POINT OF VIEW

Chronic Cerebrospinal Venous
Insufficiency and Multiple Sclerosis
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A chronic state of impaired venous drainage from the central nervous system, termed chronic cerebrospinal venous
insufficiency (CCSVI), is claimed to be a pathologic phenomenon exclusively seen in multiple sclerosis (MS). This
has invigorated the causal debate of MS and generated immense interest in the patient and scientific communities.
A potential shift in the treatment paradigm of MS involving endovascular balloon angioplasty or venous stent
placement has been proposed as well as conducted in small patient series. In some cases, it may have resulted
in serious injury. In this Point of View, we discuss the recent investigations that led to the description of CCSVI
as well as the conceptual and technical shortcomings that challenge the potential relationship of this phenomenon
to MS. The need for conducting carefully designed and rigorously controlled studies to investigate CCVSI has been
recognized by the scientific bodies engaged in MS research. Several scientific endeavors examining the presence
of CCSVI in MS are being undertaken. At present, invasive and potentially dangerous endovascular procedures as
therapy for patients with MS should be discouraged until such studies have been completed, analyzed, and
debated in the scientific arena.
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Recently, the topic of chronic cerebrospinal venous in-
sufficiency (CCSVI) and its potential relationship to
multiple sclerosis (MS) has generated tremendous interest
in the news media, spilling over to the patient and scien-
tific communities. Described as a state of chronic im-
paired venous drainage from the central nervous system
(CNS), the emergence of CCSVI with respect to MS is
based on the work done by Zamboni and colleagues.'
This was followed by a small open-label study conducted
to study the effect of endovascular angioplasty in MS pa-
tients with CCSVL? Prompted by this series of events,
this Point of View will review available information on
CCSVI, its potential relationship to MS pathology, and
what further research needs to be undertaken while keep-
ing patient safety foremost.

Transcranial ~ color-coded  Doppler  sonography
(TCCS) is a technique that superimposes a color-coded
image of blood flow of intracranial vessels on a gray scale
image to evaluate intracranial veins. By combining TCCS
and extracranial color-Doppler sonography (ECD), Zam-
boni and colleagues studied 109 MS patients and 177
matched controls.” Based on venous flow parameters es-
tablished in their laboratory, they found 288 normal and
257 anomalous TCCS-ECD parameters in MS patients.
In contrast, 861 normal and 24 anomalous parameters
were seen in control subjects. The authors focused in par-
ticular on 5 anomalous parameters of cerebral venous
drainage: (1) reflux in the internal jugular (IJV) and ver-
tebral veins (VV), (2) reflux in the deep cerebral veins, (3)

high-resolution B-mode evidence of IJV stenosis, (4) flow

Published online in Wiley InterScience (www.interscience.wiley.com). DOI: 10.1002/ana.22001

Received Jan 12, 2010, and in revised form Feb 3. Accepted for publication Feb 5, 2010.

Address correspondence to Dr Khan, Multiple Sclerosis Center and Image Analysis Laboratory, Department of Neurology, Wayne State University
School of Medicine, 4201 St Antoine, 8A-UHC, Detroit, Ml 48323. E-mail: okhan@med.wayne.edu

From the 'Multiple Sclerosis Center, Department of Neurology, Wayne State University School of Medicine, Detroit, MI; ?Neuroimaging Research
Unit, Scientific Institute and University Hospital San Raffaele, Milan, Italy; *Multiple Sclerosis Research Unit, Ottawa Hospital General Campus,
University of Ottawa, Ottawa, Ontario, Canada; “Department of Radiology and Amsterdam MS Center, VU University Medical Center,
Amsterdam, the Netherlands; *Center for Brain Research, Medical University of Vienna, Vienna, Austria; ®Department of Neurosciences, Lerner
Research Institute, Cleveland Clinic, Cleveland, OH; ’Montreal Neurological Institute, McGill University, Montreal, Quebec, Canada; ®Department
of Radiology, Wayne State University School of Medicine, Detroit, MI; and “Mallinckrodt Institute of Radiology, Washington University School of
Medicine, St. Louis, MO.

286 © 2010 American Neurological Association



not detectable by Doppler in the IJV and/or the VV, and
(5) reverted postural control of the main cerebral venous
outflow pathways. They claimed that these parameters
were not seen in normal subjects, although others have
reported 1JV valve insufficiency in 29 to 38% of healthy
volunteers under pressure-controlled maneuvers.* In the
study by Zamboni and colleagues,' the presence of at least
two of these anomalous parameters in a single subject was
defined as abnormal. They reported that only MS patients
and not controls met the criteria for abnormal extracranial
cerebral venous outflow. This observation perfectly over-
lapped with the diagnosis of MS, with a reported 100%
sensitivity, 100% specificity, 100% positive predictive
value, and 100% negative predictive value. These findings
could reflect spectrum bias, which occurs when a diagnos-
tic test is assessed under sampling conditions that are not
clinically representative.® Moreover, it is difficult to deter-
mine flow in the deep cerebral veins using ultrasound be-
cause the angle of insonation is >60°. There is also the
potential of interference arising from the pulsation signal
of the posterior communicating artery located adjacent to
the draining jugular sinuses. In a separate study by Zam-
boni and colleagues, 65 MS patients and 235 controls un-
derwent TCCS-ECD.! Whereas the technician and the
interpreting physician were blinded to the diagnosis, it is
not clear whether the performing sonographer was
blinded to the diagnosis. The authors report that they
were able to separate 100% of MS patients from controls.
All 65 MS patients, as part of a nonblinded substudy,
underwent selective catheterization of the IJV and azygous
veins (AV)." They found that IJV and AV were stenosed
in 91% and 86% of the patients, respectively. More re-
cently, percutaneous transluminal angioplasty was per-
formed in these 65 MS patients, who were then followed
for up to 18 months.” During this period, it was deter-
mined that some of the clinical outcomes were improved,
mostly in the relapsing-remitting MS cohort (35/65).
However, the small sample size, lack of controls, un-
blinded neurologic evaluations, significant restenoses of
47% of IJV, and inconsistent magnetic resonance imaging
(MRI) protocols limit the interpretation of their data.
Due to high restenosis rate, they suggested that a “logical
alternative would be stent insertion.” Furthermore, all
patients remained on their disease-modifying therapies,
making any interpretation of “efficacy” even more tenu-
ous. In a separate publication, the same investigators im-
ply that CCSVI causes venous reflux leading to iron
buildup in the brain, which may be a primary event in
the MS disease pathology, triggering subsequent inflam-
matory injury to the CNS.” The potential role of in-
creased iron deposition and iron-mediated injury to the
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CNS is not exclusive to MS and is well-documented in
many neurological disorders, particularly neurodegenera-
tive diseases.>” Yet CCSVI was never observed in the
“other neurologic disease” controls studied by Zamboni
and colleagues, which included Alzheimer’s disease, Par-
kinson’s disease, and amyotrophic lateral sclerosis.'

The results reported by Zamboni and colleagues
have raised many questions regarding the cause of MS,
and how it may be treated based on the theory of CCSVIL
This necessitates carefully conducted and dispassionate re-
search exploring the possibility that CCSVI might indeed
contribute to the pathogenesis of MS. The intracranial
venous return has not been routinely investigated by
TCCS in the normal population. The work done by
Zamboni and colleagues,' although innovative, is limited
by the lack of discussion of TCCS technique and the ab-
sence of a reference standard, such as MRI, for intracra-
nial vascular evaluation. The vessels evaluated by Zam-
boni and colleagues included the extracerebral veins (VV
and IJV) and at least one of the deep cerebral veins (basal
vein of Rosenthal, great vein of Galen, or internal cerebral
veins). This approach introduces variation into the results,
because ideally, all 3 deep cerebral veins should have been
examined. In a prior study by the same investigators, they
noted that the main parameters of TCCS investigation of
the intracranial veins are the flow parameters, such as flow
direction, flow velocity, and resistive index.'® However,
these parameters do not appear to have been evaluated in
their CCSVI study in MS patients." Lack of MRI for ex-
amining the intracranial vessels and lesion distribution did
not allow the evaluation of the plaques’ topography with
the refluxing veins. These limitations necessitate a more
cautious interpretation of their findings. It also makes the
robustness of this approach to investigate intracranial ve-
nous return unclear.

Several well-known features of MS, including the
autoimmune nature of the disease involving complex T-
and B-cell-mediated responses,'’ challenge CCSVI as the
etiology of MS or as contributing to the disease patho-
physiology. Is the presence of cranial venous outflow ste-
nosis and formation of substitute venous circulation cir-
cles, largely a phenomenon observed in women, as nearly
two-thirds of the MS patients are women?'? Interestingly,
most other systemic autoimmune diseases also show
greater prevalence in women than men, although stagnant
venous outflow may not be germane to the known pa-
thology of those diseases such as lupus and rheumatoid
arthritis.'” Being a vascular phenomenon, it would be log-
ical to expect a chronically stagnant venous flow from the

CNS only to get worse and more prevalent over time. Yet
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the incidence of MS becomes rare at age 50 years and
older.'

Several genetic susceptibility factors for MS have
been identified, including major histocompatibility com-
plex (MHC) and non-MHC loci.””> The presence of
HLA-DR?2 increases the risk of developing MS and other
autoimmune disorders, primarily through association with
T-cell-mediated responses.'®'” However, there are no
data to suggest how these allelic expressions may alter ce-
rebrospinal venous flow, if that is hypothesized to be the
underlying pathology leading to the development of MS.
It is also well known that genetic predisposition alone
cannot explain the significant differences in risk among
people of common ancestry who migrate to areas of high
or low MS prevalence.'® The geographic distribution of
MS and the resultant change in risk among migrant pop-
ulations provide strong evidence in support of environ-
mental risk factors for developing MS.'”*° Data related
to sunlight exposure in association with low vitamin D
level and immune response to Epstein-Barr virus infection
are associated with a higher risk of developing MS in the
pediatric clinically isolated syndrome (CIS) population,
challenging the hypothesis that MS is more likely to be a
consequence of venous stasis.”"** Several lines of evidence
suggest that MS pathogenesis includes an environmental
trigger that first primes the immune system and then ini-
tiates an immune response to unknown CNS antigens,
including myelin antigens.”>** However, currently there
is no precedence for reduced venous drainage and induc-
tion of an organ-specific immune response. Other his-
topathologic studies have shown early loss of oligodendro-
cytes in active MS lesions and the absence of lymphocytes
in the perivascular spaces as key features of MS patholo-
gy.”> The contribution of CCSVI to this observation is
also unclear.

Venous occlusion secondary to flow disturbances is
characterized by hemorrhagic and ischemic infarctions,
and edema associated with increased intracranial pres-
sure.”® These features are not typically seen in the brain
or spinal cord of MS patients. Furthermore, the wide-
spread primary demyelination, characteristic for both
white and gray matter lesions in MS patients,” is not
present in conditions of acute or chronic venous brain
disease. However, more subtle chronic alterations of ve-
nous blood flow could theoretically augment tissue injury
in MS. A disturbance of venous outflow may increase
pressure within the venous drainage pathways. This is
likely to facilitate the exit of inflammatory cells from the
venous circulation to gain entry into the CNS, and am-
plify perivenous inflammation. However, it was recently

shown that in the late stages of MS, inflammation may
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die out and decline to levels seen in age-matched con-
trols.”® This would not be the case if impaired venous
drainage was the primary pathology in MS, because it
would be expected to increase with time and age. In
CCSVI, the retinal and ophthalmic venous systems that
ultimately drain into the internal jugular veins are likely
to have impaired venous drainage. Whereas optic neuritis
is a common clinical occurrence in MS, venous stasis ret-
inopathy is not. The latter represents the earliest stages of
chronic ocular ischemia, characterized by a variety of ret-
inal hemorrhages.”® In contrast, retinal nerve fiber layer
atrophy is a well-recognized feature of MS.*® It would not
be logical to disassociate one form of retinal injury from
the other, if all are a result of impaired ocular venous
drainage.

Also suggested by Zamboni et al,' chronic ineffi-
cient venous drainage from the azygous vein accounts for
the clinical manifestations of spinal cord involvement in
MS, that is, recurrent episodes of transverse myelitis and
progressive myelopathy. Histopathologic studies show
both axonal loss and demyelination in the spinal cord in
MS,?*"*? but not the typical features expected from raised
intraluminal venous pressure.”® Furthermore, the venous
drainage of the spinal cord is complex and comprised of
at least 4 distinct intercommunicating systems: (1) intrin-
sic small capillary veins, (2) extrinsic veins (including pial,
collector, and radicular veins), (3) internal vertebral ve-
nous plexus, and (4) external vertebral venous plexus.33
These venous systems communicate with occipital, basi-
lar, vertebral, intercostal, lumbar, and lateral sacral
veins.>* The intramedullary veins drain the spinal cord
parenchyma and also participate in extensive transmedul-
lary anastomoses.””> The lumbar veins also communicate
with the inferior vena cava. Cadaver studies have shown
that venous reflux through the radicular veins appears to
be a physiologic phenomenon, with a regulatory mecha-
nism protecting the spinal cord from high venous pres-
sure.>® The complex venous drainage system of the spinal
cord inherent with extensive protective communicating
systems makes chronic venous insufficiency of the azygous
vein unlikely to be responsible for the clinical and his-
topathologic features of spinal cord involvement in MS.

Increased cerebral venous pressure occurs in central
venous thrombosis, idiopathic intracranial hypertension,
pulmonary hypertension, and chronic obstructive pulmo-

36-38 yvet none of these disorders is associated

nary disease,
with MS or poses a risk of developing MS. Interestingly,
transient global amnesia is well known to occur in asso-
ciation with jugular venous insufficiency,’®*® but is not a
feature of MS. Radical neck dissection is a standard sur-

gical procedure in the management of head and neck can-

Volume 67, No. 3



cer, which besides extensive malignant and nonmalignant
tissue removal, removes all jugular veins and associated
lymph nodes en bloc.*' MS and related inflammatory de-
myelinating disorders of the CNS have never been re-
ported as complications of radical neck dissection in over
a century since the original description of this procedure
in 1906.** Brain MRI scan obtained several weeks after
bilateral internal and external jugular venous ligation did
not reveal any lesions or parenchymal abnormalities,*
and brain MRI scans in the long-term follow-up of pa-
tients who have previously undergone radical neck dissec-
tion have not shown any pathology suggestive of MS
(personal observations, 1.Z.). The cerebrospinal venous ar-
chitecture is a highly complex and evolved system of ve-
nous blood flow with numerous variations, collaterals,
and even the possibility of a watershed zone separating
the periventricular venous drainage from the deep white
matter venous flow.***> This raises further questions re-
garding the results of the study by Zamboni et al,’ who
claim the ability to completely (100%) distinguish MS
patients from controls with TCCS-ECD criteria estab-
lished in their laboratory.

These and many other arguments that challenge the
theory of CCSVI proposed by Zamboni and colleagues
should lead to a constructive scientific debate. There is also
the possibility that the development of venous flow abnor-
malities may be secondary to other disease processes in MS.
This could be partly addressed by examining patients for
the presence of CCSVI in the earliest stages of the disease,
that is, CIS or children with MS. The role of the auto-
nomic nervous system and the technical variations in the
application of transcranial Doppler (TCD) studies as it
may apply to MS have to be carefully considered.**=*® Fu-
ture TCD studies should involve multiple sites, to over-
come the well-known limitations of single site studies, es-
pecially in the application and acceptance of abnormal
parameters of cerebrospinal venous flow, because there is
no published consensus on standardized criteria for normal
venous return using ECD-TCCS. Studies employing mag-
netic resonance venography (MRV) to examine venous ste-
nosis in MS will have to examine both caliber and hemo-
dynamic flow abnormalities, as well as determine the
significance of these potential findings. In contrast to stud-
ies examining carotid artery stenosis and its clinical signif-
icance,®>>° there are no such data for IJV or AV. Meticu-
lously conducted MRV studies from multiple centers may
be needed to provide insight into CCSVI and its potential
relationship with MS. The inclusion of a carefully selected

control population in these studies cannot be overempha-

sized. Correlation of CCSVI with the well-established clin-
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ical, immunologic, histopathologic, and imaging features of
MS needs to be investigated.

It is critical not to compromise patient safety during
the conduct of these research endeavors. Anecdotal reports
have indicated that endovascular procedures including
placement of stents in the IJV have been carried out in MS
patients as a clinical treatment procedure, and in some
cases have led to serious injury. Potentially fatal outcomes
including migration of the venous stent into the heart and
perforation of the ascending aorta are uncommon but
known complications of venous stent insertions.”">* Any
invasive endovascular procedures including angioplasty and
venous stent placement should be discouraged until there is
conclusive evidence to justify their indication in MS.

We thank Drs Kumar Rajamani, John Kambolz, Scott
Millis, Mike Wattjes, Chris Polman, and Sami Harik for
their helpful comments and critical review of the manu-
script.

References

1. Zamboni P, Galeotti R, Menegatti E, et al. Chronic cerebrospinal
venous insufficiency in patients with multiple sclerosis. J Neurol
Neurosurg Psychiatry 2009;80:392-399.

2. Zamboni P, Galeotti R, Menegatti E, et al. A prospective open-
label study of endovascular treatment of chronic cerebrospinal
venous insufficiency. J Vasc Surg 2009;50:1348-1358.

3. Zamboni P, Menegatti E, Galeotti R, et al. The value of cerebral
venous haemodynamics in the assessment of multiple sclerosis.
J Neurol Sci 2009;282:21-27.

4. Nedelmann M, Eicke BM, Dietrich M. Functional and morpho-
logical criteria of internal jugular valve insufficiency as assessed
by ultrasound. J Neuroimaging 2005;15:70-75.

5. Akkawi NM, Agosti C, Borroni B, et al. Jugular valve
incompetence: a study using air contrast ultrasonography on a
general population. J Ultrasound Med 2002;21:747-751.

6. Knottnerus J, Buntinx F, eds. The evidence base of clinical
diagnosis: theory and methods of diagnostic research. 2nd ed.
Hoboken, NJ: Wiley-Blackwell, 2009.

7. Singh AV, Zamboni P. Anomalous venous blood flow and iron
deposition in multiple sclerosis. J Cereb Blood Flow Metab
2009;29:1867-1878.

8. Benarroch EE. Brain iron homeostasis and neurodegenerative dis-
ease. Neurology 2009;72:1436-1440.

9. Zecca L, Youdim MB, Riederer P, et al. Iron, brain ageing and
neurodegenerative disorders. Nat Rev Neurosci 2004;5:863-873.

10.  Menegatti E, Zamboni P. Doppler hemodynamics of cerebral ve-
nous return. Curr Neurovasc Res 2008:5:260-265.

11. McFarland HF, Martin R. Multiple sclerosis: a complicated picture
of autoimmunity. Nat Immunol 2007;9:913-919.

12. Orton SM, Herrera BM, Yee IM, et al. Sex ratio of multiple sclerosis
in Canada: a longitudinal study. Lancet Neurol 2006;5:932-936.

13. Gleicher N, Barad DH. Gender as risk factor for autoimmune
diseases. J Autoimmun 2007;28:1-6.

14.  Koch-Henriksen N. The Danish Multiple Sclerosis Registry: a 50-
year follow-up. Mult Scler 1999;5:293-296.

289



ANNALS of Neurology

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

290

De Jager PL, Jia X, Wang J, et al. Meta-analysis of genome
scans and replication identify CDé, IRF8, and TNRSF1A as new
multiple sclerosis susceptibility loci. Nat Genet 2009;41:776-782.

Madsen LS, Andersson EC, Jansson L, et al. A humanized model
for multiple sclerosis using HLA-DR2 and human T-cell receptor.
Nat Genet 1999;23:343-347.

Caillier SJ, Briggs F, Cree BA, et al. Uncoupling the roles of
HLA-DRB1 and HLA-DRBS5 genes in multiple sclerosis. J Immunol
2008;181:5473-5480; erratum 2009;182:2551.

Gail CR, Martyn CN. Migrant studies in MS. Prog Neurobiol
1995,;47:425-448.

Ascherio A, Munger KL. Environmental risk factors for multiple
sclerosis. Part |: The role of infection. Ann Neurol 2007;61:
288-299.

Ascherio A, Munger KL. Environmental risk factors for multiple scle-
rosis. Part Il: Noninfectious factors. Ann Neurol 2007;61:504-513.

Banwell B, Krupp L, Kennedy J, et al. Clinical features and viral
serologies in children with multiple sclerosis: a multinational ob-
servational study. Lancet Neurol 2007;6:773-781.

Islam KTS, Gauderman JW, Cozen W, Mack TM. Childhood sun-
exposure modified risk of multiple sclerosis among monozygotic
twins. Ann Neurol 2006;60:S38.

Weiner HL. The challenge of multiple sclerosis: how do we cure
a chronic heterogeneous disease? Ann Neurol 2009;65:239-248.

Genain CP, Cannella B, Hauser SL, Raine CS. Identification of
autoantibodies associated with myelin damage in multiple scle-
rosis. Nat Med 1999;5:170-175.

Henderson APD, Barnett MH, Parratt JDE, Prineas JW. Multiple
sclerosis: distribution of inflammatory cells in newly forming le-
sions. Ann Neurol 2009;66:739-753.

Ferrer |, Kaste M, Kalimo H. Vascular diseases. In: Love S, Louis
DN, Ellison DW (eds). Greenfield's neuropathology . Vol 1. Lon-
don, UK: Hodder Amold, 2008:121-240.

Bo L, Vedeler CA, Nyland H, et al. Intracortical multiple sclerosis
lesions are not associated with increased lymphocyte infiltration.
Mult Scler 2003;9:323-331.

Frischer JM, Bramow S, Dal-Bianco A, et al. The relationship
between inflammation and neurodegeneration in multiple sclero-
sis brains. Brain 2009;132:1175-1189.

Venous stasis retinopathy in symptomatic carotid artery occlu-
sion. Prevalence, cause, and outcome. Stroke 2002;33:695-701.

Siger M, Dziegielewski K, Jasek L, et al. Optical coherence to-
mography in multiple sclerosis: thickness of the retinal nerve fi-
ber layer as a potential measure of axonal loss and brain atro-
phy. J Neurol 2008;255:1555-1560.

Trapp BD, Peterson J, Ransohoff RM, et al. Axonal transection in
the lesions of multiple sclerosis. N Engl J Med 1998;338:278-285.

Tallantyre EC, Bo L, Al-Rawashdeh O, et al. Greater loss of ax-
ons in primary progressive multiple sclerosis plaques compared
to secondary progressive disease. Brain 2009;132:1190-1199.

Lasjaunias P, Berenstein A. Surgical neuroangiography. Part 3.
Functional vascular anatomy of brain, spinal cord and spine. Ber-
lin, Germany: Springer-Verlag, 1990.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

van Der Kuip M, Hoogland PVJM, Groen RJM. Human radicular
veins: regulation of venous reflux in the absence of valves. Anat
Rec 1999;254:173-180.

Beckse T, Nelson PK. The vascular anatomy of the vertebro-
spinal axis. Neurosurg Clin N Am 2009;20:259-264.

Masuhr F, Einhaupl K. Treatment of cerebral venous and sinus
thrombosis. Front Neurol Neurosci 2008;23:132-143.

Friedman DI, Jacobson DM. Idiopathic intracranial hypertension.
J Neuroophthalmol 2004;24:138-145.

Doepp F, Bahr D, John M, et al. Internal jugular vein valve
incompetence in COPD and primary pulmonary hypertension.
J Clin Ultrasound 2008;36:480-481.

Sander D, Winbeck K, Etgen T, et al. Disturbance of venous flow
patterns in patients with transient global amnesia. Lancet 2000;
356:1982.

Lewis SL. Aetiology of transient global amnesia. Lancet 1998;
352:397-399.

Beahrs, OH. Surgical anatomy and technique of radical neck dis-
sections. Surg Clin N Am 1977;57:663-702.

Crile, G. Excision of cancer of head and neck. JAMA 1906;47:
1780-1786.

Ensari S, Kaptanoglu E, Tun K, et al. Venous outflow of the brain
after bilateral complete jugular ligation. Turk Neurosurg 2008;18:
56-60.

Stoquart-Elsankari S, Lehmann P, Villette A, et al. A phase-
contrast MRI study of physiologic cerebral venous flow. J Cereb
Blood Flow Metab 2009;29:1208-1215.

Andeweg J. The anatomy of collateral venous flow from the
brain and its value in etiological interpretation of intracranial pa-
thology. Neuroradiology 1996;38:621-628.

McDougall AJ, McLeod JG. Autonomic nervous system function
in multiple sclerosis. J Neurol Sci 2003;215:79-85.

Stolz E, Kaps, Kern A, et al. Transcranial color-coded duplex
sonography of intracranial veins and sinuses in adults. Reference
data from 130 volunteers. Stroke 1999;30:1070-1075.

Schreiber SJ, Stolz E, Valdueza JM. Transcranial ultrasonography
of cerebral veins and sinuses. Eur J Ultrasound 2002;16:59-72.

North American Symptomatic Carotid Endarterectomy Trial Col-
laborators. Beneficial effect of carotid endarterectomy in symp-
tomatic patients with high-grade carotid stenosis. N Eng J Med
1991,325:445-453.

Runck F, Steiner RP, Bautz WA, Lell MM. MR imaging: influence of
imaging technique and postprocessing on measurement of internal
carotid artery stenosis. Am J Neuroradiol 2008;29:1736-1742.

Taylor JD, Lehmann ED, Belli AM, et al. Strategies for the man-
agement of SVC migration into the right atrium. Cardiovasc In-
tervent Radiol 2007;30:1003-1009.

Kappert U, Schulz CG, Waldow T, et al. Perforation of the as-
cending aorta: a late complication of superior vena cava stent-
ing. Thorac Cardiovasc Surg 2006;54:63-65.

Volume 67, No. 3



