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Abstract

Background—To determine if extracranial venous structural and flow abnormalities exist in
patients with multiple sclerosis (MS).

Methods—Magnetic resonance imaging was used to assess the anatomy and function of major
veins in the neck in 138 MS patients and 67 healthy controls (HC). Time-of-flight (TOF) MR
angiography (MRA) was used to assess stenosis while 2D phase contrast flow quantification
(PCFQ) was used to assess flow at the C2/C3 and C5/C6 levels. Venous flow was hormalized to
the total arterial flow. The MS patients were divided into stenotic and non-stenotic groups based
on MRA assessment, and each group was compared to the HC group in anatomy and flow.

Results—The MS group showed lower normalized internal jugular vein (1JV) blood flow
(tlJV/tA) than the HC group (p < 0.001). In the MS group, 72 (52%) evidenced stenosis (ST)
while 66 (48%) were non-stenotic (NST). In the HC group, 11 (23%) showed a stenosis while 37
(77%) were non-stenotic. The ST-MS group had lower 13V flow than both HC and NST-MS
groups.

Conclusion—After categorizing the MS population into two groups based upon anatomical
stenosis determined from an absolute quantification of 1JV cross-section, clear differences in 1JV
flow between the stenotic MS and HC samples became evident. Despite the unknown etiology of
MS, abnormal venous flow was noted in a distinct group of MS patients compared to HC.
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Background

Methods

Recent findings suggest that structural and flow abnormalities in the extra-cranial
vasculature may be comorbid in patients with multiple sclerosis (MS) [1]. Diagnosis of MS
relies on both clinical symptoms and the appearance of demyelinating, inflammatory
plaques on magnetic resonance imaging (MRI) of the central nervous system [2]. Despite
significant progress in pharmaceutical intervention, treatment of MS patients remains a
challenge without a clear understanding of the disease etiology.

Since the seminal finding by Charcot [3], attention has been drawn to the venocentricity of
MS lesions[4—6]. However, the role of the venous system and its abnormalities in MS
remains unclear. In one of the earliest studies of its kind, treatment of stenotic veins
improved the condition of patients affected by paraplegia or quadriplegia [7]. More recently,
reduced venous blood flow in major extracranial veins, such as the internal jugular (1JV),
vertebral, and azygous, has been called cerebrospinal venous insufficiency (CCSVI). This
condition was first documented using ultrasound [8] but has since been inconsistently
observed, in all likelihood due to the poor reliability of the method [9-13]. Further, imaging
the entire vasculature simultaneously is not possible with ultrasound.

These shortcomings can be alleviated by MRI, which can provide a user-independent means
to assess the entire vasculature and to quantify flow in MS patients. The goal of this paper
was to quantify and evaluate the anatomy and flow characteristics of the 1JV in MS patients
and healthy controls (HC), and to further identify differences related to stenosis. We
hypothesized that MRI would provide a set of reliable indices of venous flow that would
discriminate MS patients (or a subgroup with stenosis) from HC.

MRI data were collected at two imaging sites with institutional review board approval. MS
subjects were recruited at site 1 prior to seeking potential vascular intervention and HC were
recruited at site 2. All MS patients were imaged on a 3T TRIO Scanner (Siemens, Erlangen,
Germany) and all HC were imaged on a 3T VERIO Scanner (Siemens, Erlangen, Germany)
both with a 16 channel head/neck coil. The imaging technicians had 14 years and 22 years of
experience at site 1 and site 2, respectively. The sample consisted of 138 MS patients, mean
age 48.6 years [standard deviation (SD) = 11.5 years] and 67 HC, mean age 39.0 years (SD
= 13.2 years). The MS group was older than the HC group, t(203) = -5.35, p < 0.001,
although the HC were sex-matched with the MS patients (x2 = 2.59, p = 0.1). Disease
duration for the MS group was 12.4 years (SD = 9.1 years) and similar between types of
MS, F(1, 32) = 1.17, p = 0.27. The MS patients were clinically classified as follows: 110
relapsing remitting (RR-MS), 17 secondary progressive (SP-MS), and 11 primary
progressive (PP-MS). Additional information about subject demographics and MS type
appears in Table 1.

Self-referred MS patients seeking possible treatment for CCSVI were included in this study
between January, 2012 and March, 2013 at site 1. MS was diagnosed by the patient’s
primary care physician or by neurologist via clinical examination, prior neurological
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imaging, or spinal tap. Inclusion criteria for the HC and MS subjects were: males and
females between 18 and 90 years of age capable of comprehending the nature of the study,
including the risks and benefits and the ability to execute an informed consent. MS subjects
were excluded if they had any contra-indicated implant(s), history of hypertension, previous
vascular intervention, presence of hypercoagulable state as well as special populations,
including: prisoners, pregnant women, and cognitively-impaired individuals who were
unable to provide informed consent. HC were excluded if they had a history of diabetes,
chronic renal disease, a prior known psychiatric or neurological disorder, or substance
abuse; currently receiving chemotherapy, on dialysis or any known contraindication to MRI
such as a pacemaker or implanted device; or if females were pregnant or nursing. Some HC
were part of a study which did not include contrast: for the HC who underwent contrast-
enhanced venography, subjects were excluded if they were allergic to MRI contrast, or have
moderate to severe Kidney disease with impaired ability to filter contrast agents (serum
creatinine > 1.8 mg/dL);

The MR scanning protocol for the HC and MS patients included conventional imaging and a
comprehensive evaluation of the head and neck vasculature. The latter included coronal 3D
time-resolved contrast-enhanced (CE) MR arteriovenography, transverse 2D time-of-flight
(TOF) venography and 2D phase-contrast (PC) flow quantification. Imaging sequence
parameters for Siemens scanners have been published [1, 14]. The PC-MRI images were
acquired perpendicular to the 1JVs at two levels: the C2/C3 level, which is at the disc
between C2 and C3 vertebrae, superior to the carotid bifurcation and intersects the 1JV
inferior to the jugular foramen; and the cervical vertebrae 5-6 (C5/C6) level, which is at the
disc between the C5 and C6 vertebrae, superior to the confluence of the 1JV with the
subclavian veins and inferior to the common carotid artery (CCA) bifurcation. It is also
necessary to position the C2/C3 slice such that the vertebral arteries (VA) do not run in-
plane with the slice. A maximum velocity encoding of 50 cm/sec was used at both sites. The
head was secured with head coil restraints resting on the subject’s forehead and a neck pad/
pillow positioned to subject’s comfort. Out of the 67 HC, 19 were part of a study that
collected only PC-MRI flow data and did not have venography data.

To test the consistency of phase contrast flow measurements, PC-MRI for one subject was
collected by acquiring the data with the head tilted laterally at the following angles: 0°, =
10° and + 20°. The neutral position (0°) was collected multiple times to validate
consistency. The same procedure was collected four times with a one day separation
between sittings.

Data Processing

Data were processed retrospectively by two analysts trained in MRI signal processing with
four years of experience each. SPIN (Signal Processing in NMR, Detroit, MI, USA)
software was used to evaluate the presence and cross sectional area (CSA) of suspected 13V
stenosis on axial 2D TOF MRV, or reformatted axial 3D CE TWIST if 2D TOF MRV was
not available. Vessel boundaries were delineated automatically using a full-width half
maximum region growing threshold method [15] with manual modification applied when
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appropriate. Vessels were labeled stenotic if the CSA was less than 25 mm? at or caudal to
the C3 level and less than 12.5 mm? cranial to the C3 level [1, 16]. The criterion of 25 mm?
was chosen assuming 70% stenosis in an average 1JV diameter of 1 cm, as well as from
values in previous research [17, 18]. Lack of visibility of the 13V in all imaging modalities
with clear visualization of surrounding vasculature in a segment was determined to be
atresia, and lack of visibility observed throughout the entire vessel length was determined to
be aplasia. Diffuse stenosis is characterized by stenosis through the length of the entire
vessel.

For the PC-MRI images, our in-house software written in Matlab (Mathworks, Natick, MA,
USA) was used to quantify flow [1, 16, 19] as six measures: three vessels for right and left
sides. This included the I3V and VA at both C2/C3 and C5/C6 levels, the internal carotid
artery (ICA) at the C2/C3 level, and the CCA at the C5/C6 level. and. Phase unwrapping
was performed when the flow velocity exceeded 50 cm/sec. 1JV flow was normalized to the
arterial sum (tA) of the CCA and VA at the C5/C6 level and the ICA and VA at the C2/C3
level. This normalization was done in order to account for variations in total flow into and
out of the brain among subjects. Of the two 1JV, the 1JV carrying the higher flow was
considered the dominant jugular (dJ), and the 1JV carrying lower flow was considered the
subdominant jugular (sdJ). The individual arterial vessel flow measurements were
normalized to tA to show their relative input.

Individual vessel flow and the sum (right + left) of vessel flow were compared between
processors. Prior to data collection, rater reliability was assessed by an intra-class correlation
coefficient computed under a random raters assumption (ICC2) [20]. The method evidenced
high reliability with ICC(2) > 0.85 for left- and right-side measures and 0.90 for bilateral
total, of each vessel.

Statistical Analyses

Flow indices including bilateral 1JV flow normalized to total arterial flow (tlJV/tA) at both
the C2/C3 and C5/C6 cervical levels served as dependent variables. A general linear model
(GLM) was used to differentiate normalized 1JV flow between groups (ST-MS, NST-MS,
and HC), controlling for age and sex. Post-hoc univariate GLM and paired t-tests further
investigated significant group differences. In addition, a receiver operating characteristic
(ROC) curve analysis was performed to determine the utility of these measures in
discriminating among healthy controls, NST-MS and ST-MS. Optimum ROC sensitivity and
specificity was determined as the point with the least distance from coordinate (0,1) with
sensitivity as the y-axis and 1-specificity as the x-axis. The ROC thresholds for each cervical
level were applied to the RR-MS, PP-MS, and SP-MS subtypes. A chi-square test for
proportion was used to test number of ST between the groups with significance at p < 0.05.
Nominal significance of all tests was set at p < 0.05. A chi-square test for proportion was
also used to test group differences in the percentage of people who were dominant in the
right or left jugular.
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Differences in Flow Attributable to Change in Head Positioning

The results for the HC subject scanned four times on consecutive days revealed a
normalized 1JV flow of 0.85 (SD = 0.06) for 0° and 0.79 (SD = 0.06) if all angles were
included. There were no significant differences of position by side (right vs. left), F(6, 21) =
2.29,p=0.07.

Classification of Stenosis

More than half the MS group 72/138 (52%) showed stenosis compared to 11/48 (23%) HC
participants (x2 = 12.01, p < 0.001). Various forms of stenoses were observed in the MS and
HC groups (Figure 1) and the breakdown by stenosis type and location are presented in
Table 2. Stenosis breakdown for the MS types was as follows: 60/110 (55%) for RR-MS,
6/11 (55%) for PP-MS, and 6/17 (35%) for SP-MS. In the HC group, 2/48 (4%) showed
atresia and no aplasia cases were observed; however, 16/138 (12%) of the MS group had
atresia and 2/138 (1.4%) had aplasia. NST-MS and ST-MS groups significantly differed in
normalized 1JV flow in the right (both p < 0.001) and the left (both p < 0.001) at both the
C2/C3 and C5/C6 levels. A histogram showing the percentage of each group that fell under
specified CSA ranges is shown in Figure 4. Therefore, additional analyses considered
differences between HC and all MS patients, and then did further comparisons between HC,
NST-MS, and ST-MS.

To identify possible differences in flow by cervical level and side (left or right), group
differences in normalized 1JV flow were tested in a 2 (cervical level) x 2 (side) repeated
measure GLM. Across all participants, normalized 1JV flow was larger at the C2/C3 level
compared to the C5/C6 level, F(1, 201) = 25.19, p < 0.001; and flow on the right side was
larger than the left, F(1, 201) = 24.12, p < 0.001. However, the extent of these differences
did not vary by group (all Fs < 0.54, ps > 0.59), nor were there lateralized group differences
(group x side interaction: F(1,201) = 0.54, p = 0.46). Therefore, additional analyses of group
differences included normalized flow averaged across bilateral C2/C3 and C5/C6 measures.

Group Differences in I3V flow

Total arterial flow did not differ between site 1 and site 2, t(203), 1.35, p = 0.18. After
controlling for age, a non-significant trend towards a difference in average normalized flow
between the three groups was observed, F(1, 200) = 3.50, p = 0.06. The trend reflected an
isolated difference in the ST-MS group. Follow-up paired t-tests identified that average
normalized 13V flow did not differ between HC (M = 0.74, SD = 0.14) and NST-MS (M =
0.75,SD =0.11; t(131) = 0.87, p = 0.38). Critically, average normalized flow in the ST-MS
group (M =0.52, SD = 0.20) was significantly lower than that of NST-MS, t(136) = 8.31, p
<0.001, and HC, t(137) = -7.15, p < 0.001. Across groups, there were no age: (F (1, 200) =
1.00, p = 0.32) or sex: (F (1, 200) = 0.10, p = 0.75) differences.

Normalized 1JV flow in the MS group as a whole differed from flow in the HC group at both
cervical levels, t(203) = =3.70, p < 0.001. There was an age x group interaction, F (1,200) =
4.93, p = 0.03, due to the wider age range of the HC [(b = 4.3 x 107°, R2 = 2.0 x 107>; 95%
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CI(-2.6 x 1073, 2.7 x 1073)] compared to the MS group [(b=2.2 x 1074, R2 = 1.7 x 107%;
95% CI(-2.7 x 1073, 3.1 x 1073)], however, it was controlled in the group model. Group
differences were limited to 1JV flow, as MS and HC had similar tA, t(203), 1.35, p = 0.18.
The flow measures at each cervical level are presented in Table 3. To confirm that age
differences between the groups did not group differences in flow, a second set of analyses
were performed with HC in the same age range as MS. In these secondary analyses,
normalized 1JV flow in the MS (n = 138, M = 0.63, SD = 0.20) group as a whole differed
from flow in the HC (n =55, M = 0.73, SD = 0.14) group at both cervical levels, t(191) =
-3.70, p < 0.001. The ST-MS group (M =0.52, SD = 0.20) was lower than that of the HC,
t(125) = —-6.57, p < 0.001; while the NST group (M = 0.75, SD = 0.11) showed similar flow
to the HC, t(119) = 1.02, p = 0.16.

The means and standard deviations of the normalized individual and total 1JV flow observed
here are compared to Feng and colleagues’ [16] findings in Table 4. Further, the normalized
flow measurements for the LIJV (t(459), t = 0.05, p = 0.96), RIJV (t(459), t = 0.41, p = 0.68
two tailed), and total 13V flow (t(459), t = 0.42, p = 0.34) are also in high agreement with
each other.

No Group Differences in Lateralized 13V Flow Dominance

For the HC group, 52/67 (78%) subjects were right 1JV dominant, and 15/67 (22%) were left
dominant. For the MS group, 94/138 (68%) subjects were right 1JV dominant, and 34/138
(32%) were left dominant. Figure 2 illustrates the normalized right and left 1JV flows at both
the C2/C3 (a) and C5/C6 (b) levels. There were no group differences in the percentage of
people who were right 1JV dominant or left 1V dominant (32 = 1.98, p = 0.16). The total
1JV flow rates are plotted in Figure 3 to better illustrate the overall functioning of the 1JV at
both cervical levels and both 1JVs.

I3V Flow Discriminates between Groups

Based upon the ROC analysis, differences in normalized 1JV flow discriminated between
ST-MS and HC. The largest difference between the ST-MS and HC groups was observed at
0.66 at the C2/C3 cervical level and 0.62 at the C5/C6 cervical level (Figure 2¢). When these
thresholds were applied to the HC and MS groups at both cervical levels, 4/67 (6%) of the
HC group and 51/138 (37%) of the MS group as a whole meet the criteria. This included
44/72 (61%) ST-MS and 7/68 (11%) NST-MS subjects. We further classified the type of MS
of cases that fell below the criterion of 0.62 at each cervical level. At C2/C3, 43/110 (39%)
RR-MS, 5/11 (45%) PP-MS, and 2/17 (13%) SP-MS fell below this threshold; and at C5/C6,
58/110 (53%) RR-MS, 6/11 (54%) PP-MS, and 6/17 (35%) SP-MS fell below this threshold.

Discussion

This is the fourth study of its kind to evaluate structural and flow abnormalities of the IJV in
MS patients using MR angiography and PCFQ [1, 16, 19]. However, previous studies
included few, if any HC cases. Although the previous results suggested a difference in
structural and flow behavior between MS patients and HC, there was insufficient evidence
to suggest a criterion. Here, we show in an ROC analysis that a criterion difference of 62—
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66% in normalized 13V flow distinguishes ST-MS patients from HC. The classification of
MS patients into ST and NST groups based solely on the anatomical information led to the
additional conclusion that the flow in HC and ST-MS subjects differs while the HC and
NST-MS subjects appear to have the same flow properties.

Much of the discussion of whether or not CCSVI is present more in disease states than in a
healthy population has been based on the original criteria proposed by Zamboni and
colleagues [8]. These disagreements may stem, in part, from the inconsistency of ultrasound
operators across sites, as well as the validity of the five conditions he proposed. To avoid
this potential bias, we present a different means of assessing vascular abnormalities that are
independent of the methods proposed by the Zamboni group [8]. These measures include the
presence or absence of stenosis and the tIJV/tA measurement. As demonstrated here, these
two methods distinguished a subgroup of MS patients with stenosis that had different CSA
and flow distributions compared to HC. Further, we have provided reliability data while the
Zamboni group did not [8], which also may account for the lack of data replicability.

It is important to note that, for veins, the definition of stenosis is an absolute and not a
relative (i.e., percentage) one. Generally, the relative definition is used in evaluating carotid
arteries, which have geometrically consistent CSA from the subclavian to the bifurcation;
while the 1JV can flare out at the base near the subclavian vein and can vary in size
throughout its course. Zamboni originally proposed 0.30 cm? as a cutoff [8] whereas we
chose 0.25 cm? at or below C3 and 0.125 cm? above C3 to be consistent with previous work
[1]. A recent study suggested no difference in stenosis rates between HC and MS patients
[21], with a stenosis rate of 74% in MS patients and 70% in HC. The study, however,
defined 1JV stenosis as a narrowing of more than 50% of the widest vessel segment below
the mandible. If we were to do the same analysis using this percentage method, we would
have found 83% of MS patients and 44% of HC being stenotic suggesting that the
percentage definition of stenosis for veins is unrealistic.

Figure 4 shows a percentage of the MS and HC groups who were stenotic using a variable
CSA at the C5/C6 neck level. At a CSA < 25 mm2, none of the HC was classified as stenotic
for the RIJV, while 4% of the HC met this criterion for the LIJV. In the MS group, 24% of
the patients were classified as stenotic for the RIJV, and 38% meet this criterion for the
LIJV. In general, more MS patients were classified as stenotic even using a higher CSA
cutoff value. As shown in Table 2, various types of stenosis are observed among MS
patients. Particularly, cases with atresia, diffuse stenosis, and aplasia were only seen in the
MS group.

In addition to differences in the method of stenosis measurement, previous MR studies
conducted by other groups have evaluated a limited number of patients [11, 13, 22], have
not combined anatomic and flow information [9] or have not fully analyzed the data as
presented herein. A recent paper gives a limited evaluation of the flow data, examining only
left and right 1JVs but not total flow and without further evaluation of differences related to
stenosis [23]. As shown in Figure 3a, measures of total 1JV flow distinguished MS patients
from HC. Figure 3b shows a greater difference in total 1JV flow between the ST-MS and the
HC and NST-MS groups. Only by virtue of this analysis did we identify a difference
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between MS and HC, which is possibly why previous studies that relied on lateralized
histogram analyses did not.

It is of interest to note that despite the use of a different MR system (Siemens versus General
Electric) and certain dissimilarity in population base, that the results for arterial flow
between our study and the work of Feng and colleagues [16] are in high agreement. The
convergence of evidence across these two independent studies supports the notion that
venous flow abnormalities are present in the MS population, and may therefore be a
meaningful aspect of the disease etiology.

This study has several limitations. One is a potential systematic bias between the sites; i.e.,
absolute flows measured from the images collected at two different sites may not be the
same. Although the HC and MS patients were scanned on different scanners, they were
scanned with the same sequence parameters on machines built by the same manufacturer. As
demonstrated, arterial flow measures were similar across all participants. Therefore, by
normalizing 13V to arterial flow, the concern about systematic scanner differences is
mitigated.

The second concern about the data quality is the presence of white noise in all flow and CSA
measurements. Because these noise-related errors are similar in HC and MS groups, this
should introduce only a negligible bias in the present analyses. In Appendix I, relative errors
from the scanners were estimated based on the work of Wolf et al. using average values
from all cases in the site [24].

The third concern relates to possible differences attributable to head position and use of neck
cushions, which could potentially compress the 1JV and artificially alter flow. Here we
partly address the potential confound with repeated measurements of a single participant
across days with different head positions, and we find no significant differences. However,
we cannot presently comment on the effects of neck pillows or head constraints. Future flow
studies should investigate the effects of age with respect to CSA measurements and blood
flow.

Finally, the method used here to identify a subgroup of MS patients can provide valuable
insights into other vascular and neurological conditions. Indeed, Parkinson’s disease has
been studied with this method already [25]. Other conditions characterized by impaired
venous outflow, such as idiopathic intracranial hypertension and traumatic brain injury [25—
27] may also benefit from this approach.
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Appendix |

Errors in PCFQ stem from two main causes: noise, and partial volume effect (PV). The
following assumptions were made in order to estimate PV effects: vessels are circular, flow
is laminar, resolution is 1 mm3, average partial volume fraction is constant 0.7, and all PV
pixels were included in the segmentation. In work by Wolf et al. [24], the models examining
intravoxel phase dispersion and PV effects were based on the simplifying assumption of
uniform magnitude of isochromats within a vessel; that is, flowing isochromats were always
assumed to have experienced only one RF pulse as they passed through the imaging slice. In
reality, isochromats near the edge of the vessel will have decreased magnitude due to
decreased flow-related enhancement.

Error Type VA CCA/[ICA] 13V tA tIJVItA
HC-C5/C6 PV 1.33% 0.44% -0.16% 0.29%
HC-C5/C6 SNR 4.18% 3.07% 7.04%  3.30%
HC-C5/C6 Total 4.38% 3.10% 7.05% 331% 7.78%
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MS-C5/C6
MS-C5/C6
MS-C5/C6
HC-C2/C3
HC-C2/C3
HC-C2/C3
MS-C2/C3
MS-C2/C3
MS-C2/C3

Error Type
PV
SNR
Total
PV
SNR
Total
PV
SNR
Total

VA
1.48%
4.21%
4.46%
1.37%
4.04%
4.26%
1.44%
4.36%
4.59%

CCA/[ICA]
0.53%
2.75%
2.80%

[0.84%)]
[2.78%]
[2.90%]
[0.84%)]
[2.88%]
[3.00%]

13V
-0.14%
8.09%
8.09%
-0.67%
4.91%
4.96%
-0.72%
5.34%
5.39%

tA
0.34%
3.03%
3.05%
0.45%
3.13%
3.17%
0.46%
3.271%
3.30%

tIJVItA

8.64%

5.88%

6.31%
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Figure 1.
2D TOF MRV (A-C) 3D CE TWIST MRAYV (D-H). CE images were chosen at the time

point where the veins appear the brightest. Top row: HC (A-D); bottom row: MS patients
(E-H). Various venous abnormalities are noted. Image A shows a stenotic RIJV in the upper
and lower neck levels, as well as a stenotic L1JV in the lower neck level. Image B shows a
stenotic case, where the CFV branches off at a low level of the neck which would reduce the
1JV caliber Images C and D are without anomaly but one individual has clear external
jugulars (C) while the other does not (D). Image E shows an aplastic RIJV, the LIJV is
present (arrow). Image F shows upper neck level stenosis of the RIJV (upper left arrow), and
atresia of the LIJV between the arrows. Image G shows an aplastic L1JV, RIJV is present
(arrow). Image H shows multiple atresias in the LIJV (arrows).
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Figure2.

a) Plot of right versus left C2/C3 normalized 13V flow. b) Plot of right versus left C5/C6
normalized 1JV flow. ¢) 1JV flow normalized to arterial flow for the C5/C6 neck level

plotted against the C2/C3 neck level. Legend: triangles: HC; open circles: NST-MS; and
plus signs: ST-MS. Threshold lines of Fijv/TA at C6 < 0.62 and Fijv/TA atC2 < 0.66 are

drawn (dotted lines).
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Figure3.

a) Comparison of mean flow (mL/min) between MS and HC groups at both the C2/C3 and
C5/C6 neck levels for LIJV, RIJV and total 1V flow (one standard deviation error bars of
the population distribution are shown). This plot is an attempt to replicate the data from the
study by Rodger and colleagues [23]. b) Comparison of mean flow between the ST-MS
group, NST-MS group, and HC group at both C2/C3 and C5/C6 neck levels for LIJV, RIJV
and total 13V flow. In this chart, the bars represent the standard error of the mean. As
discussed in the text, there are significant differences between the ST-MS group and the HC

for total 13V flow.
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Figure4.
Histogram of RIJV and L1JV for MS and HC groups showing the percentage of those

samples within the given CSA ranges. This data set comes from the C5/C6 neck level using
2D TOF MRV (and if no signal was present, then the 3D CE MRAV was used). There are
48 cases here as 19 did not have venography collected.
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Table 1

Subject demographic descriptors.

Number of Subjects
(number of females)

Female : male ratio
Age range in years

Mean age (SD) in years

AIIMS  NST-MS  ST-MS HC
138 (96) 66 (53) 72(43)  67(39)
23:1 4.1:1 15:1 14:1
20-72 26-71 20-72 18-71

486 (115) 47.9(117) 49.3(11.3) 39(13.2)

Mean disease duration (SD) in years  12.4 (9.0) 12.9 (9.0) 12 (9.2)
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Results from anatomic assessment. The type of stenosis and the location are presented in terms of both total
number and percentage within each group.

MS (138) HC (48)

N Percent N Percent
LL RIJV Stenosis 16 11.6% 5 10.4%
UL RIJV Stenosis 21 15.2% 1 2.1%
LL LIV Stenosis 29  21.0% 7 14.6%
UL LIV Stenosis 31 22.5% 2 4.6%
LL RNV atresia 0 0.0% 0 0.0%
UL RIJV atresia 6 4.3% 0 0.0%
LL LIJV atresia 3 2.2% 0 0.0%
UL LIV atresia 8 5.8% 2 4.6%
RIJV diffuse stenosis 1 0.7% 0 0.0%
LIV diffuse stenosis 1 0.7% 0 0.0%
RIJV aplasia 1 0.7% 0 0.0%
LIJV aplasia 1 0.7% 0 0.0%
RIJV only stenosis 3 2.2% 2 4.6%
LIJV only stenosis 53  38.4% 6 12.5%
Bilateral stenosis 5 3.6% 3 6.3%

Note: LL: Lower level, UL: Upper level.
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Normalized individual and total 13V flow comparing present measures of the MS group to that reported for
MS in Feng et al.[16]. Reported values are the normalized flow averaged across C2/C3 and C5/C6 cervical
levels. Results show no differences between the groups.

Reported sample M
SD
Feng et al. M
SD

Left
13V
0.23
0.03
0.23
0.02

Right
1V
0.40
0.04
0.39
0.03

Total
13V
0.63
0.05
0.62
0.03
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