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• In addition to multiple genetic and environmental factors, 
cardiovascular health has been recently recognized as a contributor 
to worse clinical and radiological MS outcomes. 1,2

• On the other hand, several intracranial CSF flow studies of MS 
patients demonstrate some cross-sectional differences when 
compared to HCs. 3

Background

Vaughn et al. 2019 Nat Rev Neurol; Jakimovski et al. 2019 Expert Rev Neurother, Sundstorm et al. 2010 Ann Neurol; Magnano et al. J Magn Reson Imaging 2012.

MS – multiple sclerosis, CSF – cerebrospinal flow, AoS – aqueduct of Sylvious, LV – lesion volume, WM –white matter
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• Cross-sectionally, RRMS 
patients have smaller 
arterial vessel size and 
higher number of 
secondary neck vessels. 1

• Longitudinal analysis of 
the major arterial vessels 
demonstrated further 
vessel narrowing in MS 
patients when compared to 
HCs. 2

• What are the longitudinal 
changes in secondary neck 
vessels and in CSF flow 
dynamics?

Preliminary results – extracranial vasculature

1Belov et al. AJNR Am J Neuroradiol 2018, 2Pelizzari et al. AJNR Am J Neuroradiol 2018
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METHODS AND 
MATERIALS
• Recruitment and eligibility

• MRA and PC-cine imaging

• Statistical analysis

MRA – magnetic resonance angiography, PC – phase contrast
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Study population and criteria

MS – multiple sclerosis, MRI – magnetic resonance imaging, PC – phase contrast

Inclusion criteria:

• Age 18-75 at baseline

• 3T MRI availability both at baseline and follow-up

• Sub-study acquisition of PC cine imaging

Exclusion criteria:

• Clinically-defined relapse or use of intravenous corticosteroids within 30 days of blood 
sample collection

• Pregnant or nursing mothers

• Study subjects were recruited from ongoing prospective 5-year longitudinal cardiovascular, 
environmental, and genetic study in MS (CEG-MS). 1

1Jakimovski et al. Eur J Neurol 2019;
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• Study specific sequences acquisition and analysis 
include:

• High resolution T1 – brain volumes determined 
with SIENAX.

• Magnetic Resonance Angiography (MRA) –
semi-automated thresholding/contouring 
secondary vessel segmentation by JIM 
software.

• Phase contrast (PC) cine imaging – AoS
measures derived with Segment software

MRI acquisition and analysis

MS – multiple sclerosis, HCs – healthy controls, AoS – aqueduct of Sylvius
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• Differences between MS and HCs in the number and total CSA of 
secondary vessels was performed by Mann Whitney U test. 

• For longitudinal analyses, non-parametric repeated measure 
(Wilcoxon) was performed and respective z-change scores were 
derived.

• FDR-corrected q-values were reported.

• Cross-sectional differences in AoS-measures were derived by age 
and sex-adjusted ANCOVA, whereas longitudinal changes were 
derived by paired t-tests. 

• Associations between brain volumes and AoS measures were 
derived with Spearman’s correlation.

Sub-study analysis

MS – multiple sclerosis, HCs – healthy controls, CSA – cross-sectional area, FDR – false discovery rate, AoS – aqueduct of Sylvius, 

ANCOVA – analysis of covariance

Statistical analysis
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RESULTS
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Demographic and clinical characteristics

MS –multiple sclerosis, HCs – healthy controls, CIS –clinically isolated syndrome, BMI – body mass index, RRMS – relapsing-remitting MS, PMS –

progressive MS, EDSS – Expanded Disability Status Score, SD – standard deviation, IQR – interquartile range

• No statistical difference in any demographic 

characteristics between MS and HCs.

• 3 CIS patients were excluded 

form the analysis

• Additional exclusion of PC 

cine scans due to substantial 

image noise
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Change in number and size of secondary neck vessels

MS –multiple sclerosis, HCs – healthy controls.

Longitudinal change in the 

number of secondary neck vessels 

measured at C4-C5. 
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• The MS patients had average AoS CSA increase from 
3.1mm2 to 3.7mm2, q=0.001,increase in diastolic peak 
flow rate from 7.8ml/min to 9.3ml/min, p=0.023, and 
increase in diastolic peak velocity from 7.2cm/s to 
7.8cm/s, p=0.037.

• The change in AoS CSA was not associated with the 
change in secondary vessels, but with global ventricular 
CSF expansion (rs=0.457, p=0.025).

Longitudinal changes in Aqueduct of Sylivius measures

AoS CSA is the only 
differentiator between MS and 

HCs.

MS –multiple sclerosis, HCs – healthy controls, AoS – aqueduct of Sylvius, CSF – cerebrospinal fluid. CSA – cross-sectional area
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• Low HCs sample size for inferring normal “aging” trajectories of 
secondary neck vessel changes.

• Lack of PC-cine imaging with high velocity encoding (for arterial 
and venous flow measurement).

Limitations

Conclusions

• MS patients experience greater longitudinal decrease in 
secondary neck vessels when compared to HCs.

• Concurrently, MS patients demonstrate greater AoS
enlargement, potentially reflecting local brain atrophy changes.

• Larger multimodal studies should determine the 
interrelationship between vascular and CSF longitudinal 
changes.

MS –multiple sclerosis, HCs – healthy controls, AoS – aqueduct of Sylvius, CSF – cerebrospinal fluid.
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Thank you! Any questions?
Buffalo Neuroimaging Analysis Center (BNAC):

Robert Zivadinov M.D. Ph.D.

Michael Dwyer Ph.D.

Niels Bergsland Ph.D.

Deepa P Ramasamy M.D.

Jesper Hagemeier Ph.D.

Tom Fuchs B.S.

Department of Neurology, University at Buffalo:

Bianca Weinstock-Guttman M.D.

Ralph HB Benedict Ph.D.

David Hojnacki M.D.

Channa Kolb M.D.

Alexis Lizarraga M.D.

Caila B Vaughn Ph.D.

Former BNAC scholars:

Sirin Gandhi M.D.

Ivo Paunkoski M.D.

Avinash Chandra M.D.

Don Ghnocci, Milan, Italy:

Maria Marcella Lagana, Ph.D..

Laura Pelizzari Ph.D.
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Supplement Slides

CIS – clinically isolated syndrome, RRMS – relapsing-remitting multiple sclerosis, PMS – progressive MS
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Supplement Slides

RRMS – relapsing-remitting multiple sclerosis, PMS – progressive MS


