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EDITORIAL

Multiple Sclerosis and Chronic
Cerebrospinal Venous Insufficiency:
The Neuroimaging Perspective

In patients with multiple sclerosis (MS), Zamboni et al1 de-
scribed anomalies of venous outflow at color Doppler high-

resolution examination and multiple severe extracranial ste-
nosis at venography, affecting the internal jugular, the
vertebral, and the azygous veins. The authors focused their
evaluation on 5 anomalous parameters of cerebral venous
drainage and defined as abnormal the presence in a single
subject of at least 2 of these parameters. This picture was
termed “chronic cerebrospinal venous insufficiency” (CCSVI)
and was found in all patients with MS studied and in none of
the controls.

Starting from this first report,1 several other articles2-5

from the same group were published that might support the
theory of a role of cerebral venous circulatory abnormalities in
the pathogenesis of MS. This stimulated a wide array of dis-
cussion in the scientific and patient communities, as well as a
significant amount of publicity via lay media. Because the
CCSVI theory, if confirmed, may open new therapeutic ven-
ues for MS, a significant effort has been and continues to be
devoted to proving or disproving it, especially in that the pro-
posed surgical intervention to restore normal venous outflow
is not risk-free and can have serious consequences, which have
already occurred in 2 patients.6

Several studies which are receiving substantial grants from na-
tional and international MS societies are currently being per-
formed, to scrutinize the CCSVI theory. The technical limitations
of the approach applied by Zamboni et al1 and its conceptual
shortcomings have been discussed previously by groups of ex-
perts in the field.7,8 Remarkably, a recent survey performed at the
Department of Neurology of the University of Buffalo, in coop-
eration with Dr Zamboni’s group, reported a narrowing of the
extracranial veins in only 55% of the first 500 patients with MS
enrolled, but also in 25.9% of the 161 healthy controls. Clearly,
these findings9 are much less striking than the 100% separation
initiallyreported.Independently,anextra-andtranscranialcolor-
coded sonography study of 56 patients with MS and 20 controls
performed by a German group of investigators10 not only was
unable to replicate Zamboni’s original findings but found no sig-
nificant difference in the cerebral and cervical venous drainage
between patients and controls, with the exception of a higher
blood volume flow in patients with MS in the upright position,
but not in the supine position (a finding that might reflect vascu-
lar dysregulation likely due to MS affecting the autonomous ner-
vous system).

This commentary focuses on the contribution provided, so
far, by MR imaging and other neuroimaging studies in shed-
ding light on the value of the CCSVI theory in MS.

Neuroimaging Studies Directly Assessing the CCSVI
Theory
Phase-contrast MR images allow noninvasive evaluation of
the flow direction, velocity, and volume of extra- and intracra-

nial blood and CSF. This technique has been recently com-
bined with contrast-enhanced MR angiography at 3T to test
the CCSVI theory in 21 patients with relapsing-remitting (RR)
MS compared with 20 healthy volunteers.11 This study found
no difference between patients and controls regarding internal
jugular venous outflow, aqueductal CSF flow, or the presence
of internal jugular blood reflux, whereas internal jugular vein
stenoses were documented in 3 patients with MS.

Abnormalities of blood flow patterns due to CCSVI have
been proposed as causing increased iron deposition in the
brain,12 a finding that is indeed frequently observed in patients
with MS. Iron deposition in the human brain occurs also with
normal aging and in the course of many neurodegenerative
diseases,13 which reportedly have not been associated with
CCSVI. Although the mechanisms related to increased iron
deposition in neurodegenerative conditions (including MS)
are not fully elucidated, inflammation in MS has been thought
to cause local accumulation of iron via a disruption of the
blood-brain barrier,14 accumulation of iron-rich macro-
phages,14 and reduced axonal clearance of iron.15 Iron accu-
mulation has been proposed as having a pathogenic role in
MS, via secondary injury related to oxidative stress, lipid per-
oxidation, and free radicals.16

Among other techniques, susceptibility-weighted imaging
(SWI) has been applied to assess iron deposition and cerebral
venous oxygen level changes in patients with MS. These stud-
ies have confirmed previous results based on different MR
imaging modalities13,17-21 and have shown an increased iron
concentration in the deep gray matter (GM) nuclei in patients
with MS compared with healthy controls.22,23 In a pilot study
of 16 patients with RRMS, such an increased iron concentra-
tion was related to the number of abnormal venous sono-
graphic criteria fulfilled.23 However, an SWI study at 3T dem-
onstrated a significantly reduced visibility of the venous
vasculature in the periventricular white matter (WM) of pa-
tients with RRMS.24 In line with previous positron-emission
tomography studies, which showed a reduction of oxygen use
and extensive hypometabolism in the GM and normal-ap-
pearing (NA) WM of patients with MS,25,26 this reduced visi-
bility and volume of the cerebral venous system, reflecting a
decreased venous blood deoxyhemoglobin concentration, can
be interpreted as a result of a decreased oxygen extraction in
the diseased MS tissue. On the contrary, occlusion of the ve-
nous vasculature should lead to an intracranial venous en-
gorgement (increased visibility and volume) and enhance-
ment of susceptibility effects, due to increased oxygen
extraction.

Overall, these findings do not support the CCSVI theory in
MS, and most of all, they do not support endovascular proce-
dures suggested as a potentially effective treatment.

MS and Brain Vasculature
An association between plaques and veins in the central ner-
vous system (CNS) of patients with MS has been reported by
seminal pathologic27,28 and MR imaging29 investigations. Us-
ing susceptibility-weighted MR venography based on SWI,
which is sensitive to deoxygenated blood, Tan et al29 identified
a central vein in 94/95 lesions from 17 patients with MS. The
typical ovoid shape and orientation of the long axis of MS
lesions correlated well with the course of the veins. The intro-
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duction in the clinical arena of high- and ultra-high-field-
strength scanners is further elucidating the relationship be-
tween plaque location and morphology and CNS vasculature
in MS. A few preliminary studies performed at 7T20,30-32

showed the ability of MR imaging to define the morphologic
characteristics of MS lesions in the WM and GM at a resolu-
tion that resembles that of the pathologic assessment. Remark-
ably, some of these studies20,30,31,33,34 also allowed a better def-
inition of the relationship between demyelinating lesions and
the deep venous system and confirmed that most MS plaques
are centered around the microvasculature. While such a
perivascular distribution of MS plaques fits with the notion of
the inflammatory and immunologic nature of the disease, it
does not support the CCSVI theory. Indeed, venous occlusion
should result in venous hypertension, which, in turn, should
cause abnormalities such as edematous swelling35,36 and hem-
orrhagic and ischemic infarctions,36 findings that are not seen
in demyelinating plaques of patients with MS.

Abnormalities of regional cerebral hemodynamics in MS
have been investigated by using perfusion MR imaging. These
studies have, for the most part, demonstrated widespread hy-
poperfusion in focal lesions, NAWM, and the cortical and
deep GM of patients with MS with the main clinical pheno-
types.37-39 This finding is consistent with earlier histopatho-
logic studies reporting vascular occlusive changes in MS, char-
acterized by thrombosis of small veins and capillaries, vein
wall hyalinization, and intravascular fibrin deposits.40 To as-
sess whether NAWM hypoperfusion in MS may be related to a
primary vascular etiology or rather may be secondary to hy-
pometabolism, a recent study correlated diffusivity measures
with perfusion findings in the corpus callosum of patients with
RRMS. These authors reported a correlation between de-
creased perfusion and decreased mean diffusivity, a finding
more consistent with what would be expected in primary isch-
emia than in secondary hypoperfusion.41 The notion that isch-
emia may play a role in the pathogenesis of a subset of MS
lesions is also supported by the in vivo descriptions of reduc-
tions in the apparent diffusion coefficients in new focal lesions
of patients with MS42,43 and by pathologic observations show-
ing that in some patients with MS, lesions share similarities
with tissue alterations seen in the early stages of ischemia.44

Remarkably, a longitudinal study45 showed that abnormalities
of cerebral perfusion may precede overt change of blood-brain
barrier permeability during the development of focal MS le-
sions; these abnormalities suggest the presence of inflamma-
tion-related vasodilation in the acute stage of lesion
formation.

Additional mechanisms have been considered to explain
NAWM hypoperfusion in MS, including the following: 1) a
diffuse astrocyte dysfunction, possibly related to an abnormal
release of K� in the perivascular space and, thereby, a reduced
degree of vasodilation46; and 2) mitochondrial injury,47 sec-
ondary to toxic inflammatory mediators, reactive oxygen, and
nitric oxide species. Moreover, given the tight coupling be-
tween arterial flow, tissue metabolism, and venous flow, the
reduced intracranial venous volume and structural changes in
extracranial veins draining the CNS in patients with MS may
simply represent an adaptive physiologic response to low in-
tracranial vascular (arterial) input and low brain metabolism.
Given the elasticity and collapsibility of veins, in some patients

with MS, narrowing and stenosis may occur as a result of the
disease process, but it would follow along these lines that
opening these collapsed veins would not benefit patients.

In short, the present understanding of MS as an immune-
mediated inflammatory-demyelinating disease suffices to ex-
plain these findings.

Conclusions
CCSVI is a sonographic construct that is poorly reproducible
and questionable in terms of known pathophysiologic factors
established in MS. The neuroimaging findings reviewed here
do not support the CCSVI theory in MS, but rather point to a
concomitant disturbance of the brain microcirculation in pa-
tients with MS, which deserves further investigation but can be
well explained by secondary vascular inflammatory changes
known to occur with this disease.44,48,49 As a consequence,
endovascular treatment of presumed vascular abnormalities
in MS should be discouraged vigorously.
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