
Influence of chronic cerebrospinal venous

insufficiency on demyelinating diseases

Abstract

We analyzed all the arguments against chronic cerebrospinal venous ins-
ufficiency (CCSVI) as a medical entity, and its association with a disabling
demyelinating disease, multiple sclerosis (MS). We revised all the findings
suggesting a possible connection between these two entities. By comparing
the results obtained by different study groups, we noted a great variability in
prevalence of CCSVI in MS patients, ranging from 0 to 100%. Overall the
reported prevalence is respectively 70% in MS vs. 10% in controls, and a
recent meta-analysis assessed an over 13 times increased prevalence in MS.
Postmortem studies show a higher prevalence of intraluminal defects in the
main cerebral extracranial vein in MS patients respect to controls. Several
pathophysiological studies demonstrate correlation between CCSVI and
neglected vascular aspects of MS. Particularly, global hypo-perfusion of the
brain, as well as reduced cerebral spinal fluid dynamics in MS was shown to
be related to CCSVI. After careful review of all obtained data we can
conclude that great variability in prevalence of CCSVI in MS patients can
be a result of different methodologies used in vein assessment, training,
application of unapproved diagnostic criteria, or different approach to the
problem itself. By many studies it has been shown that CCSVI can be
inserted in the list of multiple factors involved in pathogenesis of MS, as well
as other neurodegenerative diseases.

Chronic cerebrospinal venous insufficiency (CCSVI) can be consi-
dered one of the multiple factors involved in the pathogenesis of

demyelinating diseases, primarily multiple sclerosis (MS). It is a syn-
drome characterized by stenoses or obstructions of the internal jugular
(IJ) and/or azygos (AZ) veins with disturbed flow and formation of
collateral venous channels (1, 2). Venous narrowing are primary ob-
structions, mainly related to segmental hypoplasia or, more frequently,
to intraluminal defects like webs, fixed valve leaflets, membrane, in-
verted valve orientation, etc. (3, 4, 5).

The basis and foundation of venous anomalies are not entirely clear
yet. Venous lesions are described as truncular venous malformations,
presenting as intraluminal defects or segmental hypoplasia (6, 7, 8).
Developmental arrest in advanced stages of vascular trunk formation
during fetal life can result in such truncular venous malformations. Such
lesions are: aplasia, hypoplasia or hyperplasia of the vessel, a defective
vessel with obstruction from intraluminal lesions (e.g., vein web, spur,
annulus, or septum) or dilatation (e.g., jugular vein ectasia/aneurysm).
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Radiological studies of healthy subjects did not demon-
strate these types of lesions (9–18), while CCSVI-like le-
sions were described associated to myelopathies (19, 20).

However, there are many publications pointing against
the existence and the association of CCSVI in MS. Ba-
gert et al. (21) state that investigations did not succeed in
verifying the relationship between CCSVI and MS and
they question the existence of CCSVI. Khan et al. (22)
stated that endovascular procedures in MS were »research
endeavors«, and that endovascular procedures should be
discouraged. A Canadian group (23) concluded that »the
performance of an interventional venous angioplasty …
is not appropriate at this time«. Reekers et al.’s (24)
randomized trials did not show a difference in the preva-
lence of venous stenosis between groups of patients with
or without MS. But a recent meta-analysis done by Lau-
pacis et al. (25) showed a positive association between
CCSVI and MS, with an increased risk of more than 13
times.

The aim of this Motion is to analyze all the arguments
against CCSVI as a medical entity and a subset of MS. In
addition, we revise all the findings suggesting a possible
connection between these two entities.

In the growing field of publications trying to demon-
strate either positive or negative association of CCSVI
with MS we will discuss the results of studies published
so far. These studies show very variable results which we
aim to comment. We observed grouping of results into
two main groups; those with a CCSVI prevalence higher
than 60%, from 60%–100% (1–3, 5, 26–27), and those

with absence of such lesions (28, 29), or CCSVI pre-
valence under 60% (30, 31) (Table 1)(Figure 1). This
variability could be the result of differences in technique,
training, experience or criteria used (32, 33).

Moreover, a recent meta-analysis done by Laupacis et
al. (25) showed a positive association between CCSVI
and MS. A systematic review and meta-analysis of all
reports from 2005 till June 2011 was performed, com-
paring the frequency of CCSVI and MS. Their findings
proved a significant association between CCSVI and MS
even after exclusion of the first study by Zamboni, the
meta-analysis was repeated after inclusion of Doepp’s
study, in which none of the patients or controls had
CCSVI, which also showed similar results. Despite this,
a strong association between CCSVI and MS was con-
cluded (OR 3.5, 95% 0.8–15.8).

But, are the studies in opposition really so opposite?
Doepp and al. reported no CCSVI in MS patients (34),
but their results did show a significant reduction of ve-
nous outflow in MS patients when their position changed
from supine to upright, which points towards a disturbed
venous outflow4. Doepp et al. (34) demonstrate a much
larger change in blood flow volume in normals com-
pared to MS patients when the subjects go from a supine
to upright position. They find a change of 128 ml/min
and 56 ml/min for the right and left sides respectively for
MS patients. But they found a much larger change of 266
ml/min and 105 ml/min for their normal subjects. This
result actually suggests the presence of CCSVI proven
with a different protocol. The causes of reduced outflow
changing posture to upright can be from intraluminal
septum, membrane, immobile valve affecting the hydro-
static pressure gradient. The presence of such blockages
in the extracranial and extravertebral cerebral veins have
been proven by using catheter venography (1, 35–38).
More interestingly, Diaconu et al. communicated at
ECTRIMS (European Committee for Treatment and
Research in Multiple Sclerosis) the results of a post-
-mortem study clearly showing a highest prevalence of
jugular septimentation with possible hemodynamic con-
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TABLE 1

Prevalence of CCSVI in patients with MS and healthy

controls.

Author (ref) MS Patients Controls

CCSVI Total CCSVI

Zamboni et al, 2009 1 65(100%) 65 0(0%)

Zivadinov et al, 2011 42 162(56.1%) 289 374(22,7%)

Doepp et al, 2011 34 0(0%) 56 0(0%)

Mayer et al, 2011 28 0(0%) 20 1(5%)

Yamout et al, 2010 70 19(45%) 42 –

Baracchini et al, 2011 30 8(16%) 50 1(2%)

Al Omari et al, 2010 5 21(84%) 25 0(0%)

Simka et al, 2010 27 64(91%) 70 –

Bastianello et al, 201126 610(86%) 710 –

*Marder et al, 2011 29 0(0%) 18 –

Centonce et al, 201171 42(50%) 84 20(36%)

Zamboni et al, 2010 72 18(100%) 18 6(0%)

Zaharchuck et al, 201173 21(54%) 39 –

Zivadinov et al, 20113 10(100%) 10 –

Krogias et al, 2010 74 2(20%) 10 0(0%)

*18 controls with migraine or no neurological disease.

*18 control subjects with migraine or no neurological disease.

Figure 1. Meta-analysis of CCSVI prevalence in different studies.



sequences in MS patients respect to controls (39). This
result is confirmed by another autoptic study (40). Barac-
chini et al. reported 16% of CCSVI in MS patients at
disease onset, compared to 2% of CCSVI in healthy
controls (30). This finding suggests that CCSVI repre-
sents a nine times higher risk factor for disease onset,
showing increased susceptibility to MS in CCSVI sub-
jects (41). Zivadinov et al. recently reported CCSVI more
likely to be a secondary phenomenon to MS (42). Their
results showed that CCSVI was found in 50% of pedia-
tric MS cases as well as in 38% of CIS cases, thus making
the conclusion rash (43).

A well-established explanation for this great varia-
bility is the amount of training and experience investi-
gators have in echo-colour Doppler imaging. Studies
show (32, 42) that inter-operator variability decreases
post-training (from k=0.47 to k=0.80) while intra-ope-
rator reproducibility in trained operators was k=0.75.
Apart from this, ultrasound imaging still remains an
operator-dependent investigation.

Despite all, in more than 2000 investigated subjects,
the prevalence of CCSVI was 70% in MS patients com-
pared to prevalence of 10% in healthy controls. Studies
claiming to be in opposition to CCSVI still show dif-
ferent elements of abnormality of venous outflow in MS
patients compared to their healthy controls.

A positive connection between CCSVI and MS is
suggested by studies which tend to prove the presence of
cerebral hypoperfusion in MS patients. MR studies in
MS patients show a decrease in cerebral perfusion, af-
fecting widespread areas including normal-appearing
white matter (NAWM) (44).

A factor promoting development of ischemic brain
lesions in individuals with MS is globally decreased cere-
bral perfusion. A decrease in cerebral blood flow in both
gray and white matter was shown by SPECT (single-
-photon emission computed tomography) and PET (po-
sitron emission-computed tomography) studies. A study
using dynamic susceptibility contrast-enhanced MRI
(DSC-MRI) showed significantly decreased cerebral
blood flow (CBF) and prolonged mean transit time
throughout the NAWM of the brain in MS patients,
compared to controls (45). A study of regional pattern of
perfusion in NAWM reported a substantially decreased
cerebral blood flow (CBF) and cerebral blood volume
(CBV) in all NAWM regions in MS patients regardless of
disease form (46). Several reports claim hypoperfusion in
the cerebral cortex and subcortical gray matter of patients
with MS (47–50). This was proven by Varga et al. (51)
using DSC-MRI to assess CBF in cerebral NAWM,
thalamus, and putamen in MS patients and controls.
CBF was decreased in NAWM of patients with CIS and
RRMS, but not in healthy controls, suggesting a CBF
decrease of NAWM in early stages of disease. The hypo-
perfusion is believed to start in NAWM and it progresses
into the gray matter. So definitely, hypoperfusion is part
of MS.

Several mechanisms try to explain cerebral hypoper-
fusion (52, 53). However, among the theories trying to
explain diffuse and global hypoperfusion of brain paren-
chyma, CCSVI is the only finding explaining why CBF
is reduced at any point of the microcirculatory network,
in consequence of the disturbed outflow in the main
venous outflow route (44). This is confirmed by a study
showing a robust correlation between the number of
extracranial venous flow abnormalities detected by ultra-
sound and the severity of reduced CBF measured in the
brain microcirculation (54). In contrast, the other theo-
ries trying to explain global brain hypoperfusion fail to
clarify why the flow is reduced either in NAWM and in
NAGM (normal-appearing gray matter). Moreover, re-
duced CBF means stasis, highly characteristic of chronic
venous disease. Stasis contributes to explain red blood
cell extravasation with consequent iron-laden macro-
phages and perivenous iron depositions.

Due to perivenular pattern of focal MS lesions, CCSVI
causes the stretching of endothelial tight junctions, caus-
ing diapedesis and degradation of erythrocytes, which
results in iron deposition surrounding the veins in brain
parenchyma (55). Advanced MRI studies have shown
higher iron concentrations in the thalamus and basal
ganglia of MS patients, in a deposition pattern associated
with venous drainage roots (56). The high iron concen-
trations in MS lesions might be caused by iron release
from the proteins to which it binds as a result of oligo-
dendrocyte destruction occurring during inflammation
and consequential lesion formation.

Cerebrospinal fluid dynamics and
venous hemodynamics

The cerebrospinal fluid (CSF) if formed in lateral
ventricles and mainly flows through brain’s ventricular
system, over and around cerebral hemisheres, and is
absorbed by arachnoid villi into the superior sagittal
sinus. Normal circulation of the CSF desires an optimal
balance between ultrafiltration of CSF and its clearance
from CSF spaces into the venous system at the level of
dural sinuses, which depands mainly on efficient venous
drainage (57, 58). A blinded MR pilot study demon-
strated venous outflow disturbance in MS patients (59).
Subjects with CCSVI showed higher frequency of ve-
nous reflux, blocked flow, B-mode abnormalities, and
reduced IJV compliance which led to increased VHISS
(54) (Venous Hemodynamic Insufficiency Severity Score)
and lower net cerebrospinal fluid CSF flow. The study
showed that impaired CSF dynamics may be a factor
contributing to the increased volumes in 3rd and lateral
ventricles, which was frequently observed in MS patients.
Authors demonstrated that CCSVI has a significant im-
pact on brain pathophysiology, especially on intracranial
fluid balance.

We cannot deny that CSF flow, and symptoms of MS
show a relationship to CCSVI, so we present several
symptoms of MS, studied by scientists who have proven a
vascular background to the problem.
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Optic neuritis: A study of retinal blood vessels and
their integrity (60) showed that more than half of patients
with optic neuritis, who had vascular abnormalities, de-
veloped MS, in comparison to those without vascular
abnormalities.

Transverse myelitis: It is considered also related to
MS. It occurs more often in occupations linked to Valsal-
va maneuver causing many pressure changers, and oc-
curring in everyday life, depending on professional phy-
sical demands (61).

Idiopathic intracranial hypertension (IIH): MS pa-
tients are found to have IIH, a 3D MR venography
(MRV) study showed 90% of MS patients to have sino-
venous stenosis (62). It is not clear whether these stenoses
are caused by the hypertension, or it is the other way
around (63, 64). What is the link between IIH and MS?
Is one causing the other, or is IIH coincidentally found in
individuals with MS? Russian literature seems to com-
monly accept the association of raised intracranial pres-
sure in the setting of MS exacerbations (65).

Hydrocephalus: CSF has an important role in regu-
lation of cerebral volume, by responding to incoming
arterial flow and outgoing venous flow. Considering that
about 70% of cerebral blood is venous blood, it is not
surprising that veins play an important role in system
compliance (66). There is evidence of venous compres-
sion in patients with communicating hydrocephalus. This
finding could relate to loss of visibility of medullary veins
in more severe cases (as seen by susceptibility weighted
imaging) (67). Recently, venous insufficiency has been
linked to hydrocephalus (68). References show an asso-
ciation of hydrocephalus with intracranial venous occlu-
sion, jugular venous obstruction, superior vena cava hy-
pertension and superior vena cava occlusion. Also, it has
been shown that hydrocephalus caused by jugular ste-
nosis is reversible (69).

We analyzed all the arguments against CCSVI as a
medical entity, and it’s association with MS. We revised
all the findings suggesting a possible connection between
these two entities. After careful review of all obtained
data we can conclude that great variability in prevalence
of the syndrome in MS patients can be a result of dif-
ferent methodologies used in vein assessment, training,
application of unapproved diagnostic criteria, or diffe-
rent approach to the problem itself. However, all obtain-
ed data point towards a need for further investigation of
this syndrome in MS as well as other demyelinating and
neurodegenerative diseases.

REFERENCES:

1. ZAMBONI P, GALEOTTI R, MENEGATTI E et al. 2009 Chronic
cerebrospinal venous insufficiency in patients with multiple sclero-
sis. J Neurol Neurosurg Psychiatry 80: 392–399

2. ZAMBONI P, CONSORTI G, GALEOTTI R et al. 2009 Venous
collateral circulation of the extracranial cerebrospinal outflow routes.
Curr Neurovasc Res 6(3): 204–12

3. ZIVADINOV R, GALEOTTI R, HOJNACKI D et al. 2011 Value of
MR Venography for Detection of Internal Jugular Vein Anomalies in
Multiple Sclerosis: A Pilot Longitudinal Study. Am J Neurorad 32(5):
938–46

4. ZAMBONI P 2010 Regarding »No Cerebrocervical Venous Conges-
tion in Patients with Multiple Sclerosis. Intraluminal Jugular Septa-
tion«. Ann Neurol 68(6): 969

5. AL-OMARI M H, ROUSAN L A 2010 Internal jugular vein morpho-
logy and hemodynamics in patients with multiple sclerosis. Int
Angiol 29: 115–20

6. LEE B B, LAREDO J, NEVILLE R 2010 Embryological back-
ground of truncular venous malformation in the extracranial venous
pathways as the cause of chronic cerebrospinal venous insufficiency.
Int Angiol 29(2): 95–108

7. LEE B B, BERGAN J, GLOVICZKI P et al. 2009 Diagnosis and
treatment of venous malformations-Consensus Document of the
International Union of Phlebology (IUP)-2009. Int Angiol 28(6):
434–51

8. LEE B B, LAREDO J, LEE T S et al. 2007 Terminology and
classification of congenital vascular malformations. Phlebology 22(6):
249–52

9. UFLACKER R 1997 Atlas of Vascular Anatomy. An Angiographic
Approach. Williams and Wilkins Eds., Philadephia. Lippincot.

10. HAMOUD S, NITECKY S, ENGEL A et al. 2003 Hypoplasia of
the inferior vena cava with azygous continuation presenting as re-
current leg deep vein thrombosis. Am J Med Sci 319(6): 414–6

11. GATES J, HARTNELL G G 1995 Demonstration of inferior vena
cava patency by retrograde azygous venography. Cardiovasc Intervent
Radiol 18(6): 419–21

12. LANE E J, HEITZMAN E R, DINN W M 1976 The radiology of
the superior intercostals veins. Radiology 120(2): 263–7

13. CHASEN M H, CHARNSANGAVEJ C 1998 Venous chest ana-
tomy: clinical implications. Eur J Radiol 27(1): 2–14

14. MAMMEN T, KESHAVA S N, EAPEN C E et al. 2008 Transjugu-
lar liver biopsy: a retrospective analysis of 601 cases. J Vasc Interv
Radiol 19(3): 351–8

15. DILENGE D, PEREY B, GERAUD G et al. 1975 Angiographic
demonstration of the cervical vertebral venous plexus in man. J Can
Assoc Radiol 26(2): 77–81

16. ZELLI G P, MESSINETTI S, CONDORELLI S 1964 Original
technic of internal jugular phlebography by puncture of the external
jugular vein with retrograde emmission of the contrast media. Prog
Med 15(20): 681–8

17. GEJROT T, LAUREN T 1964 Retrograde venography of the in-
ternal jugular veins and transverse sinuses, technique and roentgen
anatomy. Acta Otolaryngol 57: 556–70

18. GEJROT T 1964 Retrograde Jugularography In The Diagnosis Of
Abnormalities Of The Superior Bulb Of The Internal Jugular Vein.
Acta Otolaryngol 57: 177–80

19. LERICHE H, AUBIN M L, ABOULKER J 1976 Cavo-spinal
phlebography in myelopathies. Stenoses of internal jugular and
azygos veins, venous compressions and thromboses Acta Radiol
Suppl. 347: 415–7

20. TZULADZE II 1999 The selective phlebography of the large tribu-
taries of the vena cava system in the diagnosis of venous circulatory
disorders in the spinal complex. Zh Vopr Neirokhir Im N N Burdenko
2: 8–13

21. BAGERT B A, MARDER E, STUEVE O 2011 Chronic Cerebro-
spinal venous Insufficiency and Multiple Scerosis. Arch Neurol. Pub-
lished online: doi:10.1001/archneurol.2011.179.

22. KHAN O, FILLIPPI M, FREEDMAN M S et al. 2010 Chronic
cerebrospinal venous insufficiency and multiple sclerosis. Ann Neu-
rol 67(3): 286–290

23. CHAFE R, BORN K B, SLUTSKY A S et al. 2011 The rise of people
power. Nature 472: 410–411

24. REEKERS J A, LEE M J, BELLI A M et al. 2011 Cardiovascular and
Interventional Radiological Society of Europe commentary on the
treatment of chronic cerebrospinal venous insufficiency. Cardiovasc
Intervent Radiol 34(1): 1–2

25. LAUPACIS A, LILLIE E, DUECK A et al. 2011 Association be-
tween chronic cerebrospinal venous insufficiency and multiple sclero-
sis: a meta-analysis. CMAJ 2011.DOI:10.1503/cmaj.111074.

26. BASTIANELLO S, ROMANI A, VISELNER G et al. 2011 Chronic
Cerebro Spinal Venous Insufficiency in Multiple Sclerosis. Abstract
presented at the ISNVD Annual Meeting, Bologna, Italy, March
2011.

27. SIMKA M, KOSTECKI J, ZANIEWSKI M et al. 2010 Extracranial
Doppler sonographic criteria of chronic cerebrospinal venous in-

390 Period biol, Vol 114, No 3, 2012.

P.Zamboni and Sandra Morovi} Influence of CCSVI on demyelinating diseases



suffitiency in the patients with multiple sclerosis. Int Angiol 29:
109–14

28. MAYER C A, WALTRAUD P, MATTHIAS W L et al. 2011 The
perfect crime? CCSVI not leaving a trace in MS. J Neurol Neurosurg
Psychiatry 82: 436–440

29. MARDER E, GUPTA P, GREENBERG B M et al. 2011 No Cere-
bral or Cervical Venous Insufficiency in US Veterans With Multiple
Sclerosis. Arch Neurol. Published online. doi:10.1001/archneurol.
2011.185.

30. BARACCHINI C, PERINI P, CALABRESE M et al. 2011 No
evidence of chronic cerebrospinal venous insufficiency at multiple
sclerosis onset. Ann Neurol 69: 90–9

31. WATTJES M P, VAN OOSTEN B W, DE GRAAF W L et al. 2011
No association of abnormal cranial venous drainage with multiple
sclerosis: a magnetic resonance venography and flow-quantification
study. Neurol Neurosurg Psychiatry 82(4): 429–35

32. MENEGATTI E, GENOVA V, TESSARI M et al. 2010 The repro-
ducibility of color doppler in chronic cerebrospinal venous insuf-
ficiency associated with multiple scleroris. Internl Angiol 29: 121–126

33. THAPAR A, LANE T, NICHOLAS R et al. 2011 Systematic review
of sonographic chronic cerebropinal venous insufficiency findings in
multiple sclerosis. Phlebology 26(8): 319–25

34. DOEPP F, PAUL F, VALDUEZA J M et al. 2010 No cerebrocervical
venous congestion in patients with multiple sclerosis. Ann Neurol 68:
173–83

35. ZAMBONI P, GALEOTTI R, WEINSTOCK-GUTTMAN B et
al. 2012 Venous Angioplasty in Patients With Multiple Sclerosis.
Results Of A Pilot Study. Eur J Vasc Endovasc Surg 43(1): 116–22

36. LUDYGA T, KAZIBUDZKI M, SIMKA M et al. 2010 Endovascu-
lar treatment for chronic cerebrospinal venous insufficiency: is the
procedure safe? Phlebology 25(6): 286–95

37. PETROV I, GROZDINSKI L, KANINSKI G et al. 2011 Safety
profile of endovascular treatment for chronic cerebrospinal venous
insufficiency in patients with multiple sclerosis. J Endovasc Ther
18(3): 314–23

38. SISKIN G, MANDATO K, ENGLANDER M 2011 Chronic Cere-
brospinal Venous Insufficiency in Multiple Sclerosis Patients. There
is speculation that CCSVI may contribute to the symptoms ex-
perienced by MS patients, but what do the data tell us so far?
Endovasc Tod 7: 34–38

39. DIACONU C, STAUGAITIS S, MCBRIDE J et al. 2011 Anato-
mical and histological analysis of venous structures associated with
chronic cerebro-spinal venous insufficiency. Abstract presented at:
5th ECTRIMS and Amsterdam, The Netherands, 2011.

40. BAIOCCHINI A, TOSCANO R, VON LORCH W et al. 2011
Anatomical stenosis of the internal jugular veins : supportive evidence
of chronic cerebrospinal venous insufficiency? e-letter JNNP. 2011 and
http://jnnp.bmj.com/content/82/4/355.extract/reply#jnnp_el_7244.

41. GIAMPIERO A 2011 Chronic cerebrospinal venous insufficiency
and susceptibility to multiple sclerosis. Reply to the author. Ann
Neurol 70(1): 18

42. ZIVADINOV R, MARR K, CUTTER G et al. 2011 Prevalence,
sensitivity, and specificity of chronic cerebrospinal venous insuf-
ficiency in MS. Neurology 77(2): 138–144

43. MOROVIC S, MENEGATTI E 2011 »Prevalence, sensitivity, and
specificity of chronic cerebrospinal venous insufficiency in MS« [elec-
tronic response to Zivadinov et al. 2011;77:138–144]. http://www.neu-
rology.org/cgi/eletters/77/2/138.

44. D’HAESELEER M, CAMBRON M, VANOPDENBOSCH et al.
2011 Vascular aspects of multiple sclerosis. Lancet Neurol 10: 657–66

45. LAW M, SAINDANE A M, GE Y et al. 2004 Microvascular abnor-
mality in relapsing-remitting multiple sclerosis: perfusion MR imag-
ing findings in normal-appearing white matter. Radiology 231: 645–52.

46. ADHYA S, JOHNSON G, HERBERT J et al. 2006 Pattern of
hemodynamic impairment in multiple sclerosis: dynamic susceptibi-
lity contrast perfusion MR imaging at 3.0 T. Neuroimage 33: 1029–35

47. BROOKS D J, LEENDERS K L, HEAD G et al. 1984 Studies on
regional cerebral oxygen utilisation and cognitive function in multi-
ple sclerosis. J Neurol Neurosurg Psychiatry 47: 1182–91

48. LYCKE J, WIKKELSO C, BERGH A C et al. 1993 Regional cere-
bral blood flow in multiple sclerosis measured by single photon
emission tomography with technetium-99m hexamethyl propylene-
amine oxime. Eur Neurol 33: 163–67

49. SWANK R L, ROTH J G, WOODY D C JR. 1983 Cerebral blood
flow and red cell delivery in normal subjects and in multiple sclero-
sis. Neurol Res 5: 37–59

50. SUN X, TANAKA M, KONDO S et al. 1998 Clinical significance of
reduced cerebral metabolism in multiple sclerosis:a combined PET
and MRI study. Ann Nucl Med 12: 89–94

51. VARGA A W, JOHNSON G, BABB J S et al. 2009 White matter
hemodynamic abnormalities precede sub-cortical gray matter chan-
ges in multiple sclerosis. J Neurol Sci 282: 28–33

52. DE KEYSER J, STEEN C, MOSTERT J P et al. 2008 Hypoperfu-
sion of the cerebral white matter in multiple sclerosis: possible
mechanisms and pathophysiological significance. J Cereb Blood Flow
Metab 28: 1645–51

53. GE Y, LAW M, JOGNSON G et al. 2005 Dynamic susceptibility
contrast perfusion MR imaging of multiple sclerosis lesions: charac-
terizing hemodynamic impairment and inflammatory activity. AJNR
Am J Neuroradiol 26: 1539–47

54. ZAMBONI P, MENEGATTI E, WEINSTOCK-GUTTMAN B et
al. 2011 Hypoperfusion of brain parenchyma is associated with the
severity of chronic cerebrospinal venous insufficiency in patients
with multiple sclerosis: a cross-sectional preliminary report. BMC
Med: 9–22.

55. SINGH A V, ZAMBONI P 2009 Anomalous venous blood flow and
iron deposition in multiple sclerosis. J Cereb Blood Flow Metab
29(12): 1867–78

56. HAACKE E M, GARBERN J, MIAO Y et al. 2010 Iron stores and
cerebral veins in MS studied by susceptibility weighted imaging. Int
Angiol 29: 149–57

57. SCHALLER B 2004 Physiology of cerebral venous blood flow: from
experimental data in animals to normal function in humans. Brain
Res Rev 46: 243–60

58. URSINO M, LODI C A 1997 A simple mathematical model of the
interaction between intracranial pressure and cerebral hemodyna-
mics. J Appl Physiol 82: 1256–1269

59. ZAMBONI P, MENEGATTI E, WEINSTOCK-GUTTMAN B et
al. 2009 The severity of chronic cerebrospinal insufficiency in pa-
tients with multiple sclerosis is related to altered cerebrospinal fluid
dynamics. Funct Neurol 24(3): 133–138

60. LIGHTMAN S, MCDONALD W I, BIRD A C et al. 1987 Retinal
venous sheathing in optic neuritis. Its significance for the pathoge-
nesis of multiple sclerosis. Brain 110: 405–414

61. BATSON O V 1960 The Valsalva maneuver and the vertebral vein
system. Angiology 11: 443–447

62. DAVIES M 1997 The natural history and management of dural
arteriovenous fistulae, part 1. Benign lesions. Intervent Neuroradiol
3: 295–3002

63. DAVIES M 1997 The natural history and management of dural
arteriovenous fistulae, part 2. Aggressive lesions. Intervent Neuro-
radiol 3: 295–302

64. FARB R I, VANEK I, SCOTT J N et al. 2003 Idiopathic intracranial
hypertension: the prevalence and morphology of sinovenous steno-
sis. Neurology 13(60): 1418–1424

65. SKOROMETS A A, ERMOLENKO I N, BARBAS I M et al. 1991
[Efferent methods of the treatment of cerebrospinal fluid hyper-
tension in exacerbation of multiple sclerosis]. Zh Nevropatol Psikhiatr
Im S S Korsakova 91: 23–26

66. GREITZ D, GREITZ T 1997 The pathogenesis and hemodyna-
mics of hydrocephalus. A proposal for a new understanding. Int J
Neuroradiol 3: 367–375

67. BALEDENT O, HENRY-FEUGEAS M C, IDY-PERETTI I 2001
Cerebrospinal fluid dynamics and relation with blood flow: a mag-
netic resonance study with semiautomated cerebrospinal fluid seg-
mentation. Invest Radiol 36: 368–377

68. WILLIAMS D, LYNCH J, DOSHI V et al. 2010 Bruxism and
temporal bone hypermobility in patients with MS. 2nd Annual Sacro
Occipital Technique Research Conference, New Orleans, Louisi-
sana, 2010.

69. WU X R, SWAIMAN K F 1982 Reversible hydrocephalus caused by
bilateral jugular vein catheterization. Brain Dev 4: 397–400

70. YAMOUT B, HERLOPIAN A, ISSA Z et al. 2010 Extracranial
venous stenosis is an unlikely cause of multiple sclerosis. Mult Scler
16 (11): 1341–8

71. CENTONZE D, FLORIS R, STEFANINI M et al. 2011 Proposed
chronic cerebrospinal venous insufficiency criteria do not predict MS
risk nor MS severity. Ann Neurol 70: 51–8

Period biol, Vol 114, No 3, 2012. 391

Influence of CCSVI on demyelinating diseases P.Zamboni and Sandra Morovi}



72. ZAMBONI P, MENEGATTI E, WEINSTOCK-GUTTMAN B et
al. 2010 CSF dynamics and brain volume in multiple sclerosis are
associated with extracranial venous flow anomalies: a pilot study. Int
Angiol 29(2): 140–148

73. ZAHARCHUCK G, FISCHBEIN N J, ROSENBERG J et al. 2011
Comparison of MR and Contrast Venography of the Cervical Venous
System in Multiple Sclerosis. Am J Neuroradiol 32: 1482–1489

74. KROGIAS C, SCHRODER A, WIENDL H et al. 2010 »Chronic
cerebrospinal venous insufficiency« and multiple sclerosis: critical
analysis and first observationin an unselected cohort of MS patients
(article in German). Nervenarzt 81: 740–6

392 Period biol, Vol 114, No 3, 2012.

P.Zamboni and Sandra Morovi} Influence of CCSVI on demyelinating diseases




