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Embryological background of truncular venous malformation in the extracranial venous pathways as the cause of chronic cerebro spinal venous insufficiency

Lee A. B., Laredo J., Neville R.

Department of Vascular Surgery, Georgetown University Hospital, Washington DC, USA
The truncular venous malformation (VM) represents an embryologically defective vein where developmental arrest has occurred during the vascular trunk formation period in the ‘later stage’ of the embryonic development. A relatively simple truncular VM lesion such as a venous web at the hepatic venous outlet causes portal hypertension giving a profound damage/impact to the liver. A similar condition involving the head and neck venous system may cause chronic cerebro-spinal venous insufficiency (CCSVI) and may be involved in the development or exacerbation of multiple sclerosis.

language: English
Extracranial Doppler sonographic criteria of chronic cerebrospinal venous insufficiency in the patients with multiple sclerosis

Simka M. 1, Kostecki J. 2, Zaniewski M. 2,3, Majewski E. 2,3, Hartel M. 4

1 Department of Angiology, Private Healthcare Institution SANA, Pszczyna, Poland;
2 Department of General and Vascular Surgery, Regional Specialistic Hospital, Tychy, Poland;
3 Medical University of Silesia, Katowice, Poland;
4 Magnetic Resonance Imaging Department VOXEL, Medical University Hospital No 1, Zabrze, Poland
AIM: The aim of this open-label study was to assess extracranial Doppler criteria of chronic cerebrospinal venous insufficiency in multiple sclerosis patients.
METHODS: Seventy patients were assessed: 49 with relapsing-remitting, 5 with primary progressive and 16 with secondary progressive multiple sclerosis. The patients were aged 15-58 years and they suffered from multiple sclerosis for 0.5-40 years. Sonographic signs of abnormal venous outflow were detected in 64 patients (91.4%).
RESULTS: We found at least two of four extracranial criteria in 63 patients (90.0%), confirming that multiple sclerosis is stronghly associated with chronic cerebrospinal venous insufficiency. Additional transcranial investigations may increase the rate of patients found positive in our survey. Reflux in internal jugular and/or vertebral veins was present in 31 cases (42.8%), stenosis of internal jugular veins in 61 cases (87.1%), not detectable flow in internal jugular and/or vertebral veins in 37 cases (52.9%) and negative difference in cross-sectional area of the internal jugular vein assessed in the supine vs. sitting position in 28 cases (40.0%). Flow abnormalities in the vertebral veins were found in 8 patients (11.4%). Pathologic structures (membranaceous or netlike septa, or inverted valves) in the junction of internal jugular vein with brachiocephalic vein were found in 41 patients (58.6%), in 15 patients (21.4%) on one side only and in 26 patients (37.1%) bilaterally.
CONCLUSION: Multiple sclerosis is highly correlated with chronic cerebrospinal venous insufficiency. These abnormalities in the extracranial veins draining the central nervous system can exist in various combinations. The most common pathology in our patients was the presence of an inverted valve or another pathologic structure (like membranaceous or netlike septum) in the area of junction of the IJV with the brachiocephalic vein.

language: English
Internal jugular vein morphology and hemodynamics in patients with multiple sclerosis

Al-Omari M. H., Rousan L. A.

Radiology Department, King Abdullah University Hospital, Jordan University of Science and Technology, Jordan
AIM: The aim of this study is to compare the hemodynamics and the morphology of the internal jugular veins using Colour-Doppler and B-mode sonongraphy in multiple sclerosis patients (MS) and in controls.
METHODS: The internal jugular veins of 25 MS patients and 25 controls were examined using colour Doppler and B-mode ultrasound in sitting and supine positions, recording the changes in hemodynamics and the presence or absence of morphological changes. The presence of at least two of the extracranial Zamboni criteria in the same individual was considered positive for evidence of chronic cerebrospinal venous insufficiency (CCSVI).
RESULTS: According to the described criteria, 92% of the MS patients showed abnormal findings and 84% of them showed evidence of CCSVI, however; only 24% of controls showed abnormal findings, but none of them showed evidence of CCSVI (OR=7.25, 95% CI 2.92-18.01, P<0.0001).
CONCLUSION: Hemodynamic abnormalities and morphological changes involving the internal jugular vein are strongly associated with MS. These findings can be demonstrated by a non-invasive, cost effective Doppler ultrasound criteria.
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The reproducibility of colour Doppler in chronic cerebrospinal venous insufficiency associated with multiple sclerosis

Menegatti E. 1, Genova V. 1, Tessari M. 1, Malagoni A. M. 1, Bartolomei I. 2, Zuolo M. 1, Galeotti R. 1, Salvi F. 2, Zamboni P. 1

1 Vascular Diseases Centre, University of Ferrara, Italy;
2 Bellaria Neurosciences, Bellaria Hospital Bologna, Italy
AIM: Chronic cerebrospinal venous insufficiency (CCSVI) is a syndrome described in multiple sclerosis (MS) patients, characterized by stenosis of the main extracranial veins with hampered cerebral venous outflow. In the original description echo-colour Doppler demonstrated to be an ideal non invasive tool for screening CCSVI patients, but the reproducibility was not assessed. Aim of this study is to assess the variability coefficient between trained and in not trained echo-colour Doppler operators.
METHODS: Thirty-six (36) subjects, matched for age and gender, were subset in 3 groups (group A, 12 healthy controls, HC; group B, 12 multiple sclerosis patients, MS; group C, 12 patients with other neurological disease, OND) underwent echo-colour Doppler screening for CCSVI according to an original protocol previously described. The inter observer variability rate was assessed by comparing respectively trained vs not trained operators, and trained vs trained operators, by using the same echo-colour Doppler equipment. In addition, by scanning 15 subjects after one month from the first session, intra observer coefficient was also assessed in trained operator.
RESULTS: The inter observer variability rate between trained and not trained echo-colour Doppler operators, were not completely satisfactory (K coefficient 0.47 95% CI 0.27-0.68). To the contrary the inter observer agreement between trained operators was much more reliable (K coefficient 0.80 95% CI 0.59-1.01). Finally, the intra observer variability rate in trained operators was 0.93, (95% CI 0.80-1.06) confirming a highly satisfactory agreement.
CONCLUSION: Echo-colour Doppler is a powerful, non-invasive and reproducible tool for screening CCSVI-MS but it needs special training.

language: English
Use of neck magnetic resonance venography, Doppler sonography and selective venography for diagnosis of chronic cerebrospinal venous insufficiency: a pilot study in multiple sclerosis patients and healthy controls

Hojnacki D. 1, Zamboni P. 2, Lopez-Soriano A 3, Galleotti R. 2, Menegatti E. 2, Weinstock-Guttman B. 1, Schirda C. 3, Magnano C. 3, Malagoni A. M. 2, Kennedy C. 3, Bartolomei I. 2, Salvi F. 2, Zivadinov R. 1,3

1 The Jacobs Neurological Institute, State University of New York, Buffalo, NY, USA;
2 Vascular Diseases Center, University of Ferrara-Bellaria Neurosciences, Ferrara and Bologna, Italy;
3 Buffalo Neuroimaging Analysis Center, State University of New York, Buffalo, NY, USA
AIM: Chronic cerebrospinal venous insufficiency (CCSVI) is a vascular condition characterized by anomalies of primary veins outside the skull that restrict normal outflow of blood from the brain. CCSVI was recently described as highly prevalent in patients with multiple sclerosis (MS), and can be non-invasively diagnosed by Doppler sonography (DS) and invasively by selective venography (SV). The aim of this paper was to investigate the value of neck magnetic resonance venography (MRV) for the diagnosis of CCSVI compared to DS and SV in patients with MS and in healthy controls (HC).
METHODS: Ten MS patients and 7 HC underwent DS, 2D-Time-Of-Flight venography (TOF) and 3D-Time Resolved Imaging of Contrast Kinetics angiography (TRICKS). MS patients also underwent SV. The internal jugular veins (IJVs) and the vertebral veins (VVs) were assessed by both MRV sequences, and the findings were validated against SV and DS. SV has been considered the diagnostic gold standard for MS patients.
RESULTS: All MS patients and none of the HC presented CCSVI, according to the DS criteria. This was confirmed by SV. For CCSVI diagnosis, DS showed sensitivity, specificity, accuracy, PPV and NPV of 100%, whereas the figures were 40%, 85%, 58%, 80% and 50% for 3D-TRICKS, and 30%, 85%, 52%, 75% and 46% for 2D-TOF in the IJVs. In MS patients, compared to SV, DS showed sensitivity, specificity, accuracy, PPV and NPV of 100%, 75%, 95%, 94% and 100%, whereas the figures were 31%, 100%, 45%, 100% and 26% for 3D-TRICKS and 25%, 100%, 40%, 100% and 25% for 2D-TOF in the IJVs.
CONCLUSION: The use of MRV for diagnosis of CCSVI in MS patients has limited value, and the findings should be interpreted with caution and confirmed by other imaging techniques such as DS and SV.

language: English
CSF dynamics and brain volume in multiple sclerosis are associated with extracranial venous flow anomalies: a pilot study

Zamboni P. 1, Menegatti E. 1, Weinstock-Guttman B. 2, Schirda C. 3, Cox J. L. 3, Malagoni A. M. 1, Hojnacki D. 2, Kennedy C. 3, Carl E. 3, Dwyer M. G. 3, Bergsland N. 3, Galeotti R. 1, Hussein S. 3, Bartolomei I. 1, Salvi F. 1, Ramanathan M. 2,4 Zivadinov R.2,3

1 Vascular Diseases Center, University of Ferrara-Bellaria Neurosciences, Ferrara and Bologna, Italy;
2 The Jacobs Neurological Institute, State University of New York, NY, USA;
3 Buffalo Neuroimaging Analysis Center, State University of New York, NY, USA;
4 Department of Pharmaceutical Sciences, State University of New York, Buffalo, NY, USA
AIM: We previously reported unexpectedly robust associations between vascular haemodynamic (VH) anomalies in the principal extracranial cerebral veins, causing chronic cerebrospinal venous insufficiency (CCSVI), and multiple sclerosis (MS). Aim of this study was to investigate the relationship between the VH changes and MRI measures of MS disease severity in a cross sectional survey.
METHODS: The number of anomalous VH criteria were measured using an echo-color Doppler, whereas CSF flow, atrophy and lesion measures were obtained from quantitative magnetic resonance imaging (MRI) analysis in sixteen consecutive relapsing-remitting MS patients, (mean age: 36.1±SD 7.3 years, disease duration: 7.5±1.9 years and median EDSS: 2.5) and in 8 healthy controls (HC) with similar age and sex distributions.
RESULTS: All 16 MS patients investigated and none of the HCs met the VH criteria for CCSVI (P<0.0001). MS patients showed significantly lower net CSF flow compared to the HC (P=0.038) that was associated with number of anomalous VH criteria present (r=0.79, P<0.001). Moreover, increases in the number of anomalous VH criteria present were negatively associated with lower whole brain volume (Spearman R=-0.5, P=0.05).
CONCLUSION: VH changes occur more frequently in MS patients than controls. Altered VH is associated with abnormal CSF flow dynamics and decreased brain volume.

language: English
Iron stores and cerebral veins in MS studied by susceptibility weighted imaging

Haacke E. M. 1, Garbern J. 1, Miao Y. 2, Habib C. 1, Liu M. 1

1 Department of Radiology, Wayne State University, Detroit, MI, USA
2 Department of Radiology, the First Affiliated Hospital, Dalian Medical University, Dalian, China
AIM: In this paper, we seek to determine whether the iron deposition as seen by susceptibility weighted imaging (SWI) in the basal ganglia and thalamus of patients with multiple sclerosis is greater than the iron content measured in normal subjects (individuals unaffected by multiple sclerosis). As increased iron content may result from increased venous pressure, such information would add credence to the concept of Zamboni et al (1) that MS is caused by chronic cerebrospinal venous insufficiency.
METHODS: Fourteen MS patients were recruited for this study with a mean age of 38 years ranging from 19 to 66 year-old. A velocity compensated 3D gradient echo sequence was used to generate SW images with a high sensitivity to iron content. We evaluated iron in the following structures: substantia nigra, red nucleus, globus pallidus, putamen, caudate nucleus, thalamus and pulvinar thalamus. Each structure was broken into two parts, a high iron content region and a low iron content region. The measured values were compared to previously established baseline iron content in these structures as a function of age.
RESULTS: Twelve of fourteen patients had an increase in iron above normal levels and with a particular pattern of iron deposition in the medial venous drainage system that was associated with the confluence of the veins draining that structure.
CONCLUSION: Iron may serve as a biomarker of venous vascular damage in multiple sclerosis. The backward iron accumulation pattern seen in the basal ganglia and thalamus of most MS patients is consistent with the hypothesis of venous hypertension.

Chronic cerebrospinal venous insufficiency and iron deposition on susceptibility-weighted imaging in patients with multiple sclerosis: a pilot case-control study

Zivadinov R. 1,2, Schirda C. 1, Dwyer M. G. 1, Haacke M. E. 3, Weinstock-Guttman B. 2, Menegatti E. 4, Heininen-Brown M. 1, Magnano C. 1, Malagoni A. M. 4, Wack D. S. 1, Hojnacki D. 2, Kennedy C. 1, Carl E. 1, Bergsland N. 1, Hussein S. 1, Poloni G. 1, Bartolomei I. 4, Salvi F. 4, Zamboni P. 4

1 Buffalo Neuroimaging Analysis Center, University at Buffalo, Buffalo, NY, USA;
2 The Jacobs Neurological Institute, University at Buffalo, Buffalo, NY, USA;
3 Wayne State University, MR Research Facility, Department of Radiology, Detroit, MI, USA;
4 Vascular Diseases Center, University of Ferrara-Bellaria Neurosciences, Ferrara and Bologna, Italy
AIM: Chronic cerebrospinal venous insufficiency (CCSVI) is a vascular phenomenon recently described in multiple sclerosis (MS) that is characterized by stenoses affecting the main extracranial venous outflow pathways and by a high rate of cerebral venous reflux that may lead to increased iron deposition in the brain. Aim of this study was to investigate the relationship between CCSVI and iron deposition in the brain of MS patients by correlating venous hemodynamic (VH) parameters and iron concentration in deep-gray matter structures and lesions, as measured by susceptibility-weighted imaging (SWI), and to preliminarily define the relationship between iron measures and clinical and other magnetic resonance imaging (MRI) outcomes.
METHODS: Sixteen (16) consecutive relapsing-remitting MS patients and 8 age- and sex-matched healthy controls (HC) were scanned on a GE 3T scanner, using SWI.
RESULTS: All 16 MS patients fulfilled the diagnosis of CCSVI (median VH=4), compared to none of the HC. In MS patients, the higher iron concentration in the pulvinar nucleus of the thalamus, thalamus, globus pallidus, and hippocampus was related to a higher number of VH criteria (P<0.05). There was also a significant association between a higher number of VH criteria and higher iron concentration of overlapping T2 (r=-0.64, P=0.007) and T1 (r=-0.56, P=0.023) phase lesions. Iron concentration measures were related to longer disease duration and increased disability as measured by EDSS and MSFC, and to increased MRI lesion burden and decreased brain volume.
CONCLUSION: The findings from this pilot study suggest that CCSVI may be an important mechanism related to iron deposition in the brain parenchyma of MS patients. In turn, iron deposition, as measured by SWI, is a modest-to-strong predictor of disability progression, lesion volume accumulation and atrophy development in patients with MS.

Is chronic fatigue the symptom of venous insufficiency associated with multiple sclerosis? A longitudinal pilot study

Malagoni A. M. 1, Galeotti R. 1, Menegatti E. 1, Manfredini F. 1, Basaglia N. 2, Salvi F. 3, Zamboni P. 1

1 Vascular Diseases Center, University of Ferrara, Ferrara, Italy;
2 Department of Rehabilitation Medicine, S. Anna Hospital, Ferrara, Italy;
3 Department of Neurology, Multiple Sclerosis Center, Bellaria Hospital, Bologna, Italy
AIM: Chronic fatigue (CF) severely affects patients with multiple sclerosis (MS), but its pathogenesis remains elusive and the effectiveness of available treatments is modest. We aimed to evaluate the effect on CF of the balloon dilatation of stenosing lesions affecting the main extracranial veins configuring the chronic cerebrospinal venous insufficiency (CCSVI), a condition strongly associated with MS.
METHODS: Thirty-one MS consecutive patients (16 males, age 46.2±9.4 years) with associated CCSVI and CF underwent the endovascular procedure. Fatigue was assessed using the Fatigue Severity Scale (FSS) and Modified Fatigue Impact Scale (MFIS) at baseline (T0) and one (T1), six (T6) and twelve (T12) months after the procedure. In ambulatory patients (N.=28), mobility was evaluated using the 6-min walking test at T0 and T1.
RESULTS: and MFIS scores significantly improved from preoperative values, and the positive trend was maintained at one year (FSS: T0=5.1±1.0 to T12=3.5±1.8, P<0.001; MFIS-total score: T0=34.9±14.8 to T12=22.5±13.7, P<0.001; MFIS-Physical subscale: T0=21.2±8.0 to T12=13.5±9.7 P<0.001; MFIS-Cognitive subscale: T0=9.2±9.5 to T12=6.0±6.3, P=0.03; MFIS-Psychosocial subscale: T0=4.5±2.1 to T12=2.5±2.1, P<0.001). Six-min walking distance (6MWD) at T1 improved significantly (332±190m to 378±200m, P=0.0002). In addition, an inverted correlation between 6MWD and MFIS-physical subscale variations was found in the subgroup of patients (N.=8) with no lower limb motor impairment (r=-0.74, P=0.035).
CONCLUSION: The reestablishment of cerebral venous return dramatically reduced CF perception in a group of MS patients with associated CCSVI, suggesting that CF is likely the symptom of CCSVI.

Hemodynamic patterns of chronic cerebrospinal venous insufficiency in multiple sclerosis. Correlation with symptoms at onset and clinical course

Bartolomei I. 1, Salvi F. 1, Galeotti R. 2, Salviato E. 2, Alcanterini M. 1, Menegatti E. 3, Mascalchi M. 4, Zamboni P. 3

1 Center for Rare and Neuroimmunitary Diseases, Department of Neurological Science, Bellaria Hospital, Bologna, Italy;
2 Vascular and Interventional Radiology Unit, S.Anna Hospital, Ferrara, Italy;
3 Vascular Diseases Center, University of Ferrara, Italy;
4 Radiodiagnostic Section, Department of Clinical Physiopathology, University of Florence, Italy
AIM: Chronic cerebrospinal venous insufficiency (CCSVI) is associated with multiple sclerosis (MS). CCSVI is detected by transcranial and extracranial color-Doppler high-resolution examination (TCCS-ECD) and venography that permit to identify five types of venous malformations and four major (A-D) hemodynamic patterns of anomalous extracranial-extravertebral venous outflow. We investigated possible correlation between such hemodynamic patterns and both the symptoms at onset and clinical course in patients with MS and CCSVI.
METHODS: TCCS-ECD, selective venography and clinical records of 65 patients affected by definite MS and CCSVI were reviewed.
RESULTS: The four hemodynamic patterns of CCSVI were unevenly (P<0.0001) distributed with respect to the types of clinical presentation and course. In particular the Type A or B patterns were common in patients with onset of optic neuritis, but rare in patients presenting with spinal cord symptoms who typically showed a type D pattern. As well, the type A or type B hemodynamic were more common in patients with relapsing remitting course than in patients with secondary progressive course and rare in patients with primary progressive course. The C hemodynamic pattern was not observed in patients with primary progressive course who showed a remarkable prevalence of the type D pattern.
CONCLUSION: The distribution of venous malformations and the resulting hemodynamic pattern show correlation with symptoms at onset and clinical course in patients with MS and CCSVI.

Chronic cerebro-spinal venous insufficiency: report of transcranial magnetic stimulation follow-up study in a patient with multiple sclerosis

Plasmati R. 1, Pastorelli F. 1, Fini N. 1, Salvi F. 1, Galeotti R. 2, Zamboni P. 2

1 Department of Neurology, Bellaria Hospital, Bologna, Italy
2 Vascular Diseases Centre, University of Ferrara, Italy
The pyramidal pathway is frequently affected early on in multiple sclerosis (MS) and impaired motor performance is a major cause of disability. Pyramidal tract function can be assessed using transcranial magnetic stimulation (TMS). TMS supports the diagnosis of MS, detecting corticospinal tract involvement and monitoring its course with or without treatment. It has been never investigated whether any relationship exists between the TMS outcome measure and minimally invasive treatment of multiple severe extracranial stenosis, affecting the principal ce rebrospinal venous segments in MS patients. We report the clinical and transcranial magnetic stimulation follow-up of a patient during a relapse in relapsing-remitting MS. She underwent percutaneous balloon angioplasty of the associated chronic cerebrospinal venous insufficiency (CCSVI), due to membranous obstruction of the proximal azygous vein, with severe stenosis of the left internal jugular vein. Treatment of the associated CCSVI made a parallel improvement in both clinical and neurophysiological parameters, allowing us to avoid high dose steroid therapy. The relationship between the clinical and neurophysiological course on the one hand, and haemodynamic correction of the associated CCSVI on the other, calls for further exploration on a wider number of patients. The impact of CCSVI on the different neuro-physiological parameters has not been fully estimated, but the intriguing case here reported suggests that it may be greater than previously assumed. The demonstration of a modification of the cerebrovenous function with both clinical manifestation and via TMS suggests that the hampered cerebral venous return may contribute to the clinical course of MS.

