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Key points:
 • High serum levels of NfL, a marker 
of neuronal injury, were associated 
with the development of severe ROP, 
highlighting a neurovascular link in 
preterm infants.
 • Blood VEGF concentrations pose 
challenges and may not directly 
reflect retinal pathophysiology in ROP.
 • The EPITOP neonatal biobank 
demonstrates that research can 
use residual clinical blood samples 
to secure ethically-sourced sample 
material for future biomarker 
research.

Understanding a fragile beginning
Preterm birth exposes infants to a 

dramatically different environment than 
life in the womb, one that is richer in oxygen 
but less stable in terms of nutrition and 
physiology. This abrupt transition disrupts 
normal retinal neurovascular development 
and increases the risk of retinopathy of 
prematurity (ROP). This condition can 
lead to visual impairment or blindness if 
not detected and treated promptly. ROP 
development is characterized by an initial 
arrest of retinal vessel growth, followed by 
pathological neovascularization that, in the 
worst case, damages the retina. 

The need for better biomarkers
Early identification of infants at high 

risk for severe ROP remains a challenge. 
Although blood-based biomarkers have 
transformed diagnostics in many fields, 
currently none are used for ROP. Previous 
studies have primarily focused on vascular 
factors, while few have investigated 
markers of neuronal injury in relation 
to ROP. Traditional biomarker studies in 
neonates often rely on sparse sampling, 
limiting temporal resolution and concealing 
early postnatal biological changes. 
Frequent blood draws also pose clinical 
risks in these fragile infants. In this thesis, 
I explored neurovascular biomarkers as 
potential tools to improve ROP prediction 
and understanding of disease mechanisms, 
while also developing ethically sound 
sampling strategies.

VEGF and NfL in the developing retina
The first paper presented a systematic 

review and meta-analysis of vascular 

and medicine: 

endothelial growth factor-A (VEGF-A), 
a key regulator of angiogenesis. Across 
studies, VEGF-A levels decreased after 
ROP treatment, mainly reflecting systemic 
effects of anti-angiogenic therapy. However, 
VEGF-A concentrations in blood are 
influenced by pre-analytical factors, such as 
sample matrix and handling conditions, and 
may not directly reflect intraocular VEGF 
or retinal pathology. Consequently, blood 
VEGF-A does not predict ROP development, 
but it does provide information about 
treatment response. Subsequent cohort 
studies examined neurofilament light chain 
(NfL), a marker of neuronal injury. In two 
independent preterm cohorts, postnatal 
serum NfL levels (weeks 2–4) were 
associated with later ROP development, 
particularly among infants born at ≥25 
weeks gestational age (GA). The most 
immature infants (<25 weeks GA) showed 
high NfL levels regardless of preterm 
morbidities, suggesting that extreme 
prematurity drives neuronal stress or 
developmental vulnerability. Although NfL 
may not serve as a standalone predictor 
for ROP, its association with ROP suggests 
a neurovascular link and offers insight into 
preterm neuronal health.

 Ethical and methodological innovation
In a fourth study, I demonstrated that 

residual clinical blood samples can be 
effectively repurposed for biomarker 
research. This approach enables dense 
temporal sampling while minimizing the risk 

Neurovascular biomarkers in retinopathy of 
prematurity

of iatrogenic anaemia and the associated 
morbidities from frequent blood draws. 
The EPITOP approach bridges analytical 
precision and ethical responsibility, 
providing a scalable framework for future 
neonatal studies.

Looking ahead
Together, these studies show 

how methodological innovation and 
interdisciplinary collaboration can 
advance pediatric ophthalmology. The 
findings highlight VEGF as a marker of 
vascular response, NfL as an indicator of 
neuronal vulnerability, and EPITOP as an 
ethically robust system for high-resolution 
biomarker research. This work bridges 
analysis and medicine, paving the way for 
personalized, less invasive strategies to 
protect vision in preterm infants.
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