
The eye – a vision of kidney 
and heart disease?

What is the problem?

What does it mean? 

Who am I?

What did we find?

What are we interested in? What did we do?
The kidneys have many functions, including filtering 
out waste products, controlling the levels of water and 
chemicals in the body, and stimulating red blood cell 
formation in the bone marrow.

Chronic Kidney Disease (CKD) is a term that describes 
poor kidney function. CKD affects 1 in 10 people, usually 
older people, but in most it is mild or moderate. It has many 
causes, such as diabetes, high blood pressure and ageing. 
People with CKD are at higher risk of cardiovascular 
disease. This includes heart disease and stroke, which 
together cause up to 1/3 of deaths in the UK. It is, therefore, 
important to identify and monitor individuals with CKD in 
order to anticipate and prevent cardiovascular disease 
from developing. However, people with kidney dysfunction 
may not have any symptoms. If they do, these are usually 
very general and non-specific to kidney disease, such as 
feeling ill or having a poor appetite. Some people may go 
unnoticed until almost all their kidney function has been 
lost, when symptoms such as tiredness, due to anaemia, 
and fractures or body pains, due to chemical imbalances, 
become apparent. The only definitive cure at this stage of 
the disease is kidney transplantation.

Our results show considerable reductions in the 
choroidal thicknesses and macular volumes of  
CKD patients compared to healthy volunteers.  
This supports the findings of our previous study,  
which found similarly significant thinning in CKD 
compared to both high blood pressure patients and 
healthy volunteers, indicating that these changes are 
unlikely to be related to blood pressure. A possible 
explanation for the observed thinning is that small 
blood vessel injury would compromise blood supply 
to retinal and choroidal cells, causing their death and 
the resulting reduction in our measurements. These 
reproducible variations in eye structure may represent 
whole-body blood vessel injury, perhaps the result  
of kidney dysfunction. 

We have also shown that kidney transplantation 
partially restored choroidoretinal thickness in  
patients with CKD, especially in the subset of 
Transplant patients with well-functioning kidneys 
(results not shown).

These findings suggest that choroid and retinal 
architecture, and by extension the blood supply of 
the eye, is directly associated with kidney function 
and kidney transplantation seems to be one way of 
improving the architecture of the eye. Perhaps other 
interventions, with drugs or otherwise, would also show 
positive results.

The absence of full eye architecture recovery in 
transplant patients with good kidney function may be 
due to the medications used by our subjects, some 
of which cause constriction of blood vessels (which 
reduces blood flow) and may affect measurements. 
Other factors which may have influenced our findings 
were controlled for in our analysis.

These findings suggest potential for OCT screening of 
at-risk individuals, allowing for the earlier detection and 
management of both CKD as well as cardiovascular 
disease, both conditions which share similar risk factors 
and often present together, providing the prospect  
of a better outcome for these debilitating conditions.

I am a 4th year medical student at 
The University of Edinburgh with a 
strong interest in research, which 
this Scholarship has allowed me to 
pursue. I am now more confident 
both in the handling of data and of 
patients, whose stories have fuelled 
my appreciation of medical research. 
In the future, I’d like to combine 
research with my clinical practice in 
order to best benefit my patients.

Nikolaos was supervised during his Vacation Scholarship project, “Assessment of retina and choroid using optical coherence tomography in health, 
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• There was no significant difference in retinal  
 thickness across all measured locations of  
 the macula between the 3 groups (see Figure 3).

• Macular volume was significantly reduced  
 in both CKD and Transplant when compared  
 to HV. This reduction was more pronounced  
 in CKD patients than Transplant (see Figure 4).

• Choroidal thickness was significantly reduced  
 in both CKD and Transplant compared to  
 HV across all locations of the macula. These  
 differences were more marked in CKD than  
 in Transplant. Also, choroidal thickness was  
 significantly increased in Transplant compared  
 to CKD at locations I, II, III (see Figure 5).

• RNFL thickness was not significantly different  
 for both CKD and Transplant compared to HV  
 (see Figure 6).

We know from previous studies that the damaged kidney releases blood  
vessel-damaging inflammatory chemicals. These may compromise the blood 
supply to other organs, such as the eye which itself is nourished by a large 
number of blood vessels. We wanted to investigate resultant changes in the 
eye of CKD patients using Optical Coherence Tomography (OCT). OCT is a 
novel, rapid method for high-definition imaging of the layers of the back of the 
eye, e.g. the retina and choroid (see Figures 1 and 2). Our hypothesis was that a 
compromised blood supply would decrease the amount of cells forming these 
eye structures. We assumed 
that such decrease would 
translate to a reduced 
thickness and/or volume 
of these layers on our OCT 
scans. We also wanted to 
know if changes may be 
reversed by actions that 
improve the health of the 
kidneys, such as kidney 
transplantation.

We recruited 61 participants in the following groups.

• 32 CKD patients who had received a kidney  
 transplant (Transplant)

• 15 CKD patients (CKD)

• 14 Healthy volunteers (HV)

We scanned both eyes of all participants using 
OCT and measured their retinal thickness, macular 
volume, choroidal thickness, and retinal nerve fibre 
layer (RNFL) thickness.

Each participant had their blood pressure measured 
to see if it might affect the measurements. We used 
statistical analysis to draw comparisons between 
the eye scan measurements of the different groups.
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Figure 1 Anatomy of the human eye showing the retina, choroid, 
and macula. iStock.com/oculo 

Figure 2 Face-on and cross-sectional views of the structures of 
interest in a healthy eye using OCT.  
A. Retinal thickness was defined as the area bordered in red.  
B. Retinal nerve fibre layer thickness (RNFL) was defined as the area 
bordered in red and blue. 
C. Choroidal thickness (indicated by the yellow bars) was measured 
at 3 locations on the macula (indicated by the yellow arrows). 

Figure 3 Retinal thickness in healthy 
volunteers (HV), CKD and kidney 
Transplant subjects across different 
areas of the macula. Differences in retinal 
thickness across all locations of the macula 
were not significant (p=0.296).

Figure 4 Macular volume in healthy 
volunteers (HV), CKD and kidney 
Transplant subjects. ***p<0.001 for HV vs 
CKD and *p<0.05 for HV vs Transplant.

Figure 5 Choroidal thickness in healthy 
volunteers (HV), CKD and kidney Transplant 
subjects across 3 locations of the macula. 
At locations I & II, ***p<0.001 for HV vs CKD 
and *p <0.05 for CKD vs Transplant. At 
location III, *p<0.05 for HV. vs. CKD.

Figure 6 RNFL thickness in healthy 
volunteers (HV), CKD, and kidney Transplant 
subjects. G = average RNFL thickness. 
RNFL thickness was not significantly 
different between groups across all 
locations of the macula (p=0.986).


