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Abstract

The aim of the study was to investigate the Internal Jugular Veins dynamics using contrast enhanced ultrasonography in
Multiple Sclerosis patients, clinically isolated syndrome patients and healthy controls. Contrast enhanced ultrasonography
imaging of the Internal Jugular Vein was performed in fifty-eight patients with Multiple Sclerosis, seven clinically isolated
syndrome patients and in thirteen healthy controls. Time-intensity curves were quantified using a semi-automated method
and compared with clinical disease outcomes. Wash-out parameters were calculated and six Time-intensity curves shapes
were created. Significantly reduction of wash-out rate in Internal Jugular Veins was detected in Multiple Sclerosis patients
compared to healthy controls [22.2% (2.7%-65.9%) vs. 33.4% (16.2%-76.8%); P<<0.005]. Internal Jugular Vein enhancement
was heterogeneous in patients with Multiple Sclerosis and consisted of slow wash-out Time-intensity curves shapes,
compared with almost only one type of Time-intensity curves shape in control subjects that correspond to fast
enhancement and fast wash-out. The vein wash-in parameters were similar in Multiple Sclerosis group compared with
controls. A significant correlation was found between Internal Jugular Vein wash-out and level of disability (R=—0.402,
p<<0.05). Contrast enhanced ultrasonography of the Internal Jugular Vein with time intensity curve analysis revealed
alterations of cerebral venous outflow in Multiple Sclerosis patients, however mechanisms that determine this condition
remains unclear.

Citation: Mancini M, Lanzillo R, Liuzzi R, Di Donato O, Ragucci M, et al. (2014) Internal Jugular Vein Blood Flow in Multiple Sclerosis Patients and Matched
Controls. PLoS ONE 9(3): €92730. doi:10.1371/journal.pone.0092730

Editor: Jean-Claude Baron, INSERM U894, Centre de Psychiatrie et Neurosciences, Hopital Sainte-Anne and Université Paris 5, France
Received December 19, 2013; Accepted February 24, 2014; Published March 27, 2014

Copyright: © 2014 Mancini et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was supported by a research grant from the Italian Ministry for Education University and Research in the framework of PRIN
(2010XE5L2R_004). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: marcello.mancini58@gmail.com

Introduction thrombosis of small veins and capillaries, vein wall hyalinization,
) o ) and intravascular fibrin deposits [7-8]. Dawson described MS

The most widely accepted hypothesis is that MS is an Jegiong as plaques mostly centered on small periventricular veins
inflammatory and degenerative autoimmune disease that leads [9]. Recent studies, using high field MRI and susceptibility-
to destruction of CNS myelin, with multifactorial pathogenesis [1]. weighted imaging have shown the perivascular inflammation
The early course of disease is characterized by episodes of pattern in MS by sensitively visualizing the small venous vessels in
the periventricular and deep white matter [10]. Moreover MS
patients showed a reduced visibility of cerebral veins that is

) 0¢ ve ' inversely correlated with the periventricular and whole-brain T2-
neurodegeneration, the clinical correlate of which is progressive lesion load [11], low cerebral venous blood flow, low cerebral

accumulation of disability. Antimyelin T-cell-mediated inflamma- blood volume and higher MTT compared with healthy controls
tory responses are believed to have a crucial role in the [12-13].

development of focal lesions [2], however, the underlying
mechanism of the widespread axonal degeneration is not yet fully
understood.

Abnormalities of cerebral hemodynamics in MS have been
investigated by using single photon emission tomography, PET
and perfusion MR imaging [3-5]. These studies have demon-
strated widespread hypoperfusion in focal lesions, and in both the
grey and white matter in patients with MS and all clinical
phenotypes [4-5] and in the very early stage of the disease [6].
These findings are consistent with earlier histopathologic studies

neurological dysfunction that usually recover. However, over time
the pathological changes become dominated by widespread
microglial activation associated with extensive and chronic

Compared with the cerebral arterial system, the cerebral venous
system has been less well described and studied and this might lead
to an underestimation of cerebral venous disorders. Unlike the
carotid artery, the vascular wall of the IJV is much more flexible
with a variable lumen diameter and this makes more difficult to
perform a quantitative study of blood flow. The internal jugular
veins (IJVs) are the main pathway for venous outflow in the supine
position, while in the upright posture the IJVs collapse and venous
outflow occurs mainly through secondary veins such as the
vertebral, epidural, and deep cervical veins, which compose the
reporting vascular occlusive changes in MS, characterized by vertebral venous plexus [14-15]. The hemodynamic of the IJVs
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may reflect cerebral venous drainage conditions and appear to
influence intracranial hemodynamic, perfusion of the brain [16]
and the dynamics of Cerebrospinal fluid system [17]. The
msufficient cerebral venous drainage could cause a variety of
unspecific central nervous symptoms such as headaches, visual
disturbances, or amnestic dysfunctions [18]. Several studies have
found a relationship between IJV drainage abnormalities and
certain neurological diseases of undetermined aetiology [19-20]
including leukoaraiosis [21] dementia [22] and normal-pressure
hydrocephalus [17] and, recently, MS [23-24].

US contrast agents are true intravascular agents that, unlike the
diffusible agents commonly used in MR imaging and CT, remain
entirely within the vascular space and possess intravascular
rheological characteristics similar to those of red blood cells
[25]. Dynamic contrast-enhanced US imaging is the time-
dependent registration of changes in ultrasonic signal intensity
during and after intravenous injection of a contrast agent. The
dependence of enhancement by time can be shown in a time-
intensity curve (TIC) where the average signal from a Region of
Interest (ROI) is plotted as a function of time. The integration of
modern ultrasonographic equipment with dedicated signal-pro-
cessing systems overcomes the operator-dependent analysis of the
ultrasonic signal. From a TIC can be obtained some temporal and
amplitude parameters, such as tissue and vascular uptake, transit
times, and wash-out of the contrast agent.

The present study describes a new and simple approach to
cerebral venous outflow analysis, based on the use of ultrasound
contrast agent imaging with time intensity curve analysis. The
analysis of IJV drainage patterns in HC and MS patients in
horizontal body position was presented.

Materials and Methods

Patients

This study was approved by the institutional ethics committee
for biomedical activities "Carlo Romano" Medical School
University Federico II, Naples - Italy, and informed written
consent was obtained from all subjects. Fifty-eight consecutive
patients affected by clinically defined MS diagnosed according to
the revised McDonald criteria [26], seven patients with Clinically
Isolated Syndrome (CIS), and thirteen age- and sex-matched
healthy controls were enrolled into the study.

Clinical assessment was done on the same week of the
ultrasound study, and disability was graded by using Kurtzke’s
Expanded Disability Status Scale (EDSS) [27] and Multiple
Sclerosis Severity Score (MSSS) [28].

Inclusion criteria for patients with MS were age 18-60 years
and an EDSS between 0 and 6.5. Exclusion criteria were presence
of relapse and steroid treatment in the 30 days preceding study
entry for all patients, pregnancy or preexisting medical conditions
known to be associated with brain pathology. ECG was performed
and fasting venous blood sample was drawn for routine laboratory
examination including blood clotting and screening for thrombo-
philic status.

Ultrasound studies

Extracranial Duplex sonography was performed with Philips
1U22 ultrasound instrument (Bothell WA, U.S.A.) with a 9-3 MHz,
linear-array probe, to exclude carotid artery and/or IJV stenosis.

For contrast-enhanced perfusion imaging, the following settings
were used: mechanical index, 0.06; acoustic output, 90%; gray
map, one; and frame rate, 13 Hz. An area of the neck where the
IJV and thyroid gland appeared in the same transverse plane was
located by using color Doppler and designated for analysis. After
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10 minutes with the subject at rest in supine position, a bolus of
2.4 mL of an echo-contrast enhancer (SonoVue; Bracco, Italy) was
manually injected into the left antecubital vein using a 22-gauge
catheter at 2 mL/sec. The injection was followed immediately by
a 10-mL saline bolus injected at 5 mL/sec. A 1-minute B-mode
cine loop was then acquired. Then, after 10 minutes, a second
intravenous bolus of 2.4 mL of SonoVue was repeated for the
evaluation of contralateral side. Electrocardiography was used to
monitor the heart rate during the test.

A trained sonographer (M.M.) with more than 20 years of
ultrasound experience performed all ultrasonographic assessments.
The length of exam was 1 hour. The time intensity curve was
analyzed offline in a blinded way, by using a time-signal intensity
curve analysis program QLab (Philips Healthcare) that displayed
the acoustic intensity (in decibels) during the acquisition time in a
manually defined region of interest.

To reduce the artifacts caused by peak intensity variations,
contrast agent arrival was defined as the time point of a stable
signal intensity enhancement of at least 5 dB in the IJV.

Nine semiquantitative perfusion parameters were extracted
from the time-intensity curves in the ROI designated for analysis
at level of Internal Jugular Vein (IJV):

1) Arrival time was defined as the time from injection of contrast
agent to the beginning of signal intensity increase;

2) Absolute Intensity Peak (dB) was the maximum intensity at
the peak of the intensity curve;

3) Time to peak intensity (in seconds) was defined as the time
from injection of contrast agent to reach the peak of contrast
intensity;

4) Incremental Time (in seconds) was calculated as the difference
between time to peak intensity and arrival time;

5) Enhancement slope (dB/s) was calculated as the ratio between
intensity peak and incremental time

6) Area under the curve (AUC) during wash-in (dB x sec) was
calculated from the point of the increase in image intensity
greater than 5 dB above the baseline to the peak intensity;

7) AUC during washout (dBs) was calculated from the peak
intensity to the end of 1 minute acquisition;

8) minute residue value (averaged contrast enhancement values
at 58 to 60 seconds);

9) minute wash-out rate (calculated according to the following

equation: 1-minute wash-out rate = (peak enhancement value
— l-minute residue value)/peak enhancement value x100.

The IJV valve incompetence with retrograde flow was
considered when microbubbles appeared on B-mode imaging in
the internal Jugular vein before than in carotid artery.

Time Intensity Curve Shape Analysis. The time-depen-
dent signal intensity changes of imaged area was classified into one
of six predefined TIC shape categories, which is associated with a
color (Fig 1).

A curve was generated for every participant and the distribution
of the different TIC shapes throughout the IJV was described
(Fig.1).

Collateral Vein. We also assessed the left and right
prominence of the other most important veins in the neck visible
on CEUS imaging of the neck: external jugular veins, anterior
jugular veins, facial veins, thyroid veins, and deep cervical veins.
The number of collateral veins for the right and left side of the
neck was counted.
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Figure 1. Graph of six time-intensity curves shape types (TIC). Type 1 shows slow enhancement followed by wash out phase; type 2 fast
enhancement followed by wash out phase; type 3 fast enhancement followed by plateau phase; type 4 fast enhancement followed by gradual
enhancement increase; type 5 fast enhancement followed by a short time wash out and by a second peak of enhancement; type 6 unclassified
enhancement. Type 1-2 TIC shapes were considered indicative of fast wash-out. Type 3-4-5 were considered indicative of a slow venous wash-out.

doi:10.1371/journal.pone.0092730.g001

Statistical Analysis

Continuous data were reported as median and range, and
categorical data as percentages. For descriptive statistics and
analysis of continuous data the U test (Mann-Whitney) or, to
compare more than two groups, Kruskal-Wallis analysis of
variance was used. The post hoc analysis was performed by
means of the Dunn test. The Spearman’s rank correlation (pj)
coefficient to assess inter-variable correlation was used. Fisher’s
exact test, and the %> test were used. Residual analysis was
performed to assess differences in the distribution of venous
criteria among MS subtypes. Significance was denoted when p was
<0.05 by using two-tailed tests. Statistical analyses were
performed using SPSS (version 18.0 Chicago, IL).

Results

Demographic and clinical data of MS patients, CIS, and control
groups are shown in Table 1. Significant differences in age, EDSS,
MSSS and disease duration were evident in the subgroups. MS
patients belonged to three clinical subtypes (32 RR, 20 SP and 6
PP), and were treated in 55% of cases with various disease modify
therapies (interferon beta-1, natalizumab, glatiramer acetate,
fingolimod, azathioprine, and mitoxantrone).

The contrast agent was well tolerated in all individuals, without
substantial side effects. Internal jugular vein wash-out rate and
wash-out AUC were significantly increased in patients with MS
compared with CIS and HCs (Table 2). Internal jugular vein
reflux was observed in 14 veins. Even after jugular veins with
retrograde flow were excluded from the statistical analysis, wash-
out rate values remained significantly lower in the MS group
compared to HCs and CIS [in MS patients without retrograde
flow WO rate was 24.7% (range, 2.7-64.1%) CIS 29.2% (range,
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13.3-42.9%) and HCs 35.4% (range, 16.2-76.8%) p<<0.05]. No
significant differences were found between the MS, CIS and HCs
in all wash-in parameters excluding intensity peak and AUC wash-
in (Table 3). The right jugular vein was significantly larger than
left jugular vein (CSA in right [JV 0.83 cm? vs. left IJV 0.67 cm?
p=0.028) and showed lower WO rate [WO rate right 19.7%
(2.74-53.44) left 24.9% (5.32-65.86)] and higher intensity peak
[right 91.2 dB (5.88-122.68) left 87.13 dB (6.69-121.9)]. All wash-
out time parameters were similar in male and female patients with
MS. No difference was found between treated and untreated
patients with MS (p=0.857).

There was a significant association between age at onset,
increased EDSS and decreased WO rate in MS patients (table 3)
calculated for each patient as the lowest value between the two IJV
that is the value that takes into account for each patient the more
diseased vein (age at onset r = —0346 EDSS r= —0.402, p<<0.05,
Table 3).

The TIC pattern of the HCs consisted predominantly type 2
fast WO (fast wash-in enhancement followed by fast WO phase)
and was observed in 73% of HCs in 16% of MS patients. The TIC
pattern predominantly in MS patient was type 3 [fast wash-in
enhancement followed by delayed WO (46.4% of MS patients and
8.3% of HCs; p<<0.001)] (Figure 2).

Subjects with higher number of collateral veins (>2 collaterals)
showed higher IJV intensity peak [82.3 dB (4.8-122.6) vs. 91.0 dB
(5.9-122.7) p=0.044]. A non-significant trend to higher residual
value and AUC WO [residual value 59.2 dB (1.5-109.2) vs. 72.3
dB (3.7-114.2) p=0.07; AUC WO (2 429 (784 464) vs. 2 757
(1094 537) p=10.083] was observed in MS patients with higher
number of collaterals.
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Discussion

We utilized CEUS to describe and quantify the IJV outflow in
MS, CIS and HC. The main result was that MS patients showed,
on average, approximately 30% reduction of the venous outflow
through the IJV in supine position measured as WO rate
percentage. The WO rate was reduced more in patients with
primary progressive MS than in patients with RR MS or CIS.
These findings suggest than the altered IJV dynamics could be a
consequence rather than a cause of MS.

These data are in agreement with other studies that showed
impaired blood flow from the brain to the heart in patients with
MS, with on average 63.5% higher hydraulic resistance of the
cerebral-venous drainage system [29].

Altered venous outflow was also demonstrated in other studies
using MR imaging [30], Pletismography [31] and Flebography
[32] in patients with Multiple Sclerosis associated with CCSVI, a
condition characterized by impaired venous outflow from the
central nervous system to the heart [33-34]. One common feature
of CCSVI is stenosis of one or both IJV with a greater cerebral
venous outflow resistance [31] that could reduce the flow rate of
the ultrasound contrast agent through the IJV.

The IJVs are the main drainage route for the cerebral venous
system in supine position; in standing position these veins collapse
and allow little blood flow. At steady-state the arterial inflow into
the cranium must equal the venous outflow from the cranium. In
MS patients the arterial inflow is preserved [35] since a reduction
of venous outflow should result in an increase in the conduit’s
compliance, reduced flow pulsatility and increase outflow through
collateral veins. Instead the upstream distention of the periven-
tricular veins [36-37] is much more likely to be caused by
constriction of the intracranial veins, perhaps by compression by
inflammatory perivascular cuff.

PLOS ONE | www.plosone.org 4

Table 1. Demographic and clinical characteristics of HCs, CIS patients, all MS patients and MS subtypes patients.
HCs cIs MS Patients
MS Subtypes
Whole Group p® RR SP PP p
No.of Subjects 13 7 58 32 20 6
M 9 3 13 7 2
F 4 4 45 0.089 25 18 2
Age (y) 35 33 41 0.002 35 43 49 0.001
(23-54) (27-41) (25-60) (25-54) (27-55) (35-60)
Onset age(y) 27 29 0.336 26 31 36 0.061
(24-41) (8-47) (8-37) (19-37) (22-47)
Disease duration (y) 1 4 <0,001 8 1 15 0.002
(0-7) (2-7) (1-31) (2-30) (6-18)
EDSS 2 4.2 <0,001 35 4.5 6 <0,001
(1,5-3,5) (2-6,5) (2,0-4,5) (3,0-6,0) (4,5-6,5)
MSSS 2 1.78 <0,001 35 4.5 55 <0,001
(1,5-3,5) (0,13-12,76) (2,0-4,5) (4,0-6,0) (4,5-6,5)
Data are expressed as median and range (in brackets). There were no statistically significant differences between HCs and MS patients in age (p =0.721; 0.153) or sex
(p=0.148; 0.332). 8 Mann-Whitney U test between CIS and MS patients. * Kruskal Wallis one-way analysis of variance among MS patients.
HCs = healthy controls subjects; CIS = clinically isolated syndrome; MS = multiple sclerosis; MS Subtypes: RR = relapse remitting; SP= secondary progressive, PP =
primary progressive.
doi:10.1371/journal.pone.0092730.t001

The association of IJV WO rate with EDSS score suggest that
outflow changes could be related to MS disability and pathophys-
iology. Although many studies showed higher frequency of IJVs
anomalies in MS patients, there are not evidence for significant
associations with disability [38]. Our results are comparable to the
studies that utilize quantitative methodology to evaluate alteration
of cerebral venous drainage [39-40]. The IJV wash-out rate could
represent a more comprehensive quantitative measure of the
severity of drainage impairment and, therefore, may be more
useful in predicting clinical outcome than other imaging modalities
that outcome categorical diagnosis.

The slope enhancement, peak intensity, and time to peak values
are similar in MS and HCs and indicates that total amount of
contrast agent passing through the ROI is similar in MS and HC
and that venous filling with blood coming from the brain occurs
with normal velocity. Therefore, the differences in the time courses
(expressed as higher plateau of the wash-out phase) indicate an
obstructive pattern with slower drainage of the vein, reduction of
outflow and accumulation of contrast in the vessel.

Time Intensity Curve reflects the inflow and outflow venous
dynamics represents venous physiology and could be associated
with venous patency or obstruction. Using TIC shape analysis in
our study, it was possible to demonstrate a significant difference
between patients with MS and HCs. The TIC shapes differed
significantly in the two groups. The type 2 TIC shape consists of a
rapid enhancement phase followed by an early washout is the
more frequently observed in healthy controls and is the normal
IJV dynamics. TIC shapes with initial rapid enhancement
followed by a plateau phase or gradual increase of the
enhancement, or by a second peak of enhancement were
associated with MS. The association of IJV TIC shapes and
disease status is quite new in MS research and we believe that this
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Table 2. Parameters of time intensity curve in Healthy Controls (HCs). CIS and patients with MS.

HCs cIs MS patients
MS Subtypes
Whole group p RR SP PP p*

1JV CSA supine (cm?) 0.8 0.4 0.8 0.207 0.7 0.8 1.2 0.184
(0.4-2.1) (0.3-1.3) (0.1-3.4) (0.1-2.2) (0.1-3.4) (0.1-2.3)

Wash-in parameters

Intensity Peak (dB) 81.2 83.2 91.0 0.040 88.6 92.7 102.6 0.135
(4.9-99.6) (53.0-121.5) (5.9-122.7) (5.9-122.7) (7-121.9) (10.5-119.7)

Incremental Time (s) 9.0 9.5 10.1 0.115 10.1 10.0 10.4 0.341
(6.9-14.1) (5.9-12.9) (4.9-27.9) (5.1-27.9) (4.9-18.3) (5.5-17.1)

Enhancement Slope (dB/s) 8.7 10.1 8.6 0.534 8.8 8.0 8.7 0.784
(0.7-12.6) (5.1-15.9) (0.6-21.0) (0.6-18.5) (1.4-13.7) (1.7-21.0)

Time to Peak intensity (s) 233 220 232 0.257 232 226 26.0 0.326
(18.1-33.4) (16.2-26.2) (6.5-38.0) (14.8-38.0) (6.5-36.6) (18.4-33.6)

AUC wash in (dBs) 346 442 505 0.013 501.5 527.8 741 0.046
(14-715) (260-705) (19-1725) (29-1725) (19-1166) (26-957)

Wash-out parameters

Residual value (dB) 53.9 57.2 70.4 0.009 66.8 72.0 85.5 0.035
(1.5-72.1) (34.8-98.4) (70.4-114.2) (3.7-114.2) (4.3-101.3) (4.3-105.0)

Wash-out rate (%) 334 30.0 222 0.003 229 235 16.0 0.014
(16.2-76.8) (8.1-43.0) (2.7-65.9) (2.7-65.9) (5.7-57.1) (10.4-64.1)

Lower value 283 21.6 17.1 0.014 18.2 18.2 14.5 0.036
(16.2-45.1) (8.6-36.1) (2.7-49.5) (2.7-49.5) (5.7-46.8) (10.4-24.5)

AUC wash-out (dBs) 2241 2617 2 701 0.023 2701 2 630 3136 0.098
(78-3 010) (1 437-4 167) (109-4 537) (109-4 537) (266-4 424) (246-3 938)

* Kruskal-Wallis analysis of variance.
All results are expressed for veins only the lower wash-out rate was evaluated for patients and calculated as the lowest value between the IJV for each patient.
doi:10.1371/journal.pone.0092730.t002

simplified method might be useful to distinguish MS patients with

or without associated vein outflow reduction/obstruction.

Whereas arterial flow is tightly regulated and primarily
controlled by metabolic demand, the lower blood pressure of the

Table 3. Cross-correlation matrix coefficients.

venous system makes venous flow more dependent on physiolog-
ical conditions such as respiration and posture. The motor
mechanisms of cerebral venous return are represented by the
cardiac output, the so called vis a tergo, and by aspiration of the

Age at disease total relapses in the
Age (y) onset (y) duration (y) EDSS MSSS relapses (n) last 2 years
1JV CSA (cm?) 0.215 0.155 0.195 0.089 0.300* —0.061 0.105
Wash-in parameters
Intensity Peak (dB) 0.129 0.238 =0.117 0.054 —0.069 0.207 —0.125
Incremental Time (s) 0.185 0.099 0.156 0.025 —0.089 —0.251 0.055
Enhancement Slope (dB/s) —0.027 0.187 0.256* —0.074 —0.115 0.247 —0.160
Time to Peak intensity (s) 0.286* 0.302* 0.124 0.012 0.032 -0.177 0.194
AUC wash in (dBs) 0.126 0.139 0.085 0.161 —0.061 0.025 —0.085
Wash-out parameters
Wash-out rate (%) —0.067 —0.204 —0.005 —0.038 0.044 —0.137 0.065
Lower value —0.135 —0.346* —0.082 —0.402* —0.252 —0.120 0.024
AUC wash-out (dBs) —0.019 0.179 —0.135 0.066 —0.118 0.222 —0.132
The numbers represents the Spearman'’s rank correlation coefficient value. * p<<0.05.
doi:10.1371/journal.pone.0092730.t003
PLOS ONE | www.plosone.org 5 March 2014 | Volume 9 | Issue 3 | 92730
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Figure 2. Frequency of Time intensity curve shapes in the different groups of subjects. The curve shapes 1-2 corresponds to a fast wash-

out. The curve shapes 3-5 corresponds to slow wash-out.
doi:10.1371/journal.pone.0092730.g002

atrium and pleural cavity, or vis a fronte [14-15]. The aspiration
effect of the blood is a consequence of the negative pressure of the
pleural cavity in inspiration [14]. Such mechanism of aspiration
determined by the respiratory pump is particularly relevant in IJV.
Therefore one hypothesis is that alteration of IJV outflow might be
secondary to reduction of driving force of thoracic pump due to a
weak respiratory muscular contraction of the chest [41] occurring
early in the disease course and gradually worsening over time or
secondary to some medications, such as muscle relaxants, that can
depress breathing.

A raised pressure in the jugular veins could also be an earliest
evidence of general systemic congestion, heart failure, hyperkinetic
circulatory states, increased blood volume, bradycardia, increased
intrapericardial, intrathoracic or intra-abdominal pressure, partial
obstruction of the superior vena cava and tricuspid stenosis.
However all these conditions have been ruled out in patients in this
study who were almost all young and without other cardiac or
systemic diseases associated with Multiple Sclerosis.

Moreover, compression of the veins draining the central
nervous system by a muscle can be another cause of compromised
cerebral venous outflow. The omohyoid muscle is usually located
next to the IJV and it is known that an atypical omohyoid muscle
can compress the IJV and in this way may affect cerebral venous
drainage [42]. Recently Dolic et al., using MR venography, found
that 22% of MS patients present with extraluminal abnormalities
of the IJVs [43]. Jayaraman et al., who evaluated these veins using
CT angiography [44], found a similar prevalence of severe
extrinsic stenosis of the IJVs. Many investigators found reduced
CBF in the GM and WM of patients with MS [2,45], in the deep
grey matter the magnitude of CBF reduction increase with the
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severity of the disease [46] suggesting a continuum of decreased
tissue perfusion, beginning in the withe matter and spreading to
the grey matter as the disease progresses.

Increased blood concentrations of the vasocostrictive compound
endothelin-1 (ET-1) in patients with MS might also contribute to
the slowdown of cerebral outflow [47].

A limit of the study is the low number of the control group due
to ethical limitations to the use of contrast agent in normal subjects
without any clinical indications.

A general limitation of quantifying replenishment kinetics is the
dependence on the microbubble destruction and detection that
could cause more complex replenishment kinetics.

Although the ultrasound contrast agent used in this study is
known to be not soluble in blood and the low mechanical index
harmonic imaging technique was used to limit bubble destruction,
some microbubbles may have been inherently destroyed during
the 1-minute scanning that we have used. Therefore, the wash-out
of microbubbles in the region of interest on contrast-enhanced
sonography might have been exaggerated compared with the
actual blood wash-out and with the contrast wash-out in CT or
magnetic resonance perfusion studies.

In conclusion, these results suggest that MS is associated with
changes in the dynamics of the internal jugular vein.
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