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Abstract

Objective: This study is the first in a series investigating the relationship between autonomic nervous system dysfunc-

tion and chronic cerebrospinal venous insufficiency in multiple sclerosis patients. We screened patients for the combined

presence of the narrowing of the internal jugular veins and symptoms of autonomic nervous system dysfunction (fatigue,

cognitive dysfunction, sleeping disorders, headache, thermal intolerance, bowel/bladder dysfunction) and determined

systolic and diastolic blood pressure responses to balloon angioplasty.

Methods: The criteria for eligibility for balloon angioplasty intervention included �50% narrowing in one or both

internal jugular veins, as determined by the magnetic resonance venography, and �3 clinical symptoms of autonomic

nervous system dysfunction. Blood pressure was measured at baseline and post-balloon angioplasty.

Results: Among patients who were screened, 91% were identified as having internal jugular veins narrowing

(with obstructing lesions) combined with the presence of three or more symptoms of autonomic nervous system

dysfunction. Balloon angioplasty reduced the average systolic and diastolic blood pressure. However, blood pressure

categorization showed a biphasic response to balloon angioplasty. The procedure increased blood pressure in multiple

sclerosis patients who presented with baseline blood pressure within lower limits of normal ranges (systolic

�105 mmHg, diastolic �70 mmHg) but decreased blood pressure in patients with baseline blood pressure above

normal ranges (systolic �130 mmHg, diastolic� 80 mmHg). In addition, gender differences in baseline blood pressure

subcategories were observed.

Discussion: The coexistence of internal jugular veins narrowing and symptoms of autonomic nervous system dysfunc-

tion suggests that the two phenomena may be related. Balloon angioplasty corrects blood pressure deviation in multiple

sclerosis patients undergoing internal jugular vein dilation. Further studies should investigate the association between

blood pressure deviation and internal jugular veins narrowing, and whether blood pressure normalization affects Patient’s

clinical outcomes.
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Introduction

Multiple sclerosis (MS) is a chronic inflammatory dis-
ease of the central nervous system (CNS). The disease is
relapsing or progressive, with multiple pathologies,
including demyelination and axonal injury and loss,
leading to deficits of motor, and neurocognitive func-
tion.1,2 It is the most common neurological disease in
young adults3 and has heterogeneous clinical and
radiographic manifestations.4 The exact etiology of
MS is unknown. However, it is thought that genetic5

and epigenetic6 factors interact with the environmental
factors for determining the initiation and the progres-
sion of MS.
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Among environmental factors, infectious agents,
especially Epstein Barr virus, have been studied exten-
sively for their role in triggering MS through molecular
mimicry.7,8 Another environmental factor, thought to
be involved in the etiology of MS, is the latitude, which
in turn is related to the degree of exposure to ultraviolet
sunlight, catalyzing the production of 1,25-dihydroxy-
vitamin D3 in the skin.9,10

A newer theory of the vascular etiology of MS is the
chronic cerebrospinal venous insufficiency (CCSVI).
This theory, put forward by Zamboni, proposes that
CCSVI is caused by impaired cerebrospinal fluid
(CSF) flow dynamics and lower brain perfusion.
These anomalies are associated with venous reflux
and congestion, leading in turn to iron deposition and
neuroinflammation. The impairments in the principal
pathways of extracranial venous drainage mostly
affect the internal jugular veins (IJVs), the vertebral,
and the azygos veins.11,12

Although, there are no absolute uniform criteria,
and the sensitivity to detect IJV’s narrowing varies
with the method of measurement,13 using two of the
five duplex ultrasound criteria for CCSVI diagnosis,
Zamboni group reported CCSVI in all MS patients
and none in the controls.11,14 Two additional studies
confirmed Zamboni’s findings, but the rate of CCSVI
was lower among MS patients and was higher among
control groups.15,16 However, these studies were all
accompanied with methodological bias.17

A more recent multi-center study showed the preva-
lence of CCSVI to be 86% among MS patients,
although marked differences in these percentages were
observed among centers.18 In addition, the prevalence
of CCSVI was higher among secondary progressive MS
patients, correlating with MS disease severity, as indi-
cated by the EDSS scores.18

Nevertheless, the validity of Zamboni’s theory was
challenged by the results of a study showing a lack of
association between CCSVI and cerebral blood flow
dynamics; similar cerebral blood flow was registered
between MS patients and control groups.19 In addition,
MRI studies did not show differences in IJV morph-
ology, reflux, or proportion of blood leaving the brain
between MS patients and control subjects.20

Furthermore, 3T magnetic resonance venography
(MRV), phase contrast angiography, and multi-phase
3D contrast-enhanced MRI angiography analyses of
the intracranial and extracranial neck veins did not
show significant differences between the drainage pat-
terns of MS patients and control subjects, and no
venous backflow was observed in the two groups.21

In addition, MS patients present with heterogeneous
pattern of autonomic dysfunction (ANS). Symptoms of
ANS dysfunction include heart rate and blood pressure
(BP) abnormalities during rest and during standing,

headache, micturation, sudomotor, and gastrointestinal
disturbances.22,23 Furthermore, ANS dysregulation has
been shown to contribute to cognitive dysfunction,24

fatigue,25 and sleep disorders,26 which are often
observed in MS patients.

In addition, venous dilation angioplasty to correct
venous obstruction, although controversial, has been
shown to have an acceptable safety profile27,28 and clin-
ical efficacy28,29 in MS patients. This intervention has
been shown to also improve indicators of ANS dys-
function, including fatigue and heat intolerance in
77% of patients after a 6-month follow-up.30

Similarly, the correction of extracranial IJVs and
azygos veins stenosis/occlusion led to 68% and 53.0%
improvements in the clinical and psychological compo-
nents of the MS impact scale (MSIS) scores, respect-
ively, at 1 month post-treatment.28 The physiological
and psychological components of the MSIS include
symptoms of ANS dysfunction, such as bladder and
bowel dysfunction, depression, fatigue, and sleep dis-
orders, which were all improved post-endovascular
intervention.28

Furthermore, the rate of annual relapse was
reduced post-treatment, and the EDSS scores, recorded
2 years after endovascular intervention, were lower
than EDSS scores recorded before treatments.29 These
results collectively suggest that endovascular inter-
vention of MS patients could improve ANS function
and slow the progression of the disease.

We hypothesized that CCSVI might be linked the
symptoms of ANS dysfunction31 and monitored
patients for the combined presence of IJVs narrowing
and symptoms of ANS dysfunction (fatigue, cognitive
dysfunction, sleeping disorders, headache, thermal
intolerance, bowel/bladder dysfunction). In addition,
we examined BP responses to balloon angioplasty
(BA) in MS patients who underwent IJVs dilation.

Methods

The study involved MS patients who visited the
Endovascular Clinic (Synergy Health concepts,
Newport Beach, CA) between 2011 and 2012. Patients
were screened for the combined presence of IJVs nar-
rowing and symptoms of ANS dysfunction. BA was
offered to patients who were diagnosed having �50%
narrowing in one or both IJVs as confirmed by MRV
(Siemens 3T TRIO scanner, Siemens Medical Solutions
USA, Inc. 51 Valley Stream Parkway, Malvern, PA),
which was based on the Haacke protocol (http://
www.ms-mri.com/docs/ms-report-interpretation-sep-10-
10-emh-9pm.pdf), and by the documentation of three or
more symptomsofANSdysfunction,whichwere assessed
using CCSVI symptom sheet. Based on these criteria, 195
patients were eligible to undergo the BA procedure.
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Indicators of ANS dysfunction included fatigue
(measured by Modified Fatigue Impact Scale), cogni-
tive impairment (measured by Perceived Deficits
Questionnaire), and bladder and bowel dysfunction
(measured by Bladder Control Scale and Bowel
Control Scale, respectively). Sleeping disorder, head-
ache upon awakening, and thermal intolerance were
assessed with customized questions using a 1–5 scale
for consistency.

Patients with hypercoaguable state and pregnant
patients were excluded from the study. A single meas-
urement of systolic and diastolic BP was performed
manually (by a sphygmomanometer) in sitting position,
24 hours before (baseline) and 24 hours post-IJV BA.
BP measurements were performed at the same time � 2
hours during the day, in a room temperature which was
tightly regulated at 70�C, due to thermal sensitivity of
the population involved.

The study was approved by the Biomed IRB and
consent was obtained from each patient before the
day of surgery.

Statistical analysis

All statistical analyses were performed using SPSS 14.0
for Windows (SPSS Institute, Chicago, Illinois, USA).
Repeated ANOVA, co-varied for age and disease dur-
ation, was used to examine the differences in systolic
and diastolic BP before and after BA. ANOVA, co-
varied for age, disease duration, and the use of anti-
hypertensive drugs, measured the differences in baseline
BP between males/females, and between RRMS/
chronic progressive (CP)MS. We also categorized the
BP variable and investigated the relationship between
this variable and other indicators of ANS dysfunction
using logistic regression and Kendall Tau, incorporat-
ing relevant covariates.

Results

Table 1 presents the demographics and the character-
istics of MS patients who were diagnosed as having
both IJVs narrowing and symptoms of ANS dysfunc-
tion. Among MS patients who were screened, 91%
identified as having both IJVs with flow obstruction
and three or more symptoms of ANS dysfunction.
The average age for patients was 47.8� 10.8 years
with significant difference between males (50.2� 11.0
years) and females (46.5� 10.5 years, p¼ 0.03), and dis-
ease duration was 12.5� 9.2 years. Most of patients
were those who refused drug treatment for their symp-
toms; therefore, the number of patients who used dis-
ease modifying therapies (DMTs) was relatively
low (7.7%). Among patients, 151 were relapsing remit-
ting (RR) MS and 44 were chronic progressive (CP)

(23 secondary progressive (SP) and 21 primary progres-
sive (PP)).

The percentages of MS patients who presented with
headache upon waking were significantly lower (42%)
than those who presented with cognitive dysfunction
(63.5%), fatigue (77.4%), sleeping disorders (57.9%),
thermal intolerance (73.8%), and bowel/bladder dys-
function (76.4%) (p values< 0.0001). In addition, the
percentages of patients with cognitive dysfunction were
lower than percentages of patients with fatigue, thermal
intolerance, and bowel/bladder dysfunction (p values
from 0.001 to 0.03). The percentages of patients with
sleeping disorders were lower than patients with fati-
gue, thermal intolerance, and bladder/bowel dysfunc-
tion (p values from 0.0001 to 0.0005).

Table 2 and Figure 1(a) present the average systolic
BP and Table 2 and Figure 1(b) present the diastolic BP
before and after BA in 195 patients as well as the min-
imum and the maximum percent changes in these vari-
ables. Among MS patients, the systolic and diastolic BP
ranged between 87 and 215mmHg and from 52 to
109mmHg, respectively.

Table 1. MS patients’ demographics and characteristics. Age

and disease duration are presented as the mean � SD.

Patient’s characteristics

Total (n) 195 (69 M–35%)

age (years) 47.8 � 10.8 (25–77)

Male 50.2 � 11.0 (26–77)

Female 46.5 � 10.5 (25–77)

p Value 0.03

disease duration (years) 12.5 � 9.2 (2–60)

Male 13.6 � 10.4 (2–60)

Female 11.9 � 8.4 (2–41)

p Value 0.32

RRMS 151 (77.4%)

CPMS (SPMSþPPMS) 44 (22.5%)

Drugs’ use

DMTs 15 (7.7%)

Anti-hypertensives 11 (5.6%)

Symptoms of autonomic dysfunction n (%)

Cognition 124 (63.5%)

Fatigue 151 (77.4%)

headache 82 (42.0%)

Sleep disorder 113 (57.9%)

Thermal intolerance 144 (73.8%)

Bladder 149 (76.4%)

Bowel 149 (76.4%)

CP: chronic progressive; DMT: disease modifying therapies; MS: multiple

sclerosis; n: number of subjects; RRM: relapsing remitting; PP: primary

progressive; SP: secondary progressive. p� 0.05 is considered significant.
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BA reduced significantly both systolic
(122.8� 19.4mmHg vs. 120.0� 17.6mmHg, p¼ 0.03)
and diastolic (81.4� 11.1mmHg vs. 79.3� 11.3mmHg,
p ¼ 0.009) BP. In addition, changes (�) in systolic (r ¼
0.468, p <0.0001) and diastolic (r¼ 0.508, p< 0.0001) BP
correlated positively with the baseline systolic and diastolic
BP, respectively.

Subsequently, we categorized systolic and diastolic
BP from low to high, adding 10–15mmHg to each sub-
sequent level, allowing adequate number of patients in

each subcategory for optimal power analysis. The lower
ranges of systolic (�105mmHg) and diastolic
(�70mmHg) BP is an approximation of the average
BP in 195 patients minus one standard deviation.

The BP categorization showed a biphasic response to
BA. At the lower ranges of �105mmHg systolic BP, BA
intervention led to a significant rise in systolic BP from
98.5� 4.5mmHg to 103.9� 13.7mmHg, p¼ 0.03. BA
had no significant effects on systolic BP ranging from
106 to 130mmHg. However, at higher ranges of systolic

Table 2. The effects of BA on systolic and diastolic BP deviations. The presented data are the mean � SD. p Values are corrected for

confounding factors, including age, disease duration, and use of anti-hypertensive drugs.

Systolic BP (mmHg) n Pre-BA (mmHg) Post-BA (mmHg) p value min/max change (%)

�105>150 195 122.8 � 19.4 120.0 � 17.6 0.03 (�63.7/þ51.6)

�105 34 98.5 � 4.5 103.9 � 13.7 0.03 (�63.7/þ24.5)

106–120 65 113.7 � 4.1 115.0 � 12.8 0.4 (�32.1/þ17.6)

121–130 41 125.5 � 2.8 124.0 � 12.8 0.4 (�21.5/þ20.3)

131–140 25 134.5 � 2.8 130.0 � 12.0 0.07 (�19.3/þ19.1)

141–150 16 145.1 � 3.1 130.1 � 14.0 <0.001 (�3.0/þ26.1)

>150 14 169.8 � 17.8 141.2 � 25.4 <0.001 (�1.9/þ51.6)

Diastolic BP (mmHg)

�70>100 195 81.4 � 11.1 79.3 � 11.3 0.009 (�36.5/þ52.1)

�70 39 66.0 � 4.4 71.5 � 8.0 <0.001 (�36.5/þ14.5)

71–80 54 76.1 � 2.9 77.1 � 9.0 0.4 (�31.6/þ24.3)

81–90 60 85.6 � 2.8 79.5 � 10.3 <0.001 (�13.3/þ51.2)

91–100 36 94.8 � 2.5 88.4 � 12.0 0.001 (�22.8/þ52.1)

>100 6 106.3 � 2.1 93.8 � 4.5 0.003 (þ5.7/þ50.8)

BA: balloon angioplasty; BP: blood pressure.

p� 0.05 is considered significant.
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Figure 1. The effects of balloon angioplasty (BA) on systolic (a) and diastolic (b) blood pressure (BP) deviations. The presented data

is the mean � SEM. p values are corrected for confounding factors, including age, disease duration, and use of anti-hypertensive drugs.

Asterisks indicate significance; p� 0.05 is considered significant.
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BP of 131–140mmHg, 141–150mmHg, and systolic BP
>150mmHg, BA reduced BP from 134.5� 2.8mmHg to
130.0� 12.0mmHg, p¼ 0.07, from 145.1� 3.1mmHg
to 130.1� 14.0mmHg, p< 0.001, and from
169.0� 17.8mmHg to 141.2� 25.4mmHg, p< 0.001,
respectively (Table 2 and Figure 1(a)).

In addition, at the lower ranges of diastolic BP
of �70mmHg, BA led to a significant increase in dia-
stolic BP from 66.0� 4.4mmHg to 71.5� 8.0mmHg,
p< 0.001, but had no significant effects on diastolic BP
ranging from 71 to 80mmHg. However, at higher ranges
of diastolic BP of 81–90mmHg, 91–100mmHg, and
>100mmHg, BA reduced diastolic BP from
85.6� 2.8mmHg to 79.5� 10.3mmHg, p< 0.001, from
94.8� 2.5mmHg to 88.4� 12.0mmHg, p¼ 0.001, and
from 118.5� 29.7mmHg to 93.8� 4.5mmHg,
p¼ 0.003, respectively (Table 2 and Figure 1(b)).

Gender stratification

Gender stratification, corrected for differences in age,
disease duration, and the use of anti-hypertensive
drugs, showed significantly higher systolic BP in
males as compared to their female counterparts
(130.1� 19.9mmHg vs. 118.8� 18.0mmHg,
p¼ 0.001). Similarly, the diastolic BP was higher for
males than for females (83.3� 10.5mmHg vs.
80.4� 11.3mmHg, p¼ 0.08). After BA, the differences
in the systolic (126.2� 15.9mmHg vs. 116.6�
17.5mmHg, p< 0.001) and diastolic (81.8� 9.6mmHg
vs. 77.9� 12.0mmHg, p¼ 0.02) BP between the two
groups remained significant.

Subsequently, we calculated the percentages of males
and females within lower limits of systolic
(�105mmHg) and diastolic (�70mmHg) BP, males
and females who had systolic and diastolic BP within
106–130mmHg ranges, and 71–80mmHg ranges, and
males and females who had systolic and diastolic BP
>130mmHg and >80mmHg, respectively. These cate-
gories were based on BP ranges which showed signifi-
cant or near significant changes post-BA.

A smaller percentage of males showed systolic (2.8%
vs. 25.4%, p¼ 0.001) and diastolic (11.5% vs. 24.8%,
p ¼ 0.13) BP at lower normal ranges than females.
However, a higher percentage of males had systolic
BP >130mmHg (39.1% vs. 22.2%, p¼ 0.07) and
diastolic BP >80mmHg (58.0% vs. 49.2%). In add-
ition, the prevalence of thermal intolerance was
higher among females than among males (p¼ 0.02)
(Figure 2(a) and (b)).

Stratification by disease stage

Patients’ stratification to CPMS and RRMS patients
(corrected for age, disease duration, and the use of
antihypertensive drugs) showed a tendency toward
a higher baseline systolic (123.4� 22.7mmHg vs.
122.6� 18.4mmHg) but no differences in diastolic
(81.2� 12.4mmHg vs. 81.5� 10.7mmHg) BP in
CPMS patients as compared to RRMS patients. BA
procedure widened the differences in systolic
(121.4� 18.6mmHg vs. 119.6� 17.2mmHg) and dia-
stolic (80.8� 12.6mmHg vs. 78.9� 10.9mmHg) BP
among groups, but these differences remained
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statistically non-significant. However, the prevalence of
fatigue (p¼ 0.02), cognitive dysfunction (p¼ 0.011),
and sleeping disorders (p¼ 0.042) were higher in
CPMS patients than in RRMS patients.

Correlation studies

Non-parametric correlation studies using Kendall Tau
showed a relationship between systolic BP and sleeping
disorders (r¼ 0.163, p¼ 0.02). In addition, post-BA
changes (�) in diastolic BP correlated with cognitive
dysfunction (r¼ 0.215, p¼ 0.002), the latter in turn cor-
related with fatigue (r¼ 0.152, p¼ 0.03) and headache
(r¼ 0.212, p¼ 0.003), and headache correlated with
sleeping disorders (r¼ 0.136, p¼ 0.05). Bowel dysfunc-
tion correlated strongly with dysfunction of the bladder
(r¼ 1.0, p¼ 0.00), but these two symptoms did not
show relationship with either BP or with other symp-
toms of ANS dysfunction (Table 3).

Discussion

This study screened MS patients for the co-existence of
ANS dysfunction symptoms and CCSVI. Among MS
patients who presented in the clinic between 2011 and
2012, 91% were identified as having both IJVs narrow-
ing and symptoms of ANS dysfunction, suggesting a
strong association between the two phenomena. This
conclusion is further supported by the results of studies
showing that endovascular treatment improves indica-
tors of ANS dysfunction, including bladder and bowel
dysfunction, depression, fatigue, sleep disorders, and
heat intolerance.28–30

BA treatment also led to BP reduction in hyperten-
sive subjects. Our results are consistent with studies
showing that, dilation of the internal carotid arteries
of patients with atheromatous stenosis results in the
stimulation of baroreceptors and an increase in cardio-
vagal activity, leading to a reduction in BP lasting up to
24 hours.32

However, unlike the arterial system, which is
equipped with high pressure baroreceptors, the
venous system is equipped with low pressure barorecep-
tors. These baroreceptors have the function of adjust-
ing blood volume via sensing the central venous
pressure. Nevertheless, BA has the potential to activate
arterial high pressure baroreceptors, depending on the
degree of changes in central venous pressure.33

In addition, the response to BA was biphasic
depending on baseline BP levels and was affected by
the degree and direction of the BP deviation. BA led
to an increase in BP, in those patients who presented
with BP below normal ranges, but decreased in those
patients who had BP above normal ranges. The changes
in BP were more significant when BP was above normal
ranges than below it. Our results suggest that BA’s
effect on BP depends on the setting of the baroreceptors
and on the degree of BP deviations from the normal
ranges.

However, the baroreceptors’ response to changes in
venous pressure may be short-lived, as these receptors
usually reset to previous value after 24–48 hours.
Future studies should measure long-term effects of
BA and determine whether BA-induced IJV dilation
has effects on variables other than baroreflece’s activa-
tion, and whether IJVs restenosis is accompanied by
recurrent BP deviations.

Furthermore, the percentages of female patients pre-
senting with BP in the lower limits of the normal were
significantly higher than males. In contrast, higher per-
centages of males presented with BP values near and
above the normal ranges. This pattern was more pro-
nounced for the systolic, as compared to diastolic BP,
suggesting that MS patients have ANS imbalance
related to the functional activities of both sympathetic
and parasympathetic ANS, the nature of which may be
gender-dependent. Regardless of the type, this imbal-
ance may be among factors contributing to the occur-
rence of CCSVI.

Gender differences in the cardiac ANS tone has
not been studied in MS patients. However, consistent
with our results, spectral power analysis of heart
rate variability in healthy controls show that
women have higher cardiovagal input, whereas men
demonstrate a higher sympathetic activity, both at
baseline and in response to external stressors.34,35

Furthermore, estrogen has been shown to affect cardio-
vascular ANS function, leading to lower BP in
females.36

Since sympathetic37,38 and parasympathetic39,40

ANS have a role in the regulation of inflammatory
and neurodegenerative processes, differences in the
functional activities of these two systems may explain
gender differences in the pathological processes
observed in MS patients.41,42 Nevertheless, future

Table 3. Correlation between BP and ANS dysfunction symp-

toms. p� 0.05 is considered significant.

Variables

Correlation

coefficient p value

Systolic BP/sleeping disorders 0.163 0.02

Diastolic BP/cognitive dysfunction 0.215 0.002

Cognitive dysfunction/fatigue 0.152 0.03

Cognitive dysfunction/headache 0.212 0.003

Sleeping disorders/headache 0.136 0.05

Bowel/bladder dysfunction 1 0

ANS: autonomic nervous system; BP: blood pressure.
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studies should investigate possible gender differences in
CCSVI occurrence and the contribution of steroid hor-
mones to this phenomenon.

The ANS dysfunction symptoms were higher for
fatigue and bladder/bowel dysfunction and lower for
headache and sleeping disorders, suggesting differences
in the occurrences of ANS dysfunction symptoms in
MS patients.43 The degree to which the three branches
of the ANS (sympathetic, parasympathetic, and enteric
system) contribute to the observed clinical symptoms is
unknown. However, fatigue has been shown to be
related to sympathetic ANS dysfunction,44 whereas
thermal intolerance seems to stem from the parasym-
pathetic dysfunction.45 The absence of correlation
between bowel/bladder dysfunction and BP, or between
bowel/bladder dysfunction and other indicators of
ANS dysfunction suggest that these two clinical symp-
toms may have separate causes.

It should be noted that authors are engaged in add-
itional studies, aiming to show the close association
between CCSVI and ANS dysfunction.

Study limitations

Although the results of this study pave the way for
additional investigation of the relationship between
ANS dysfunction and CCSVI, one should point out
study limitations. First, the available BP data were lim-
ited to patients who were positive for IJVs narrowing.
Therefore, it was not possible to determine the relation-
ship between BP deviation and the presence of IJVs
narrowing. Second, there was no patient follow-up to
verify whether changes in BP persist beyond 24 hours,
and whether these changes beneficially influence long
term patient’s clinical outcomes.
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