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Abstract

Internal jugular vein (IJV) narrowing has
been implicated in central nervous system
(CNS) disorders. Body mass index (BMI) is a
cardiovascular risk factor that has been also
linked to CNS diseases, however it is unknown
whether a relationship exists between 1JV nar-
rowing and BMI. The objectives were to assess
the relationship between 1JV cross-sectional
areas (CSA) and BMI in healthy individuals
(HI) and multiple sclerosis (MS) patients. A
total of 388 subjects (194 age- and sex-
matched HI and MS patients) received mag-
netic resonance venography and structural
brain magnetic resonance imaging at 3T.
Region of interest analysis was performed
using a semiautomated contouring-threshold-
ing technique to determine the minimum CSA
of the 1JVs at C2/C3, C5/C6, and C7/T1 cervical
levels. Partial correlation analyses were used
to determine the associations. Increased BMI
was related to increased 1JV CSA at lower cer-
vical levels (r=0.240, P<0.0001 at C5/C6 and
r=0.293, P<0.0001 at C7/T1) in both MS
patients and HI. Both MS and HI, showed asso-
ciations between increased BMI and 1JV CSA
measures, particularly at lower cervical loca-
tions, in individual group analyses. No differ-
ences in association between BMI and 1JV CSA
were observed between HI and MS patients.
Relationship between 1JV CSA and BMI were
not significant at upper cervical locations in
the studied groups. Increased BMI is associat-
ed with 1JV CSA widening, rather than narrow-
ing, at lower cervical levels in both MS patients
and HI. This finding warrants further investi-
gation, but indicates that BMI can obscure
interpretation of lJV CSA narrowing.

Introduction

Blood is supplied to the brain and spinal
cord by two sets of branches from the dorsal
aorta.! The vertebral arteries arise from the
subclavian arteries, while the internal carotid
arteries branch from the common carotid
arteries.! Deoxygenated blood is drained from
the brain and spinal cord by the venous sys-
tem, particularly the internal jugular veins
(1JVs), which connect the sinuses to the vena
cava.>® The cerebral venous system is consid-
ered most important contributor for mainte-
nance of adequate brain perfusion, in order to
meet the metabolic needs necessary for nor-
mal cerebral function.? Venous drainage from
the cerebral hemispheres consists of two sys-
tems: the superficial, which drains blood from
the cortex and superficial white matter by cor-
tical veins, and is collected by the dural sinus-
es;! and the deep venous system, which con-
tains approximately 70% of the total blood vol-
ume, and incorporates small veins and venules
for the majority of its composition.* In contrast
to the symmetric arterial system, the venous
system is asymmetric and highly heteroge-
neous.? 1JV morphology has previously been
investigated with respect to aging and gender
differences in healthy individuals (HI),>® in
addition to a number of central nervous system
(CNS) diseases, including multiple sclerosis
(MS), Alzheimer’s disease and Parkinson’s
disease.* Numerous recent studies have
focused on morphological and hemodynamic
venous jugular flow abnormalities in MS
patients and Hls.*"!! However, it is unknown at
this time whether the 1JV narrowing has any
pathological significance, or is just a normal
physiologic variant.

Body mass index (BMI) is a standard meas-
ure of degree of obesity. It is also a cardiovas-
cular risk factor that has been linked to CNS
diseases.’>> We hypothesized that, as a result
of obesity, we would find a reduced IJV cross-
sectional area (CSA) due to venous constric-
tion in subjects with large BMIs. Venous nar-
rowing can be caused either directly due to
intraluminal defects or hypoplasia, or as a
result of blockages such as venous
thrombosis.'*!® As BMI is linked with
increased risk of CNS diseases, we expected to
find more pronounced narrowing in a cohort of
MS patients when compared with Hls. We were
also interested to explore the cervical level at
which CSA reduction would impact these asso-
ciations. Therefore, we examined the relation-
ship between the 1JV CSA at three different
cervical levels in healthy and diseased subjects
with a spectrum of body mass indices.
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Materials and Methods

Subjects

This prospective, single-center, cross-sec-
tional study included 388 subjects, with 194
consecutive HIs with no evidence of neurolog-
ical disease and 194 consecutive relapsing
remitting (RR) MS patients being enrolled
(matching 1:1). Inclusion criteria included
completion of magnetic resonance imaging
(MRI) screening to ensure no MRI-prohibitive
medical history. Cardiovascular risk factors
were collected from all participants in-person
by a trained interviewer with cross-examina-
tion of medical records. All participants were
assessed with a structured environmental
questionnaire containing information about
medical history (illnesses, surgeries, medica-
tions, etc.), as well as cardiovascular risks,
including history of hypertension, smoking, or
heart disease (which was defined to include
congestive heart failure, heart attack, arrhyth-
mia, valvular disease, heart murmurs,
enlarged heart, heart surgeries, palpitations,
or any other category that would necessitate
medical therapy). Height and weight were
assessed to determine BMI. Physical and neu-
rological examination were obtained in all
study particpants. All subjects were required to
meet the health screen requirements on phys-
ical examination and history of known vascu-
lar abnormalities also precluded enrollment in
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the study. HIs were recruited among hospital
personnel and local advertisement respon-
dents, while the MS patients were enrolled at
the Center specialized for demyelinating dis-
eases. All study experiments were performed
in accordance with the relevant guidelines and
regulations. The study was approved by the
local Institutional Review Board, and informed
consent was obtained from all subjects.

Image acquisition

All subjects were examined on a GE 3.0T
Signa Excite HD 12.0 Twin Speed 8-channel
scanner (General Electric, GE, Milwaukee,
WI, USA) with a maximum slew rate of
150T/m/s and maximum gradient amplitude
in each orthogonal plane.

A 2-dimensional magnetic resonance
venography (MRV) sequence was acquired
for all IJV CSA measurements. The MRV was
acquired with 150, 1.5mm-thick slices using
a320x192 matrix (frequency x phase) with a
22.0 cm field of view (FOV) and a phase field
of view (pFOV) of 75% for a resolution of
.69x1.15x1.5 mm?® Additional imaging
parameters included echo time (TE)/repeti-
tion time (TR)/flip angle (FA) of 4.3 ms/14
ms/70°, and a bandwidth (BW) of 31.25 kHz,
for a total acquisition time of 5:19 min. MRV
was acquired in a frue (non-obliqued) axial
orientation with one average, and no parallel
imaging techniques were employed.

A 2-dimensional fluid-attenuated inver-
sion-recovery (FLAIR) sequence was
acquired for assessment of T2 hyperintense
lesion pathology. FLAIR scans were 3-mm
thick slices with no gap, TE/TI/TR=120/2100/
8500 ms, flip angle=90°; with a 256x256
matrix and a 25.6 cm FOV for an in-plane res-
olution of 1x1 mm? with a phase FOV of 75%
and one average.

Image analyses
Cross-sectional area analyses

[1JV assessment was performed using CSA
region of interest (ROI) analysis on the 2D
MRV with the Java Image Manipulation Tool
(JIM) version 5.0 (http://www.xinapse.com)
at specific cervical locations blinded to the
subjects’ status. Briefly, the sequence was
viewed orthogonally to assess which slices
corresponded to the desired anatomical cov-
erage, namely C2-C3, C4, C5-C6, and C7-T1.
Within each of these locations, the operator
determined the slice on which the 1JV came
to a minimum, and then used the ROI Toolkit
to select the right and left 1JVs. Most com-
monly, this was accomplished using the
Contour ROI tool, using the automated
Preview Contours tool to best select its
edges. When necessary, the operator manual-
ly adjusted the ROI boundary. Reproducibility
was assessed using two operators performing
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CSA analysis on a set of 25 MRVs twice, with
analyses a minimum of 2 weeks apart.
Operators were blinded to each other’s ROI
assessments, as well as to their own prior set
of ROIs. Intra- and inter-operator repro-
ducibility was assessed using the intra-class
correlation (ICC), with corresponding P- and
g-values.
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Statistical analysis

Statistical analyses were performed using
the Statistical Package for Social Sciences
(IBM Inc, version 21.0). The demographic and
clinical differences between genders were
tested using Student’s ¢-test and chi-square
tests. BMI and CSA measures were compared
using partial correlation analyses. Group com-
parisons were calculated using Student’s ¢-
test. Due to multiple comparisons, only a nom-
inal P-value<0.01, was considered statistically
significant using two-tailed tests.

T2 hyperintense lesion determination

T2-weighted hyperintense lesion number
and volume were assessed using a semiauto-
mated edge detection contouring/threshold-
ing technique on FLAIR images.!

Table 1. Demographic and clinical characteristics of healthy individuals and multiple
sclerosis patients.

Age® 42.6 (15.8) 44 43.0 (17.5) 46 422 (13.9) 43 0.629**
Sex (M/F) 126/262 63/131 63/131 1.00**
BMI 26.8 (5.7)25.8 26.8 (5.7) 25.8 26.8 (5.8) 25.8 0.938**
Heart disease 51/264 (16.2%) 20/142 (12.3) 317122 (20.3) 0.074**
Hypertension 57/263 (17.8%) 19/150 (11.2) 38/113 (25.2) 0.001*
Smoking 132/205 (39.2%) 58/122 (32.2) 74/83 (47.1) 0.006*
Number of subjects with 246/121 (67) 65/119 (35.3) 18172 (98.9) <0.0001*
T2° hyperintense lesions

Number of T2° 154 (205) 7 28 (1.D)0 28.1 (21.8) 22 <0.0001*
hyperintense lesions

Volume of T2° 5.79 (11.5) 0.581 0.248 (1.13) 0 114 (142) 5.84  <0.0001*
hyperintense lesions (mL)

Age® at onset N/A N/A 31.0 (12.8) 30.0 NA
Disease duration in years N/A N/A 12.0 (9.4) 10.0 /A
EDSS N/A N/A 2.5(13) 2.0 N/A

HI, healthy individuals; MS, multiple sclerosis; BMI, body mass index; EDSS- expanded disability status scale. P-values were calculated using
Student’s ¢-test and chi-square tests: *P-values less than 0.01 considered significant; **P-values less than 0.05 were considered trends. °Age
and T2 lesion characteristics are presented as mean (standard deviation) median. Categorical variables (cardiovascular risk factors) are
*Yes/Total # (%).

Table 2. Internal jugular vein cross-sectional area values and standard deviations in
healthy individuals and multiple sclerosis patients across multiple cervical locations.

Tl 1159 (73.2) 1180 (79.3) 1138 (66.6) 0.575
C5/C6 95.3 (58.5) 974 (60.2) 93.2 (56.7) 0473
3 66.1 (29.4) 66.7 (314) 65.5 (21.2) 0.691

HI, healthy individuals; MS, multiple sclerosis. The cross-sectional area is expressed in millimeter square. Values reported are mean (stan-
dard deviation). P-values were calculated using Student’s t-test and chi-square tests.

Table 3. Association of internal jugular vein cross-sectional area and body mass index in
healthy individuals and multiple sclerosis patients across multiple cervical locations.

Age vs BMI 0.169 (0.002)* 0.062 (0416)** 0.262 (0.001)*
il 0.293 (0.000)* 0.294 (0.000)* 0.296 (0.000)*
C5/C6 0.240 (0.000)* 0.247 (0.001)* 0234 (0.002)*
23 0.045 (0411)** 0.078 (0.324)** 0.009 (0.909)**

HI, healthy individuals; MS, multiple sclerosis; BMI, body mass index. Values reported are partial correlations (P-value). *P-values less than
0.01 considered significant; **P-values less than (.05 were considered trends.
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Results

Demographic characteristics

Demographic characteristics are presented
in Table 1. HI and MS subjects were age- and
sex-matched. As expected, significant differ-
ences were found between HIs and MS sub-
jects in terms of cardiovascular risk factors,
smoking, and number and volume of T2 hyper-
intense lesions. BMI was not significantly dif-
ferent between the study groups. The MS
patients were on disease-modifying treatment
including interferon {§ 1a, glatiramer acetate
and natalizumab.

Reproducibility of the cross-

sectional area measurement
Inter- and intra-operator reproducibility was

All subjects

C7/T1 CSA (mm?)

C5/C6 CSA (mm?)

€2/€3 CSA (mm?)

found to be highly significant with strong ICC
values and corresponding P-values (ICC>0.69
for inter-operator with P<0.001, and ICC>0.84
for intra-operator, with P<0.001 at all levels
and for all operators).

Internal jugular vein cross-sectional
area morphology

1JV CSAs was greater at lower cervical lev-
els, ranging from a mean of 66.1 mm? at C2/C3
t0o115.9 mm? at C7/T1. Breakdown at each level
is shown in Table 2.
Cross-sectional area correlations
with body-mass index

As shown in Table 3, greater IJV CSA was
strongly correlated with increased BMI
(r=0.234, P<0.002 for all) at lower cervical lev-
els (C5/C6 and C7/T1), whereas this associa-
tion was not detected at upper cervical levels

Healthy individuals

C7/T1 CSA (mm?)

€5/C6 CSA (mm?)

€2/C3 CSA (mm?)

(C2/C3 nor C4). The association was signifi-
cant in all subjects, as well as individually in HI
and MS patients groups. There were no differ-
ences between the study groups, as the associ-
ations were similar in terms of strength and
significance, irrespective of disease status
(Tables 2 and 3; Figure 1).

Age interaction with cross-section-
al area association with body-mass
index

As shown in Table 3, BMI was associated
with age in all subjects (r=0.169, P=0.002) and
in MS patients (r=0.262, P=0.001). BMI was
not associated with age in HI (r=0.062,
P=0.416). However, the BMI and 1JV CSA asso-
ciation was found to be age independent in
partial correlation analysis, across all groups
(data not shown).

Multiple sclerosis
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Figure 1. Associations between body mass index (BMI) and cross-sectional area at levels C7/T1 (A, B, C), C5/C6 (D, E, F), and C2/C3

(G, H, I).

[Veins and Lymphatics 2014; 3:4632]

[page 91]



Article

Discussion

We investigated the association of 1JV CSA
on MRV with BMI in MS patients and HIs, and
found a relationship between the two at the
lower cervical levels, independent of any age
effects. Findings were similar in both HIs and
MS patients, suggesting that this relationship
is independent of the disease state.

While our initial hypothesis was that 1JV
narrowing would be associated with increased
BMI, actually the results showed the opposite;
namely, that as the BMI increased, so did the
1JV CSA. These findings suggest that the more
obese a subject is, rather than narrowing, their
1JV CSA is actually enlarging. This could be
due to the fact that, assuming a constant vol-
ume of blood to pump, that more obese sub-
jects will thus have lower flow rates, although
our study was limited to only structural and did
not include functional outcomes. As subjects
with larger BMIs tend to be more sedentary
and less mobile, their oxygen demand will
decrease, and thus both their oxygen supply
via arterial blood, as well as deoxygenated
clearance via the venous system, will decrease,
leading to reduced flow rates.

While our hypothesis was that the location
of vascular assessment would play a role in 1JV
CSA, this was only true to a point: C5/C6 and
C7/T1 had a similar relationship with BMI,
whereas C2/C3 did not. We suspect that this
may be due to the fact that there is a high
degree of heterogeneity at upper cervical levels
(C2-C3), as evidenced by the increased preva-
lence of collaterals. Since the correlations
between 1JV CSA and BMI seem to be indica-
tive of total flow at lower levels (where the vast
majority of venous flow is drained through the
1JVs), it is possible that the exclusion of addi-
tional venous collateral assessment could be
confounding our results at upper cervical lev-
els. Therefore further exploration is warranted
regarding this issue.

Age and BMI were associated across the
entire cohort and in the MS patients, but not in
the Hls. However, we speculate that the fact
that BMI and CSA relationship was age inde-
pendent in HI, suggests that the age depend-
ence of BMI in MS patients may be due to
decreased level of activity, rather than strictly
age, and would warrant further study.

While we also investigated differences in
association between 1JV CSA and BMI between
MS patients and HI, none was observed, con-
sistent with other groups’ findings.!®20 This
suggests that CSA and BMI measures are
unrelated to the disease status. Any differ-
ences are most likely functional (i.e. flow-relat-
ed) rather than structural (Z.e. due to morphol-
ogy). This study was limited in scope to struc-
tural assessment of the 1JVs; flow quantifica-
tion can provide additional information, as
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other groups are currently investigating.
Additionally, our study had several other lim-
itations. The focus on the 1JV CSA neglected any
collateral flow; future work should examine col-
lateral vein measures, particularly at upper cer-
vical locations. It would be also interesting to
examine the level of activity, in order to explore
how this affects the relationship between 1JV
CSA and BMI in MS and Hls. This work only
examined the minimum CSA at each cervical
location, and an automated analysis of the CSA
at each slice would offer a more volumetric
approach. Moreover, only RR MS patients were
enrolled in the study, in order to allow age-
matching with HL It could be that secondary-
progressive MS patients show different rela-
tionship between 1JV CSA and BMI. Even within
only examining structural involvement, the
MRV technique we used is beneficial for detect-
ing venous compression, but intra-luminal
restrictions may be concealed; use of Doppler
technique may be useful in this direction.

Conclusions

Increased BMI is associated with [JV CSA
widening, rather than narrowing, at lower cer-
vical levels in both MS patients and HI. This
finding warrants further investigation, but
indicates that BMI can obscure interpretation
of IJV CSA narrowing.
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