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Abstract

Purpose: The study sought to assess and compare the prevalence of narrowing of the major extracranial veins in subjects with multiple
sclerosis and controls, and to assess the sensitivity and specificity of magnetic resonance venography (MRV) for describing extracranial
venous narrowing as it applies to the chronic cerebrospinal venous insufficiency theory, using catheter venography (CV) as the gold standard.
Methods: The jugular and azygos veins were assessed with time-of-flight MRV in this assessor-blinded, case-control study of subjects with
multiple sclerosis, their unaffected siblings, and unrelated controls. The veins were evaluated by diameter and area, and compared with CV.
Collateral vessels were also analyzed for maximal diameter, as a potential indicator of compensatory flow.
Results: A high prevalence of extracranial venous narrowing was demonstrated in all study groups, collectively up to 84% by diameter
criteria and 90% by area, with no significant difference between the groups when assessed independently (P ¼ .34 and .63, respectively).
There was high interobserver variability in the reporting of vessel narrowing (kappa ¼ 0.32), and poor vessel per vessel correlation between
narrowing on MRV and CV (kappa ¼ 0.064). Collateral neck veins demonstrated no convincing difference in maximum size or correlation
with jugular narrowing.
Conclusion: There is a high prevalence of narrowing of the major extracranial veins on MRV in all 3 study groups, with no significant
difference between them. These findings do not support the chronic cerebrospinal venous insufficiency theory. Although MRV has shown a
high sensitivity for identifying venous narrowing, time-of-flight imaging demonstrates poor interobserver agreement and poor specificity
when compared with the gold standard CV.
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R�esum�e

Objet : La pr�esente �etude vise �a �evaluer et �a comparer la pr�evalence de r�etr�ecissement des grandes veines extra-crâniennes chez les personnes
atteintes de scl�erose en plaques et chez des cas t�emoins. Elle vise �egalement �a mesurer la sensibilit�e et la sp�ecificit�e de la phl�ebographie par
r�esonance magn�etique pour la caract�erisation de la st�enose veineuse extra-crânienne (dans le contexte de la th�eorie de l’insuffisance veineuse
c�ephalorachidienne chronique) en se servant de la phl�ebographie par cath�et�erisme comme modalit�e de r�ef�erence.
M�ethodes : Dans le cadre de cette �etude de cas t�emoins men�ee �a l’aveugle, les veines jugulaires et azygos de personnes atteintes de scl�erose
en plaques, de leurs fr�eres et sœurs non touch�es par la maladie et de cas t�emoins sans lien de parent�e avec les personnes atteintes ont �et�e
�evalu�ees au moyen d’une phl�ebographie par r�esonance magn�etique par temps de vol. Les veines ont �et�e examin�ees en fonction du diam�etre et
de la r�egion. Les r�esultats ont ensuite �et�e compar�es �a ceux obtenus au moyen de la phl�ebographie par cath�et�erisme. Le diam�etre maximal des
vaisseaux collat�eraux a �egalement �et�e analys�e, en tant que possible indicateur de d�ebit compensatoire.
R�esultats : Les groupes �etudi�es ont tous affich�e une pr�evalence �elev�ee de st�enose des veines extra-crâniennes. �A l’�echelle collective, celle-ci
pouvait atteindre 84 % par rapport au crit�ere du diam�etre et 90 % par rapport au crit�ere de la r�egion. Les groupes n’ont affich�e aucune
diff�erence notable quand ils ont �et�e �evalu�es individuellement ( p ¼ 0,34 et 0,63, respectivement). La d�eclaration de st�enose veineuse a
consid�erablement vari�e d’un observateur �a l’autre (kappa ¼ 0,32). �A l’�echelle du vaisseau, aucune v�eritable corr�elation n’a pu être �etablie
entre un r�etr�ecissement observ�e par phl�ebographie par r�esonance magn�etique et un r�etr�ecissement observ�e par phl�ebographie par cath-
�et�erisme (kappa ¼ 0,064). De plus, le diam�etre maximal des veines collat�erales du cou n’a pas vari�e de façon concluante et n’a pu être corr�el�e
avec le r�etr�ecissement de la veine jugulaire.
Conclusions : La phl�ebographie par r�esonance magn�etique a montr�e une pr�evalence �elev�ee de r�etr�ecissement des grandes veines extra-
crâniennes chez les trois groupes �a l’�etude, mais aucune diff�erence notable entre ceux-ci. Ces r�esultats n’appuient pas la th�eorie de
l’insuffisance veineuse c�ephalorachidienne chronique. La phl�ebographie par r�esonance magn�etique affiche un degr�e de sensibilit�e �elev�e pour
la d�etection d’une st�enose veineuse. Toutefois, le degr�e de concordance interobservateur et la sp�ecificit�e de la technique par temps de vol sont
faibles comparativement �a ceux de la phl�ebographie par cath�et�erisme (modalit�e de r�ef�erence).
� 2016 Canadian Association of Radiologists. All rights reserved.
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Multiple sclerosis (MS) is a common debilitating demy-
elinating neurodegenerative disorder. Prevalence averages 30
per 100,000 globally but with significant regional variability,
with particularly high rates (as high as 176 per 100,000) in
Canada, the United States, and Central Europe [1]. Although
generally accepted as an inflammatory autoimmune process
[2] with evidence of a genetic predisposition [3] and envi-
ronmental or demographic influence [1], the underlying
pathogenesis remains elusive. Although a spatial relationship
between MS plaques and venous structures has long been
described [2], more recently venous pathology as a potential
initiator of the disease process [4,5] has been the topic of
great interest and scrutiny. The chronic cerebrospinal venous
insufficiency (CCSVI) theory, as proposed by Zamboni et al
[5] in 2009, hypothesizes that extracranial venous blockages
result in complex hemodynamic flow abnormalities within
the intra and extracranial venous system. Specific patterns of
venous stenosis and collateral drainage were described on
duplex ultrasound and catheter venography (CV). The study
[5] reported a definitive finding in all 65 patients with clin-
ically diagnosed MS, universally absent in non-MS patients,
a perfect association. Much research has been done subse-
quently [6], but the results of this original CCSVI study have
yet to be reproduced.

This article is part of a 3-arm (subjects with MS, their
healthy siblings, and unrelated healthy controls) multicenter
prospective study designed to assess the validity of the
CCSVI theory through 3 modalities, namely Doppler ultra-
sound, CV, and magnetic resonance venography (MRV). The

Doppler ultrasound and CV findings were published previ-
ously [7]. No significant differences were found in the ul-
trasound findings between MS cases and study controls, and
the ultrasound criteria for CCSVI were neither sensitive nor
specific for venous narrowing identified on CV. Furthermore,
CCSVI [5], involving multiple venous obstructive patterns in
combination, was found to be a rarity (<3% of study cohort)
on CV, with no significant difference between MS subjects
and controls. Conversely, narrowing of any 1 major extra-
cranial vein by >50% on CV was commonly described in
both the MS and control groups, with no significant differ-
ence between them. Herein we report the findings of this
multicenter study related to the extracranial venous anatomy
imaged by MRV.

MRV has the advantage of being noninvasive compared
with CV and less operator dependent than ultrasound imag-
ing modalities. MRV also provides a large field of view,
enabling visualization of the jugular and azygos veins, as
well as potential collateral veins in the anterior and posterior
neck. Although unenhanced 2-dimensional (2D) time-of-
flight (TOF) acquisitions largely focus on anatomy,
enhanced time-resolved acquisitions may have the ability to
evaluate flow patterns as well. With all of the above attri-
butes, MRV has the potential to be a screening tool for the
specific venous obstructions proposed by the CCSVI theory
[5]. However, to date, MRV studies have varied in their
findings [8e19], and systematic definitions or consensus
criteria for reporting venous narrowing on MRV have yet to
be defined.
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