2 group was 66,5 years (62-74 years), of pa-
tients in CKD stage 3 group 67 years (62-71 years), of pa-
tients in CKD stage 4 group 70 years (67-76 years), and
70 years in the group of healthy controls (60-80 years).

All patients were scanned in Eye polyclinic ,Dr. Sefi¢*
by a high-speed 840-nm-wavelength spectral-domain
optical coherence tomography instrument (RTVue
XR Avanti; Optovue, Inc, Fremont, California, USA).
Blood flow was detected using a split-spectrum ampli-
tude-decorrelation angiography algorithm. A fully au-
tomated microstructural analysis of the foveal avascular
zone (FAZ), FAZ perimeter, foveal vessel density in a
300-pum area around the FAZ (FD), nonflow area, flow
index in superficial and deep vascular plexus, chorio-
capillary flow, macular vascular density, radial peripap-
illary capillary density was performed.

Inclusion criteria for the study were: male and female
older than 18, patients with diagnosed CKD in stages 2,
3 or 4, who were followed-up in the Nephrology Clinic
of University Clinical Center Sarajevo.

Exclusion criteria for the study were: younger than 18,
acute ocular pathology, patients with previous ocular
surgery, pregnancy, high myopia, amblyopia.

Statistical analysis

Results were analyzed using standard statistical meth-
ods, using the SPSS computer program for statistical
analysis (SPSS Statistical Package for Social Sciences)
version 13.0. Results are presented as the median and
interquartile range (25-75 percentile), as mean + SEM,
and a percentage value (%). To test the significance of the
difference in deviation from the normal distribution, the
Kolmogorov-Smirnov test was used. The results are an-
alyzed by appropriate non-parametric tests (Wilcoxon
and Friedman Tests). Values of p<0.05 are considered as
statistically significant, and values of p<0.001 as statisti-
cally highly significant.

4. RESULTS

FAZ area was signifficantly higher in patients with
CKD grade 4 (0.29 mm?[0.24-0.36]) compared to CKD
grade 2 patients (0.23 mm? [0.19-0.49]) (p=0.01). There
was no statistically significant difference in these param-
eters between other groups.
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Figure 1. Foveal avascular zone area in chronic kidney disease patients
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Figure 3. Choriocapillary flow area (3x3 mm) in chronic kidney disease
patients

higher in patients with chronic kidney disease grade
4 (55.9% + 1.37) compared to chronic kidney disease
grade 3 (52.4% + 0.57) (p=0.009), with no difference de-
tected between other groups.

While analyzing central foveal thickness (CFT), mac-
ular volume, foveal vessel density in a 300 um area
around the FAZ, flow index, the nonflow area around
FAZ, parafoveal vessel density (%) in temporal, superior,
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Figure 4. Retinal peripapillary capillary density — superior quadrant in
chronic kidney disease patients
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Figure 5. Retinal peripapillary capillary density — inferior quadrant in
chronic kidney disease patients

nasal and inferior quadrant between groups, there was
no statistically significant difference detected.

5. DISCUSSION

Changes in structure and function of microvascula-
ture are a well known long-term consequence of diabetic
disease and are usually present in the retina, as well as in
kidney and neural tissue. To follow the course of chronic
kidney disease, independently of what causes it, practi-
cians usually need invasive procedures, such as kidney
biopsy. As ophthalmologists, we have a useful tool such
as OCT-A that can promptly detect changes in the mi-
crovasculature of retina, which may reflect systemic cir-
culation and kidney function, among other things.

So far, only a small number of studies compared
OCT-A metrics such as FAZ, FAZ perimeter, FD, non-
flow area, flow index in superficial and deep vascular
plexus, choriocapillary flow, macular vascular density
and radial peripapillary capillary density in patients with
CKD between stages of the disease. In our study, in the
comparison between patients with less developed CKD
(stage 2) and terminal CKD (stage 4), there was a signifi-
cant difference between some microvascular parameters
such as the FAZ area, FAZ perimeter and choriocapillary
flow, as well as in radial peripapillary capillary density.

Several studies strongly showed the association of ret-
inal microvascular abnormalities and renal impairment,
as well as caliber changes related to CKD (9-13).
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In 2010 Sng C. et al. investigated the relationship be-
tween retinal vasculature measurements and chronic
kidney disease. They found that deviations from optimal
microvascular architecture may reflect kidney damage
(14).

Cheung et al. conducted a study in 2018. with 184
patients with diabetes and demonstrated that capillary
rarefaction in the retina is connected with coexisting
microcirculatory damage in the kidney. Their OCT-A
findings reflected previous histopathologic studies in
diabetic eyes of endothelium changes and capillary
dropout in retinal capillaries. These authors showed
that average and largest 10 intercapillary areas had a sig-
nificant association with glomerular filtration, and they
mentioned previous studies that demonstrated how oth-
er OCT-A metrics (FAZ, FAZ perimeter, vessel density)
were associated with diabetic retinopathy. In our study,
we demonstrated that the FAZ area, FAZ perimeter and
choriocapillary flow area were significantly changed
with disease progression (8).

In 2018 Yu Z. et al. reported about changes in retina
and choroid after hemodialysis in patients with end-
stage kidney disease, assessed using OCT-A, and found
that the retinal thickness and vascular density decreased
after hemodialysis. They showed that ocular perfusion
pressure after hemodyalisis was significantly lower, as
well as vascular density of outer retina (from 38.8 +5.5%
to 37.5 £ 3.4%; p<0.05) (15).

Ling Y. et al. conducted a study in 2019. where they
showed that patients in the CKD group had reduced
parafoveal vessel density (46.7 + 4.3%; p<0.001), com-
pared to healthy individuals (16).

In our study we did not found any statistically signifi-
cant difference in VD between patients in different CKD
stages.

Sabanayagam et al. (17) conducted a study on the
Asian population and found an association between
retinal arteriolar narrowing and decreased glomerular
filtration. They also mentioned how early retinal micro-
vascular caliber changes may predict the development
of many systemic conditions such as hypertension, car-
diovascular disease, diabetes and CKD.

In the opposite of our study, where we found no differ-
ence in FD between groups, Zhang Y. et al. showed that
vascular density in outer retina had significantly lower
values (p<0.05) in all patients with end-stage kidney dis-
ease after hemodyalisis (15).

In summary, we demonstrated that retinal microvas-
culature changes may reflect reductions in kidney func-
tion, such as peritubular capillary flow reduction and
ischemia. Also, in this study we showed that a nonin-
vasive way of observing and measuring retinal micro-
vasculature by OCT-A can reflect coexisting changes
and damages in kidney’s microcirculation, which can
be a good way to predict the course of the chronic kid-
ney disease, as well as its outcome, and to avoid invasive
diagnostic procedures such as kidney biopsy. We also
suggest that observations of retinal circulation may aid
in evaluating and estimating CKD risk in patients with
various systemic diseases.
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The limitation of this study is a small sample of pa-
tients, as well as different diagnostic locations, which led
to losing some patients and data.

If supported by future studies and researches, our
findings have the ability to help in kidney function eval-
uation in patients with retinal microvasculature chang-
es, as well as prompt and appropriate diagnosis and
treatment.

6. CONCLUSION

Many studies demonstrated that evaluation of the
microvascular changes in different retinal layers using
SS-OCTA may be considered as a key to assessing the
systemic perfusion status. Evaluation of retinal micro-
vasculature may ease the management and approach of
patients with CKD, having in mind that the retinal and
the kidney vascular network are, concerning structure,
development and the function, very similar. Our study
showed that the assessment of microvascular changes in
the retina can predict a progressive reduction in kidney
function. The retinal microvascularity is a useful indica-
tor of at-high-risk individuals and a good way of avoid-
ing aggressive kidney biopsy.
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