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Abstract

Background: Endovascular treatment of impaired cerebrospinal venous outflow has been
suggested to improve the overall quality of life in multiple sclerosis (MS) patients. Fatigue and
depression are key factors in measuring the quality of life in MS patients. Objective: In the
present study, we investigated the correlation between anomalous venous outflow and the
seriousness of fatigue and depression in MS patients and healthy controls. Methods: Five ce-
rebrospinal venous outflow parameters were measured in 20 MS patients and age- and sex-
matched controls using extra- and transcranial Colour Doppler sonography. All patients and
volunteers filled out the Fatigue Severity Scale (FSS) and Hospital Anxiety Depression Sub-
scale (HADS). Results: Nine abnormal parameters were found in 8 MS patients, whereas five
abnormal parameters were found in 3 healthy controls (no significant difference). Only 1 MS
patient met the criteria for chronic cerebrospinal venous insufficiency compared to 2 healthy
controls. No significant differences were found in the FSS and HADS scores between patients
with and without abnormal cerebrospinal venous outflow parameters. Conclusions: We found
no significantly impaired cerebrospinal venous outflow in patients with MS versus sex- and
age-matched controls. Furthermore, we did not find any correlation between anxiety or de-
pression and impaired venous outflow in MS patients. © 2014 S. Karger AG, Basel
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Introduction

The pathogenesis of multiple sclerosis (MS) is still not fully understood. It is widely accepted
thatanimmune-mediated process causes inflammation and demyelination of the central nervous
system in MS. Much research is being done to get a better understanding of what triggers and
sustains this inflammatory process. The often perivascular, especially perivenous, location of the
white matter lesions in MS might indicate a vascular involvement in its pathophysiology. This
led the Italian vascular surgeon Zamboni and his colleagues [1] to a new theory linking abnormal
cerebrospinal venous outflow to the pathogenesis of MS. They suggested that chronic cerebro-
spinal venous insufficiency (CCSVI) is strongly associated with relapsing-remitting MS (RRMS)
and primary progressive MS (PPMS). The diagnosis of CCSVI is based on extra- and transcranial
Colour Doppler sonographic examination and venography. CCSVI can be caused by various
venous anomalies (stenosis or obstructions) resulting in an altered extracranial venous outflow,
and therefore, changed cerebral venous haemodynamics [2]. How this correlates with the patho-
genesis of MS has been discussed ever since this theory was first published in 2009.

In the following years, many researchers have tried to confirm these spectacular results
with strikingly variable outcomes. A meta-analysis by Laupacis et al. [3] showed a likelihood
of finding CCSVI in MS patients compared to controls ranging widely from more than a
200-fold increased risk to even a decreased risk.

Eventhough the relevance of anomalous venous outflow in the pathogenesis of MS remains
unclear, Zamboni et al.’s [1] spectacular results inspired many different MS centres to perform
endovascular treatments. The clinical effect of these treatments on patients’ neurological
status is commonly measured by the Expanded Disability Status Scale (EDSS) and the annu-
alised relapse rate. These outcomes vary widely in different studies, making an interpretation
difficult. Overall, according to the results of several studies available today, a significant effect
of endovascular treatment of CCSVI on the objective neurological status has not been proven.
On the other hand, a significant improvement of patients’ (subjective) quality of life has been
suggested in several studies [4-6]. The effect on the quality of life has been measured using
various different instruments like the Multiple Sclerosis Quality of Life-54 instrument (MSQoL-
54), the Multiple Sclerosis Impact Scale-29 (MSIS-29) and non-standardised questionnaires.
Of these different outcomes, fatigue has been described to be one of the most common and
invalidating factors in MS patients. As much as 65-97% of MS patients suffer from fatigue,
limiting them in multiple aspects of everyday life [7-10]. Fatigue is also associated with several
psychosocial problems in MS patients. Malagoni et al. [11] found a dramatic reduction of
perceived chronic fatigue in MS patients with CCSVI after reestablishment of cerebral venous
return suggesting that chronic fatigue is likely the symptom of CCSVL.

In addition, it is estimated that the lifetime risk of depression in MS patients is as high as
50%, compared to 10% in the general population. The prevalence of major depression is also
significantly higher in MS compared to any other chronic disease [12-14]. Prevalence of
anxiety is found to be around 50% in MS patients [12, 15].

In the present study, we investigated the correlation between anomalous venous outflow
and the seriousness of fatigue and anxiety as well as depression in MS patients and age- and
sex-matched healthy controls.

Patients and Methods

Patients

Twenty MS patients of the outpatient department of the St. Antonius MS centre, Nieuwegein, The Neth-
erlands, were included in this study. All had been diagnosed with MS using the revised McDonald’s criteria
[16]. Twelve patients were diagnosed with RRMS, 4 with PPMS and 4 with secondary progressive MS (SPMS).
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The EDSS ranged from 1.5 to 6.5, with a median of 3.0. Twelve of the patients were currently on immuno-
modulating medication (interferon beta-1a or -1b, glatiramer acetate, natalizumab or intravenous immuno-
globulins).

Twenty age- and sex-matched healthy controls underwent the same investigations as the MS patients.
The study was approved by the Ethics Committee of our institution (Verenigde Commissies Mensgebonden
Onderzoek), and informed consent was obtained from all participating subjects.

Colour Doppler Sonography

All patients and controls were investigated using extra- and transcranial Colour Doppler ultrasonog-
raphy (3-9 MHz linear array transducer and 1-4 MHz sector array transducer, respectively, on Philips iU22
ultrasound system; Philips Healthcare, Eindhoven, The Netherlands). All 40 subjects were evaluated by one
of the two experienced and trained sonographers in the presence of a clinical neurophysiologist (S.C.T. who
is certified in neurosonology by the European Society of Neurosonology and Cerebral Hemodynamics, and
attended the course named ‘Echo Doppler in the Diagnosis of CCSVI’, Ferrara, Italy). The sonographer and
clinical neurophysiologist were blinded for patients and controls. A third person helped the patient or
volunteer on the examination couch and in the right position, so the sonographer and clinical neurophysi-
ologist were ‘blinded’ for the MS patients and healthy volunteers. In each patient and control, the internal
jugular vein (IJV) and vertebral vein (VV) were evaluated on both sides and in both the supine and sitting
position. The basal vein of Rosenthal (BVR) was evaluated in the supine position alone. Five parameters
related to the impaired cerebral venous outflow were tested [1]:

(1) No detectable flow in the IJV and/or the VV in both the supine and sitting position.

(2) Reflux in the IJV or VV in both the supine and sitting position. Reflux was defined as a reversal of the
direction of the venous blood flow during normal unforced inhalation and exhalation, and during a short
period of apnoea following a normal exhalation. Reflux was defined as a flow directed toward the brain for a
duration of >0.88 s.

(3) Evidence of 1]V stenosis using the B mode.

(4) A higher cross-sectional area of the IJV in the sitting position as compared to the supine position,
indicating loss of postural regulation of the main cerebrospinal venous outflow pathways.

(5) Flow other than unidirectional in the BVR. This was evaluated through the temporal bone window,
if present.

Fatigue Severity Scale and Hospital Anxiety Depression Subscale

To determine the level of fatigue, anxiety and depression all patients and volunteers filled out the
Fatigue Severity Scale (FSS) and the Hospital Anxiety Depression Subscale (HADS).

The FSS [17] consists of nine items each scored from 1 to 7 (i.e. from ‘strongly disagree’ to ‘strongly
agree’). It covers physical, social, or cognitive effects of fatigue. The FSS score is the total score of the nine
individual items. The minimal score is 9 and the maximal possible score is 63. A higher score indicates a
greater fatigue severity. A total score >36 is indicative of significant fatigue.

The HADS [18] consists of seven questions relating to anxiety and seven questions relating to depression.
Each question can be scored from 0 to 3 (i.e. from ‘not at all’ to ‘very often indeed’). Each subscale has a
minimal score of 0 and a maximum score of 21. A higher score indicates a greater depression or anxiety
severity. A score >16 is valued as severe depression or anxiety.

Statistical Analysis

Statistical analysis was performed using the Mann-Whitney U test with SPSS 18.0. Results were deter-
mined as statistically significant at p < 0.05.

Results
The median age in the patient group was 41.5 years compared to 44.5 years in the healthy

controls (not significant). Both groups consisted of 8 males and 12 females. Baseline charac-
teristics of the study population are presented in table 1.
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Table 1. Baseline characteristics

of patients with MS and healthy Variable MS patients Controls p value

controls =20 (n = 20)
Age, years 41.5+12 445+13 0.925
Male sex 8 (40) 8 (40) 1.000
RRMS 12 (60) n.a. n.a.
PPMS 4 (20) n.a. n.a.
SPMS 4(20) n.a. n.a.
EDSS score 3+1.5 n.a. n.a.

Values are means #* SD or n (%). n.a. = Not applicable.

Table 2. Cerebral venous outflow

anomalies in MS patients and Variable MS_ Controls p value
healthy controls patients  (n=20)
(n=20)

(1) No flow detectable in IJV or VV 4 (20) 1(5)
(2) Reflux in IJV or VV 1(5) 0
(3) IJV stenosis 4 (20) 1(5)

(4) Higher cross-sectional area of
[JV in the sitting as compared

to the supine position 0 2(10)

(5) No unidirectional flow in BVR 0 0

Total number of patients with at

least one abnormal parameter 8 (40) 3(15) 0.183
Total number of patients with at

least two abnormal parameters 1(5) 2(10) 0.799

Values are n (%).

In total, nine abnormal CCSVI parameters were found in 8 MS patients (table 2). In
addition, five abnormal CCSVI parameters were found in 3 healthy controls (not significant).
The anomalies that were most frequently found were the absence of flow in the IJV or VV in
the sitting or supine position and a stenosis detected in the IJV. One RRMS patient had an arte-
riovenous fistula between the left IJV and the common carotid artery. One SPMS patient was
found to have both a reflux in the left IJV and a stenosis of the right IJV. In one healthy control,
stenosis was seen in both the left and right IJV.

The level of fatigue was significantly higher in the MS group compared to the healthy
volunteers (46.0 vs. 18.5, p < 0.01). The severity of anxiety and depression was also signifi-
cantly greater in the MS population: on the HADS, the MS group had a median anxiety score
of 5.5 compared to 4.0 in the control group (p < 0.05) and a depression score of 4.5 compared
to 1.0 in the control group (p < 0.05). Only 1 RRMS patient had a score >16 on the HADS for
anxiety as well as depression.

Of the MS patients with abnormal parameters, the median FSS score was 47.5, whereas
the median FSS score in MS patients without abnormal parameters was 41.5 (p =0.706). The
median score on the HADS anxiety subscale was 6.5 for MS patients with venous outflow
anomalies and 5 for MS patients without abnormal parameters (p = 0.205). On the HADS
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Table 3. Median fatigue, anxiety and depression scores in subjects with or without cerebral venous outflow anomalies
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Variable MS Controls Total (MS patients and controls)
total normal anomalies pvalue total normal anomalies pvalue total normal anomalies p value
(m=20) (n=12) (n=8) m=20) (n=17) (n=3) (m=40) (n=29) (n=11)
Median
FSS 46 41.5 47.5 0.706 18.5 18 21 0.765 27.5 25 43 0.090
Median
HADS
anxiety 5.5 5 6.5 0.205 4 4 2 0.216 4 4 6 0.455
Median
HADS
depression 4.5 4 5 0.795 1 1 1 0921 2 2 5 0.402

Normal = Patients and/or controls without cerebral venous outflow anomalies; anomalies = patients and/or controls with
cerebral venous outflow anomalies.

depression subscale, the median score for MS patients without impaired cerebrospinal
venous outflow was 5, compared to 4 in MS patients with normal venous outflow (p = 0.795;
table 3).

In the healthy controls, the FSS and HADS scores also did not differ significantly between
subjects with or without cerebrospinal venous outflow anomalies (table 3).

Furthermore, we formed two subgroups according to the presence or absence of venous
outflow anomalies irrespective of the presence of MS or not. There were no significant differ-
ences in the FSS of the two subgroups and the HADS between the groups with or without
abnormal ultrasound parameters.

Discussion

The results of the present study show no significantly impaired cerebrospinal venous
outflow in patients with MS versus sex- and age-matched controls. In addition, impaired
venous outflow was even found in 3 healthy controls. The definition of CCSVI is commonly
defined as two or more abnormal venous outflow parameters [2, 19]. Only 1 patient in the MS
group met this criterion compared to 2 of the controls. This invalidates the hypothesised
correlation between patients with MS and impaired cerebrospinal venous outflow. These
results are in line with the outcomes of multiple studies worldwide in which no relation
between impaired cerebrospinal venous outflow and MS was found [20-27]. It is also in
agreement with the outcome of the large cohorts investigated so far, the observational study
of the prevalence of CCSVI in MS and in other neurodegenerative diseases (CoSMo study)
[28].

In the present study, we investigated the relationship between impaired cerebrospinal
venous outflow and fatigue and depression. As expected, the median FSS and HADS scores
were significantly higher in the MS group compared to the healthy control group. This corre-
sponds to the high levels of fatigue, anxiety and depression found in MS patients in various
publications [7-10, 12-15]. However, we did not find any significant correlation between
fatigue as measured by the FSS and impaired cerebrospinal venous outflow in MS patients.
This finding is in strong contrast with the findings of Malagoni et al. [11]: in their study, they
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found a significant reduction in chronic fatigue after balloon dilatation of stenosing lesions
affecting the main extracranial veins. They suggest that patients with impaired cerebrospinal
venous outflow experience a higher rate of perceived fatigue than patients without impaired
cerebrospinal venous outflow, a finding we cannot confirm in our study.

In addition, no significant correlation was found between anxiety and/or depression, as
measured by the HADS, and impaired cerebrospinal venous outflow in MS patients. Moreover,
when combining the subjects with or without cerebrospinal venous outflow anomalies from
both the MS patients and the healthy controls, there was no significant difference in the scores
on the FSS or HADS between the two combined groups. Altogether, we cannot confirm the
suggested relation between impaired cerebrospinal venous outflow in MS patients and
fatigue, anxiety or depression.

We are aware of the relevant limitations of this study, mainly the small sample size. Both
the MS group and the control group are rather small, but our outcomes are in line with previ-
ously published studies in which no significant correlations between impaired cerebrospinal
venous outflow and MS or between impaired cerebrospinal venous outflow and the (overall)
quality of life in MS patients have been reported. Even when combining the MS patients and
healthy controls with cerebrospinal venous outflow anomalies, we cannot confirm a signif-
icantrelation between impaired cerebrospinal venous outflow and quality of life as measured
by the HADS and FSS. As there seems to be no significant difference between impaired cere-
brospinal venous outflow and fatigue, depression or anxiety before any treatment, it is ques-
tionable if endovascular treatment of such impaired cerebrospinal venous outflow would
have a significant effect on fatigue, depression or anxiety in MS patients. Our outcomes do not
support the hypothesis that endovascular treatment of venous outflow anomalies would
improve the quality of life in MS patients. Such significant effect was indeed not found in a
number of other studies [4-6].

The strong relation between venous outflow anomalies and MS found in other studies
might (at least in part) be explained by the varying methodological quality of a number of
these studies. A key factor is blinding of sonographers and evaluators, and in case of treatment
of the impaired venous outflow, also blinding of the patients. Not all studies attempted
blinding and some had alow success of blinding in more severe MS patients. We tried to solve
this problem by asking a third person to position the patient. As the maximum EDSS in our
patient population was as low as 6.5, all patients were able to walk for a short distance. After
the patient was positioned by the third person, the sonographer and the clinical neurophysi-
ologist were not able to differentiate between a MS patient or a healthy control subject. To
avoid any suggestion of MS by a possible speech or language disorder, the patients and
controls were not allowed to speak at any time in the presence of the sonographer or the
clinical neurophysiologist.

Besides the problem of blinding, extra- and transcranial Colour Doppler sonography is
subject to a high degree of interobserver variation. A lower level of experience and training
of the sonographer could result in higher levels of false-negative or false-positive outcomes.
Using multiple different sonographers in one study could increase this interobserver vari-
ation. This might in part explain the variation in the prevalence of impaired cerebrospinal
venous outflow in MS patients in different studies. Our examinations were performed by only
two well-trained and highly experienced sonographers and only one clinical neurophysiol-
ogist to limit interrater and intrarater variations as much as possible.

In conclusion, we found no significantly impaired cerebrospinal venous outflow in
patients with MS versus sex- and age-matched controls. Furthermore, we cannot confirm the
hypothesised relation between impaired cerebrospinal venous outflow in MS patients and
fatigue, anxiety or depression suggesting again that there is no indication for endovascular
treatment for impaired cerebrovenous outflow in MS patients.
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