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Endothelial dysfunction and microvascular disease are multisystem disorders which underpin 3 

early atherosclerosis and plaque progression, and are associated with increased cardiovascular 4 

risk
1
. Measurement of endothelial function and early detection of endothelial/microvascular 5 

dysfunction identifies specific patient subgroups, facilitates risk stratification of patients, and 6 

monitoring of disease progression and response to treatment
2
.  7 

Multiple methods currently exist to assess endothelial function. These include invasive 8 

techniques such as invasive coronary function testing and venous plethysmography, as well as 9 

non-invasive techniques such as flow-mediated vasodilation of brachial artery and finger 10 

plethysmography. Each method has advantages and disadvantages and the ESC have 11 

recommended the continued development of newer techniques and recognised the need for large 12 

clinical studies in order to develop reference ranges and assess clinical utility
2
.  13 

One novel method is dynamic retinal vessel analysis (DVA). This non-invasive method assesses 14 

retinal endothelial function by measuring retinal vessel diameter changes in response to high-15 

frequency flicker light. In healthy patients, high-frequency flicker light stimulates dilatation of 16 

retinal arterioles and venules due to a combination of nitric oxide release and neurovascular 17 

coupling
3,4

. Flicker-induced dilatation of retinal vessels is impaired in patients with diabetes
5
, 18 

obesity
6
, hypertension

7
, and increasing age. 19 

In additional to DVA, static retinal vessel analysis (SVA) can also be performed. This allows for 20 

the measurement of the arterio-venous ration (AVR), which has previously been shown to be 21 

associated with increased cardiovascular risk
8
. 22 
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Patients with end-stage renal disease (ESRD) have excessively elevated levels of morbidity and 1 

mortality, and cardiovascular disease is the leading cause of mortality in patients with ESRD
9
. 2 

Endothelial dysfunction is known to play an important role in the early progression of 3 

cardiovascular and renal disease. Microvascular complications of renal disease can often be 4 

detected at an earlier stage than macrovascular complications, therefore, measuring 5 

endothelial/microvascular function in patients with ESRD presents a potential biomarker for 6 

measuring cardiovascular risk and stratifying therapy according to phenotype. 7 

In this study the authors investigated the predictive value of dynamic flicker-induced retinal 8 

vessel dilatation and static retinal vessel diameters on all-cause mortality in haemodialysis 9 

patients over a 73-month follow-up period.  10 

SVA assessments were performed in 275 patients. Static measurement of retinal arteriolar and 11 

venular diameters showed no significant association with all-cause mortality, cardiovascular 12 

mortality or infection related mortality. Thus, SVA failed to predict mortality in ESRD patients. 13 

DVA assessments were performed in 214 patients. There were 76 deaths in this group, with the 14 

most common cause being cardiovascular death (35 cases, 46%), followed by infection-related 15 

death (22 cases, 29%). They found that retinal venular dilatation (vMax) in response to high-16 

frequency flicker light was a strong predictor of all-cause (HR 0.69 [0.54; 0.88]) and infection-17 

related mortality (HR 0.53 [0.33; 0.83]). In addition, patients within the lowest vMax tertile had 18 

lower 5-year survival rates compared to the highest tertile (50.6% vs. 82.1%) and also had a 19 

higher incidence of infection-related deaths (21.7% vs 4.0%). 20 

Interestingly, when corrected for age and vascular co-morbidities, retinal arteriolar dilatation 21 

(aMax) was not predictive of mortality. 22 
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Consistent with their previously published work
10

, the authors found that vMax was most 1 

strongly correlated with markers of inflammation (hsCRP and IL-6) and vascular co-morbidities. 2 

Thus, suggesting a possible mechanistic link between chronic systemic inflammation and 3 

microvascular dysfunction. 4 

                                                                               -induced 5 

dilatation is an independent predictor for all-cause and infection-related mortality in long-term 6 

follow-up of haemodialysis patients. Using this technique to screen for microvascular 7 

dysfunction may allow for more accurate phenotyping, risk stratification, and personalised 8 

stratified therapy. However, it will be important to consider how this will be translated to 9 

improve clinical outcomes and reduce mortality in this group. The DVA technique has potential 10 

to identify patients with an increased risk of death, who will require aggressive management of 11 

traditional cardiovascular risk factor, and it may also identify patient groups who may benefit 12 

from targeted disease modifying precision therapy. The aim of precision medicine is to tailor 13 

therapy to the individual patient. Allowing for more effective, individualised treatment, and 14 

avoiding unnecessary investigations and treatments. An example is the Precision Medicine with 15 

Zibotentan in Microvascular Angina (PRIZE) trial (NCT04097314). Zibotentan is a potent, oral, 16 

selective inhibitor of the endothelin A receptor. Dysregulation of the endothelin system is 17 

implicated in the development of microvascular dysfunction, and therefore zibotentan has 18 

potential as a disease-modifying therapy. Potentially, a similar approach using novel anti-19 

inflammatory drugs or other drugs with potential disease-modifying effects, could be studied in 20 

patients identified by measuring retinal microvascular function. 21 

Another important consideration is that ideally a biomarker should be transferable to the clinic 22 

and not limited by complexity or cost. An whilst the authors state that clinicians or researchers 23 
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do not require ophthalmic expertise to measure DVA, they do acknowledge that practice and 1 

experience is required to generate reliable data. In addition, the technique is currently only 2 

available at expert centres and relies on a single commercial device. We believe technology 3 

advances to increase automation to minimise user dependency will facilitate the path to the 4 

clinic. 5 

 6 
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Figure.  8 
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