
Appendix 1 (as supplied by the authors): Exclusion criteria and details concerning protocols 

and criteria for gadolinium-enhanced magnetic resonance venography 

Exclusion criteria:  Participants were excluded from the study if they met any of the following 

conditions: coexistence of any disease other than multiple sclerosis that could be better explain 

their signs and symptoms; pregnancy; a prior history of jugular or subclavian central line 

insertion; prior history of chemotherapy, radiation therapy or stem cell transplantation; ongoing 

treatment with oral or parenteral anti-coagulation treatment, or a known history of thrombophilia 

or vasculopathy; and/or known contraindications to magnetic resonance imaging.  Healthy 

control participants were also excluded if they had a first degree relative with multiple sclerosis 

because the occurrence of multiple sclerosis as a diagnosis, and radiological evidence of the 

disease are known to be increased in these individuals.1,2  

Magnetic Resonance Imaging with Gadolinium Enhanced Venography Protocols:  Participants 

were imaged at 3 Tesla (Discovery 750; General Electric Healthcare, Waukesha, WI) with a 

head-neck vascular array coil.  The following sequences were acquired: two-dimensional axial 

T2 weighted imaging; two-dimensional Fluid Attenuated Inversion Recovery (FLAIR); three-

dimensional T2*-star-weighted Angiography (SWAN); pre- and post-gadolinium Spoiled 

Gradient Recalled (SPGR) sagittal T1 weighted imaging of head and neck; pre- and post-

gadolinium Rapid Gradient Echo (RAGE); and gadolinium-enhanced sagittal Time-Resolved 

Imaging of Contrast Kinetics (TRICKS) magnetic resonance venography.  All scans were 

performed by technologists blinded to the clinical status of participants.   
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Gadolinium Enhanced Magnetic Resonance Imaging and Venography Criteria for the Diagnosis 

of Chronic Cerebrospinal Venous Insufficiency: 

1. Multiple Sclerosis “Lesion Load:  This was graded according to the number of white

matter lesions identified on the conventional magnetic resonance imaging sequences

lesions as follows:  0, none; 1, mild (0 to 10);  2, moderate (11 to 30); 3, severe (more

than 31).  As part of the assessment, the number of the gadolinium-enhancing lesions,

evidence of lesional mass effect, and presence brain atrophy were determined.

2. Magnetic Resonance Venography Time-Resolved Imaging of Contrast Kinetics Features:

a. Evidence of right or left internal jugular vein dominance

b. Evidence of internal jugular vein flattening3 at cervical cord levels: C1 to C3; C4

to C5; and/or C6 to T1. The “internal jugular vein flattening scores” were

evaluated using Time-Resolved Imaging of Contrast Kinetics Features maximum

intensity projection images. Score assignments were as follows:  0, normal (0 to

25% narrowed); 1, mild flattening (25% to 50% narrowed); 2, moderate flattening

(50% to75% narrowed); and 3, (75 to 100%).

c. Evidence of collateral veins: The presence and severity of venous collaterals were

detected with the Time-Resolved Imaging of Contrast Kinetics Features

(TRICKS) maximum intensity projection images. Score assignments (as

described by McTaggart3) were as follows:  0, none (no collaterals seen in the

vertebral venous plexus and posterior paraspinal soft tissues of the upper neck); 1,

mild (collaterals present in the vertebral venous plexus and posterior paraspinal



soft tissues of the upper neck); 2, moderate (prominent collateral veins present in 

the vertebral venous plexus and posterior paraspinal soft tissues of the neck with 

clear insertion of the deep cervical vein on the low IJV near the confluence); 3, 

severe (same as 2, but with additional prominence of upper thoracic paraspinal 

collateral veins).  The right and left sides were scored separately for vein 

flattening and collateral vein scores. 

d. Evidence of intracranial venous stenosis: defined as: 0, normal (0%–25%

narrowed); 1, mild flattening (25%–50% narrowed); 2, moderate flattening (50%–

75% narrowed); and 3, absent, nearly absent, or pinpoint (75%–100%

narrowed).25

a. Evidence of transverse venous sinus dominance: determined by qualitatively

comparing the calibre between right and left.

2. Magnetic resonance imaging pre/post gadolinium- Rapid Gradient Echo measures of

internal jugular vein compression by transverse processes at C1 to C3; C4 to C6; C7 to

T1

3. Magnetic resonance imaging evidence of masses or enlarged lymph nodes in the head

and neck
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