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Introduction

Possible alterations of craniocervical venous drainage pat-
terns continue to receive extraordinary attention in multiple 
sclerosis (MS) research.1-5 While a chronically impaired 
venous drainage with a consecutive opening of collateral 
venous channels, referred to as cerebrospinal venous insuf-
ficiency (CCSVI), had initially been described as a finding 
specific to MS with positive and negative predictive values 
of 100%,6,7 these high sensitivity and specificity values 
have not been reproduced. Nevertheless, CCSVI was even 
postulated to play a causative role in MS,6,8 and taken as 
justification for interventional percutaneous transluminal 
angioplasties.9-11 However, these endovascular treatments 
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Abstract
Objective: There is an on-going controversy about venous drainage abnormalities in multiple sclerosis (MS). We 
applied cardiac-gated phase-contrast and venographic magnetic resonance (MR) techniques to compare venous drainage 
patterns in patients with MS, healthy controls, and subjects with migraine.
Methods: A total of 27 patients with MS (21 female, age 12–59 years, mean disease duration 8.4 ± 8.5 years) and 27 age- 
and gender-matched healthy controls (21 female, age 12–60 years) were investigated with velocity-encoded cine-phase 
contrast MR sequences and a 2D time-of-flight MR venography of the cervicocranial region on a 3-T MRI. The data were 
compared with 26 patients with chronic migraine headaches (19 female, age 17–62 years), previously investigated with the 
same protocol. The degree of primary and secondary venous outflow in relation to the total cerebral blood flow (tCBF) 
was compared both quantitatively and qualitatively. Statistical analyses were performed using linear regression models.
Results: Secondary venous outflow was significantly increased in patients with MS compared with healthy controls, 
both qualitatively (p < 0.001) and quantitatively (p < 0.013). The observed changes were independent of age and disease 
duration. Very similar alterations of venous drainage were detectable with the same approach in patients with migraine, 
without significant differences between MS and migraine patients (p = 0.65).
Conclusion: Our MRI-based study suggests that patients with MS have alterations of cerebral venous drainage similar 
to subjects with chronic migraine. These non-disease-specific changes seem to a secondary phenomenon rather than 
being of primary pathogenic importance.
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have led to serious adverse events.12 Therefore, thorough 
investigations of the patterns of craniocervical venous 
drainage in MS are warranted.

Recently, several studies have questioned the existence of 
CCSVI altogether, since they found no alterations in cere-
brospinal venous drainage in patients with MS using various 
techniques including Doppler sonography and MRI.12-14 A 
recently published, large Doppler-sonographic study, how-
ever, reported an increased presence of CCSVI in patients 
with MS, albeit with modest sensitivity and specificity.4

Overall, controversy prevails regarding the presence and 
significance of CCSVI in MS, and the subject continues to 
draw attention in the media. Further studies with standard-
ized and operator-independent approaches are warranted to 
further clarify this disagreement. In light of the current con-
troversy, we aimed to both quantitatively and qualitatively 
evaluate the craniocervical venous drainage patterns in a 
cohort of MS patients with a wide range of age and disease 
duration, in comparison to age- and gender-matched healthy 
controls, using MR-based venographic and cardiac-gated 
cine-phase contrast techniques in a highly standardized fash-
ion. Moreover, we aimed to quantitatively compare the 
venous drainage patterns of patients with MS to a cohort 
with chronic migraine headaches previously studied with the 
same imaging protocols and post-processing algorithms.15

Subjects and methods

Subjects with MS and respective controls

Twenty-seven patients with MS were included. Age ranged 
from 12 to 59 years, median age was 25.35 years (1st quartile: 
16.82; 3rd quartile: 36.42). Nine patients (30%) were younger 
than 18 years. A total of 21 (77.8%) subjects were female. The 
median duration of disease since diagnosis was 5.0 years (1st 
quartile: 2.5; 3rd quartile: 12.0); disease duration was less 
than or equal to 2 years in eight patients. Inclusion criteria 
were a diagnosis of MS according to the revised McDonald 
criteria,16 disease duration of at least 6 months and absence of 
additional neurological disorders. Exclusion criteria were 
magnetic resonance (MR)-related contraindications.

The control group consisted of 27 age- and gender-
matched healthy subjects (age ranged from 11 to 60 years, 
median age 25.57 years [1st quartile: 16.44; 3rd quartile: 
36.03]; 21 female [22.2%]). Inclusion criteria were the 
absence of any neurological disorder, while exclusion crite-
ria consisted of MR-related contraindications.

Approval by the local institutional review board was 
obtained and informed consent was given by all study 
participants.

Subjects with migraine and respective controls

The MS cohort was compared with subjects with migraine 
previously investigated with the same methodology.15 The 

migraine cohort consisted of 26 subjects (age ranged from 
17 to 62 years, mean age 37.3 ± 13.9, 19 female) with 
recurrent episodic migraine without aura (on 0.1 to 6 days/
month for 16.6 ± 11.7 years) according to the International 
Classification of Headache Disorders.17 The respective 
age- and gender-matched control cohort consisted of 26 
subjects (age ranged from 17 to 60 years, mean age 37.3 ± 
13.7; 19 female).

Image acquisition

All subjects underwent MRI on a 3-T MR scanner 
(Magnetom Verio, Siemens Healthcare, Erlangen, 
Germany), using a 12-element phased-array head coil. 3D 
magnetization-prepared rapid-acquisition gradient echo 
(MP-RAGE) imaging was obtained for structural informa-
tion using the following parameters: TR 11 ms, TE 4.76 ms, 
field of view (FOV) 230 mm, voxel size = 1 × 1 × 1 mm3, 
iPAT, acceleration factor 2. A total of 160 sagittal slices 
were acquired, covering the entire brain. Fluid-attenuated 
inversion recovery (FLAIR) sequences were obtained using 
the following parameters: TR 94 ms, TE 6500 ms, field of 
view 250 mm, voxel size = 0.98 × 0.98 × 3 mm3, distance 
factor 10%, fat saturation. Forty-five axial slices were 
acquired covering the entire brain.

To visualize primary and secondary venous channels, a 
2D time-of-flight MR venography of the infratentorial and 
upper cervical regions was performed (slice thickness 2.0 
mm, FOV 160 mm, TR 23 ms, TE 5.43 ms and FA 40°). 
MR-venographic datasets were available for 21 MS patients 
and 25 controls.

To measure blood flow to and from the skull, two retro-
spectively gated, velocity-encoded cine-phase contrast 
scans were acquired (FOV 140 mm, matrix 256 × 179, 
voxel size 0.8 × 0.5, slice thickness 4 or 6 mm, TR 40 ms, 
TE 4.05 ms, FA 20°, acquisition time: 32 completely 
acquired cardiac cycles equalling approximately 3 minutes 
depending on the individual heart rate). First, a high-veloc-
ity encoding (VENC 70 cm s−1) was used to quantify the 
high-velocity blood flow in the internal carotid arteries 
(ICAs), vertebral arteries (VAs), internal jugular veins 
(IJVs) and secondary veins. The imaging slab was located 
at the level of upper C2 with an orientation perpendicular to 
the main four arteries (ICA and VA bilaterally) and the 
IJVs.18 To allow for the low-velocity secondary venous 
flow (SVF) a sequence with low-velocity encoding (VENC 
7–9 cm s−1) was acquired at the same level. A 2D time-of-
flight MR angiography was used as a localizer to ascertain 
the correct positioning. Quantitative velocity-encoded 
datasets were available for all patients and controls.

Post-processing and data analysis

The MRI datasets were examined for image quality and 
head movement. Time-dependent volumetric flow rates 
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were calculated by integrating the flow velocities inside the 
luminal cross-sectional areas over all 32 images using the 
pulsatility-based segmentation of lumens conducting non-
steady flow algorithm.19 Mean flow rates were obtained for 
each of the four main cervical arteries (left and right internal 
carotid artery [LICA, RICA] and left and right vertebral 
artery [LVA, RVA]), for the primary venous pathways (left 
and right internal jugular vein [LIJV, RIJV], and the second-
ary venous pathways: vertebral veins [VVs], epidural veins 
[EVs], and deep cervical veins [DCVs]). Total cerebral 
blood flow (tCBF) and total jugular venous flow (JVF) were 
obtained by summation of the flows through the four arter-
ies (LICA + RICA + LVA + RVA) and the two IJVs, respec-
tively. SVF was defined as the sum of the flow through the 
three main secondary channels (VV + EV + DCV). The SVF 
and the JVF were also calculated as a percentage of the 
tCBF. Given the fact that the blood entering the brain needs 
to be draining from it as well, the difference between the 
tCBF and the sum of the detected venous drainage (tCBF – 
(IJV + VV + EV + DCV)) was considered as the unmeas-
ured secondary venous outflow. It was calculated as a 
percentage of the individual tCBF. Each cardiac cycle 
results in a rather small amount of CSF net flow along the 
spinal canal.20 Owing to the small amount of the CSF flow 
in relation to the large volumes of arterial inflow and venous 
outflow, the CSF flow was not taken into account in this 
study. All analyses were done with the software MRICP ver-
sion 1.4.35 (Alperin Noninvasive Diagnostics, Miami, FL).

Three-dimensional models of the MRVs were recon-
structed using the maximum intensity projection technique. 
The MRV source images and the respective maximum 
intensity projections were then visually analyzed to deter-
mine the degree of secondary venous outflow (1 no; 2 mini-
mal; 3 mild secondary venous outflow; and 4 pronounced 
secondary venous outflow in one of the three pathways 
(VV, EV or DCV); 5 secondary venous outflow in two of 
the three pathways; and 6 secondary venous outflow in all 
three pathways) by a board certified neuroradiologist who 
was blinded to the subjects’ clinical status. In addition, the 
FLAIR sequences of all MS patients, healthy controls and 
migraine patients were evaluated for the presence of patho-
logical white matter lesions or other structural abnormali-
ties of the brain.

Statistical analyses

Owing to the small sample size, adequate measures of 
location and spread were calculated; the non-parametric 
test (Mann–Whitney U-test) was used to test for group 
differences and Spearman’s correlation coefficient was 
used for quantifying relationships between variables. For 
testing the influence of possible confounders (age, gender, 
medication, type of MS, duration of illness) linear 
regression models were used where some of the clinical 
endpoints were adequately transformed to satisfy the 

normality and homoscedasticity assumptions. Further, we 
used fractional polynomials to test for possible non-linear 
relationships between an endpoint and continuous con-
founders.21 Finally, graphically based residual analyses 
were performed to check whether the assumptions of the 
linear regression models were fulfilled. Further, linear 
regression models for modelling SVF and SVF/TCBF 
were used to test for differences between the MS group 
and the migraine group. In addition, we tested for differ-
ences between healthy controls and the three patient 
groups. These models were adjusted for age and gender. A 
p-value below 0.05 (two-sided) was considered statisti-
cally significant. All statistical analyses were performed 
with R (version 2.12.2).

Results

Venous drainage in MS compared with age- 
and gender-matched healthy controls

The amount of venous drainage through secondary chan-
nels as a percentage of the individual tCBF was signifi-
cantly higher for MS patients compared with controls 
(patients: median 11.81%, 1st quartile 4.36% and 3rd 
quartile 18.67% versus controls: median 2.27%, 1st quar-
tile 1.57% and 3rd quartile 6.68%; p = 0.0005). Linear 
regression models demonstrated no significant effect of 
age or disease duration on the abnormal venous drainage 
pattern.

Visual analysis of the 3D models of the venous outflow 
demonstrated an augmented (grade 4–6) secondary extrac-
ranial venous drainage in 15/21 MS patients versus in 3/25 
controls (p < 0.0001). A significant correlation between 
MR venography grading and measured secondary venous 
outflow was demonstrated using the Spearman’s rho cor-
relation coefficient (p < 0.0001; rho = 0.73).

Table 1 summarizes the results. Figure 1 shows an 
example of the maximum intensity projections of cere-
brovenous drainage in a patient with MS and a subject with 
migraine compared to healthy controls.

Comparing venous drainage in MS and 
migraine

A linear regression model revealed no significant differ-
ences of secondary venous drainage between the MS group 
and the migraine group (p = 0.65). Moreover, no significant 
differences were found between the patient cohorts regard-
ing the secondary venous drainage as a percentage of the 
tCBF (MS versus migraine 0.23). However, when the MS 
and migraine cohorts were compared with age- and gender-
matched healthy controls, both patient cohorts showed sig-
nificantly increased relative secondary venous drainage 
(MS versus controls: p = 0.004; migraine versus controls:  
p = 0.02; compare Figure 2). Visual analysis of axial FLAIR 
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Table 1. Overview of the results obtained in 27 multiple sclerosis patients (MS) and 27 age- and gender-matched healthy controls 
(CTR). Age and gender are listed in columns 2 and 3; JVF: jugular venous flow through the right and the left internal jugular vein given 
as a percentage of total cerebral blood flow (tCBF); measured secondary venous flow is defined as the sum of venous blood flow 
through the left and right epidural, deep cervical and vertebral veins and is given as percentage of tCBF; DCV: secondary venous 
flow through deep cervical veins in percentage of tCBF; VV%: secondary venous flow through vertebral veins in percentage of tCBF; 
EV%, secondary venous flow through epidural veins as a percentage of tCBF; unmeasured secondary venous flow is defined as the 
difference between tCBF and JVF plus measured secondary venous flow. MRV: rating of magnetic resonance (MR) venography from 
1 (no secondary venous outflow) to 6 (pronounced secondary venous outflow through the three main secondary venous pathways). 
Mean values for both cohorts are shown at the bottom of each column; p-values denote significance of any difference between MS 
and CTR. p-values are not given for each of the secondary pathways due to the low number of observations.

ID Age  
years

Gender JVF
total %

                          Secondary venous outflow

Measured Unmeasured
volume %

MRV
grading

Time since
Diagnosis/
yearstotal % DCV % VV % EV %

MS_01 12.0 f 64.9 19.0 13.8 4.1 1.0 15 5 2
MS_02 13.2 m 78.4 18.4 10.7 6.8 0.8 2 3 6
MS_03 14.2 m 102.7 2.7 0.0 0.0 2.7 0 n.a. 1
MS_04 14.7 f 58.1 27.9 25.4 0.0 2.5 14 n.a. 1
MS_05 15.2 f 66.1 11.8 5.2 6.0 0.6 21 n.a. 1
MS_06 16.5 f 0.0 48.9 21.0 0.0 27.9 51 5 4
MS_07 16.8 m 87.9 8.8 1.6 2.7 4.4 3 3 2
MS_08 16.9 f 42.5 19.3 11.9 4.0 3.4 37 n.a. 3
MS_09 17.1 f 76.2 0.0 0.0 0.0 0.0 24 n.a. 3
MS_10 19.9 m 52.0 7.0 5.2 1.8 0.0 41 5 2
MS_11 23.5 f 61.1 3.0 3.0 0.0 0.0 35 2 3
MS_12 23.7 m 66.8 12.3 4.9 2.5 4.9 21 5 2
MS_13 24.9 f 75.7 10.7 4.2 3.2 3.2 13 4 6
MS_14 25.4 f 83.7 0.0 0.0 0.0 0.0 15 2 8
MS_15 28.5 f 87.1 2.5 1.5 0.0 1.1 9 4 6
MS_16 30.2 f 56.1 40.6 23.2 0.0 17.4 2 5 0.04
MS_17 30.9 f 71.2 3.4 3.4 0.0 0.0 25 n.a. 4
MS_18 31.2 f 0.0 83.4 75.6 0.0 7.8 15 5 5
MS_19 34.1 f 69.6 18.0 11.5 5.6 0.9 12 4 11
MS_20 34.8 f 85.8 4.7 0.5 4.2 0.0 9 4 12
MS_21 38.1 f 76.7 5.3 5.3 0.0 0.0 17 3 5
MS_22 42.5 f 74.5 4.0 3.0 0.0 1.0 21 3 12
MS_23 43.8 f 52.4 15.3 10.6 2.4 2.2 31 5 13
MS_24 45.3 f 57.1 17.3 12.8 0.0 4.5 26 5 14
MS_25 46.6 f 78.6 7.1 7.1 0.0 0.0 14 5 21
MS_26 50.9 m 68.4 15.6 11.2 1.2 3.2 16 5 30
MS_27 59.6 f 25.5 38.4 21.7 0.0 16.6 35 5 30
CTR_01 11.7 f 76.7 2.1 2.1 0.0 0.0 20 1  
CTR_02 13.7 m 80.0 2.2 1.3 0.0 0.9 18 1  
CTR_03 14.5 m 81.0 3.3 0.5 2.0 0.8 15 2  
CTR_04 14.4 f 54.0 6.8 3.1 0.0 3.7 39 3  
CTR_05 15.2 f 79.3 15.0 9.7 3.6 1.7 6 4  
CTR_06 16.1 f 89.1 6.5 2.3 0.0 4.3 4 2  
CTR_07 16.1 m 53.0 14.7 7.6 4.2 2.8 32 4  
CTR_08 16.7 f 55.0 5.1 0.0 5.1 0.0 39 3  
CTR_09 17.0 f 81.3 2.3 1.4 0.0 0.9 15 1  
CTR_10 17.9 m 105.7 1.1 0.2 0.0 0.9 0 1  
CTR_11 23.9 f 65.4 1.2 1.2 0.0 0.0 33 1  
CTR_13 24.9 m 92.9 8.0 1.0 4.7 2.2 0 1  

(Continued)

 at LMU Muenchen on July 29, 2013msj.sagepub.comDownloaded from 

http://msj.sagepub.com/


1004 Multiple Sclerosis Journal 18(7)

sequences in the subjects with migraine and in the healthy 
controls did not reveal any pathological white matter 
lesions or other structural brain abnormalities in any of 
these subjects. In contrast, MS-typical lesions of the white 
matter fulfilling the revised McDonald criteria were present 
in all MS patients.

Discussion

Using a quantitative MR-based approach, we observed a 
significant difference in craniocervical outflow patterns 

with increased secondary venous drainage in a substantial 
proportion of MS patients as compared to healthy controls. 
However, as we observed similar changes in subjects with 
a history of migraine, we consider these alterations in drain-
age patterns not to be specific for MS. A primary role of 
altered venous drainage in the pathogenesis of MS there-
fore appears unlikely.

Similar to our findings, a recent Doppler-sonographic 
study by Zivadinov et al. reported CCSVI-related changes 
in a proportion of MS patients compared with healthy con-
trols.4 The reported prevalence of CCSVI was 62.5% for 

Figure 1. Representative examples of magnetic resonance venographic images from a healthy control (left), patient with multiple 
sclerosis (middle), and subject with migraine (right). Compared with the controls, there is a marked increase of secondary venous 
drainage in the multiple sclerosis patient and the subject with migraine.

ID Age  
years

Gender JVF
total %

                          Secondary venous outflow

Measured Unmeasured
volume %

MRV
grading

Time since
Diagnosis/
yearstotal % DCV % VV % EV %

CTR_12 24.6 f 83.2 0.4 0.0 0.0 0.4 16 2  
CTR_14 25.6 f 92.0 1.0 1.8 0.0 0.8 7 1  
CTR_15 28.6 f 61.2 7.8 7.8 0.0 0.0 30 3  
CTR_16 29.2 f 77.8 3.6 1.1 0.0 2.6 20 2  
CTR_17 30.1 f 81.8 1.5 1.5 0.0 0.0 16 2  
CTR_18 32.7 f 71.5 2.2 1.5 0.0 0.7 27 3  
CTR_19 33.7 f 76.5 2.2 2.2 0.0 0.0 21 2  
CTR_20 34.9 f 72.9 3.6 1.5 0.0 2.1 23 4  
CTR_21 37.2 f 74.1 4.6 1.6 0.0 3.0 19 n.a.  
CTR_22 41.4 f 77.6 0.7 0.0 0.0 0.7 21 2  
CTR_23 44.7 f 43.2 17.0 11.3 1.3 4.3 39 n.a.  
CTR_24 45.5 f 84.1 1.3 0.8 0.0 0.5 14 2  
CTR_25 45.6 f 62.5 1.8 0.0 0.0 1.8 36 2  
CTR_26 49.5 m 60.6 16.3 7.9 5.4 3.0 23 2  
CTR_27 60.6 f 77.9 1.7 1.7 0.0 0.0 20 2  

Mean MS 2 63.7 16.5 10.9 1.6 3.9 19.4 4.1 7.7
 CTR 74.5 5.0 2.6 1.0 1.4 20.5 2.1  
p-value 0.010 0.001 0.100 0.004  

Table 1. (Continued)

 at LMU Muenchen on July 29, 2013msj.sagepub.comDownloaded from 

http://msj.sagepub.com/


Ertl-Wagner et al. 1005

MS, 45.8% for other neurological disorders, and 25.5% for 
healthy controls when borderline cases were excluded (p < 
0.001).4 In this Doppler-based study, the control group was 
more heterogeneous than in our MR-based study, and con-
tained only one case of migraine.4 This might explain the 
differences between the two studies with regard to the prev-
alence of craniocervical venous drainage abnormalities in 
controls. Another study, however, reported no differences 
between MS patients and controls in a cohort of 21 MS 
patients and 20 healthy controls regarding internal jugular 
venous outflow and aqueductal flow using phase-contrast 
sequences and contrast-enhanced MR angiography; jugular 
venous stenosis was observed in 3 patients with MS.22 In 
addition to CCSVI, iron deposition in the brain has been in 
the focus of interest in MS research in recent years. A pilot 
case–control study described a correlation between an 
increase in cerebral iron concentration and sonographic 
evidence for abnormal venous drainage.23 On the other 
hand, diminished visibility of the cerebral venous vascula-
ture on susceptibility-weighted imaging would argue 
against cerebral venous engorgement.24

In our study, we applied MRI to qualitatively and quan-
titatively evaluate the pattern of primary and secondary 
venous outflow. Different from other studies, we did not 
primarily focus on the presence or absence of CCSVI per 
se, but rather on the absolute and relative quantification of 

blood flow in the craniocervical venous channels. Moreover, 
we focused on the upper craniocervical venous drainage 
and not on the intracranial veins.

Cardiac-gated cine-phase contrast sequences with a pul-
satility-based segmentation algorithm allow a quantifica-
tion not only of the venous outflow in the various primary 
and secondary channels, but also of the arterial blood 
flow.25 Therefore, quantification of the relative secondary 
venous outflow in relation to the tCBF can be performed. 
The methodology of the pulsatility-based segmentation of 
lumens conducting non-steady flow has been shown to be 
superior to manual segmentation techniques in quantifying 
time-dependent volumetric flow rates.19 This method is 
largely operator-independent and can therefore serve as an 
objective tool for analyzing craniocervical venous flow pat-
terns.19 We considered this objectivity of flow quantifica-
tion to be important in the light of the currently prevailing 
controversy. In addition to the quantitative methodology, a 
visual analysis of the craniocervical venous outflow was 
performed and graded semi-quantitatively.

In a recent MR-based study no reflux in the internal cer-
ebral veins and/or straight sinus was observed, suggesting 
abnormalities in venous drainage reflect anatomical vari-
ants rather than clinically relevant venous outflow obstruc-
tions.3 By comparison, our study revealed a difference 
between MS patients and healthy controls, both for the 
quantitative assessments of venous outflow in the second-
ary venous channels and of the secondary venous outflow 
in relation to the tCBF, and for the qualitative visual assess-
ment of the MR-venographic craniocervical pattern. In 
contrast to the study by Wattjes et al.,3 we did not investi-
gate the intracranial flow, but rather focused on the extrac-
ranial outflow. Comparing the results of the two studies, we 
postulate that the alterations in venous outflow at the upper 
cervical level observed in our study do not lead to abnor-
malities in intracranial venous flow.

In a second step, we compared our study cohort of MS 
patients with a cohort of migraine patients, who had been 
investigated previously.15 Both patient cohorts and their 
respective controls have been investigated with precisely 
the same methodology, including the same MR scanner and 
identical sequence parameters and analysis algorithms in 
order to ascertain comparability between the studies. 
Moreover, both patient cohorts were meticulously matched 
with controls regarding age and gender. There were no sig-
nificant differences in quantitative assessments of second-
ary venous outflow between patients with MS and patients 
with chronic migraine. However, there was a significant 
difference between the respective patient groups and their 
healthy controls. Therefore, the alterations in the venous 
outflow as assessed with our MR-based methodology are 
not specific to MS.

The incidence of headaches has been reported to be as 
high as 55.6% in patients with MS.26 Gee et al.26 have 
reported mid-brain lesions, especially in a periaqueductal 

Figure 2. Comparison of secondary venous outflow in healthy 
controls, multiple sclerosis patients and subjects with migraine. 
Whisker plots display the measured secondary venous outflow 
as a percentage of total cerebral blood flow (tCBF) for the three 
groups: controls (all healthy controls), MS (patients with multiple 
sclerosis) and migraine (subjects with migraine). Compared with 
the cohort of all healthy controls, the secondary venous outflow 
relative to tCBF was significantly increased in both, the MS and 
migraine cohorts. No significant differences were found between 
the patient cohorts (MS versus migraine p = 0.23). Circles above 
a whisker plot mark outliers.
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location, to be associated with migraine-type headaches in 
patients with MS. However, analyzing the images of our 
migraine patients, we did not identify any structural lesions 
and specifically, no mid-brain abnormalities. Moreover, 
none of the migraine patients reported clinical signs sug-
gestive of a demyelinating disorder. We are therefore con-
vinced that the migraine cohort and the MS cohort can be 
clearly distinguished on the basis of both their clinical his-
tory and their structural MRI findings.

A recent ultrasonography study on US veterans with MS 
found no differences between patients with MS and con-
trols with migraines or healthy controls.27 This study 
included 18 MS patients and 11 age-matched controls. 
These controls were either patients with migraine head-
aches or individuals without a neurological diagnosis. The 
authors do not differentiate between the healthy controls 
and the migraine patients in the analyses and use these 11 
individuals as a control population for the MS patients. It is 
therefore possible that the lack of differences in venous 
drainage in this study is due to the presence of migraine 
patients in the control population, which in turn would be in 
concordance with our MRI results.

In addition to the patients with MS and migraine head-
aches reported in this manuscript, we have investigated 
patients with a status after mild traumatic brain injury with 
the identical MRI protocol including quantitative phase 
contrast sequences of craniocervical venous outflow (pub-
lication currently under review). We observed similar alter-
ation in venous drainage patterns in this patient cohort, 
which further underlines the presumed non-specificity of 
the finding for MS.

The mechanism of the increase of drainage via second-
ary venous outflow in our study remains to be elucidated. 
Very little is currently known about the regulation of cere-
bral venous drainage under physiological or pathological 
conditions. Potential mechanisms for venous outflow alter-
ations might include post-inflammatory changes of the 
venous vasculature and drainage which could, for example, 
be mediated by inflammatory cytokines.

In MS, inflammatory changes are known to occur both 
in lesions and in the normal appearing white matter. This 
inflammatory response might affect endothelial cells and 
local production of vasoactive substances, such as nitric 
oxide (NO) and endothelin. Additional investigations are 
necessary to elucidate the dynamics of venous vascular 
changes. Another potential mechanism might relate to an 
altered texture of the brain, leading to an increased rigidity 
or stiffness of the parenchyma and thus potentially to 
altered flow and drainage patterns. Whichever mechanisms 
are responsible for the observed changes, it is noteworthy 
that similar alterations were seen in paediatric, adolescent 
and adult patients, and in patients with short and long dura-
tion of disease. This indicates that changes of craniocervi-
cal venous drainage occur relatively early during the 
disease course.

In conclusion, our MR-based study employing cardiac-
gated phase-contrast and MR-venographic techniques 
demonstrated altered secondary venous outflow patterns 
in patients with MS compared with matched healthy con-
trols. Because similar venous outflow patterns were 
observed in subjects with chronic migraine, we conclude 
that the observed alterations are not specific for MS, and 
therefore unlikely to represent a primary pathogenic 
mechanism.
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