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Background
Both greater retinal neurodegenerative

pathology and greater cardiovascular bur-
den have been seen in persons with multiple
sclerosis (pwMS).1,2 Moreover, studies have
described multiple extracranial and
intracranial vasculature changes in pwMS.3
However, only a few studies have examined
the retinal vasculature in multiple sclerosis
(MS). 

Objectives
To determine if there are differences in

retinal vasculature between pwMS and
healthy controls (HCs) and their relation-
ship to peripapillary retinal nerve fiber layer
(pRNFL) thickness. 

Materials and methods
A total of 167 pwMS (113 relapsing-

remitting MS (RRMS) and 54 progressive
MS (PMS)) and 48 HCs were scanned using
optical coherence tomography (OCT).
Earlier OCT scans were available in a
smaller sample size of 101 pwMS and 35
HCs for additional longitudinal 5-year fol-
low-up analysis. The semiautomated seg-
mentation of the retinal vasculature was

performed in a blinded manner on peripap-
illary scans using the optical coherence
tomography segmentation and evaluation
GUI (OCTSEG) in MatLab. (Figure 1).
Automated segmentation of the pRNFL was
performed in the native Heidelberg OCT
software. The sum of bilateral measures of
total retinal vessel diameter, the total num-
ber of retinal vessels and average vessel
diameter were calculated. Independent sam-
ple t-test and paired t-test were used for
cross-sectional and longitudinal analyses,
respectively and non-parametric
Spearman’s test for determining correla-
tions. 

Results
PwMS had a significantly smaller total

vessel diameter (2.5 cm vs 2.7 cm, age-
adjusted p=0.017) and numerically fewer
number of retinal vessels when compared to
HCs (35.1 vs 36.8, age-adjusted p=0.167).
No significant differences between the
pwRRMS and pwPMS were found. Over
the follow-up, pwMS had significant
decrease in number of retinal vessels (36.7
vs. 33.0, p<0.001) and significant increase
in the average vessel diameter (0.072cm vs.
0.081cm, p<0.001). No longitudinal
changes in the HCs were noted. Only in
pwMS, lower pRNFL was associated with
fewer retinal vessels and total vessel diame-
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Figure 1. Semiautomated blood vessel segmentation of peripapillary retinal images
acquired using optical coherence tomography (OCT). The top panel demonstrates the
peripapillary retina with all retinal layers and blood vessels displayed in the Optical
Coherence Tomography Segmentation and Evaluation GUI (OCTSEG). The vessels in the
bottom panel are segmented based on the anatomical feature of vessels within the retinal
layer and shadows through the retinal layers.
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ter (r=0.191, p=0.018 and r=0.216,
p=0.007). 

Conclusions
PwMS have retinal vasculature that

results in smaller and fewer retinal vessels
when compared to HCs that were related to
reduced pRNFL. Over time, a reduction of
retinal vasculature occurred. Future investi-
gations should determine the relevance of
retinal vasculature in regards to MS disease

outcomes, presence of cardiovascular
abnormalities and cerebral/retinal perfu-
sion.
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