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Abstract

Objectives: In this pilot study we examined the potent vasoconstrictor, endothelin-1,
in the blood of multiple sclerosis patients in the context of chronic cerebrospinal
venous insufficiency hypothesis. For this purpose we measured endothelin-1 concentrations in blood samples that were obtained during selective catheterisation of the
main veins draining the central nervous system: the internal jugular veins and the
azygous vein.
Material and methods: We measured endothelin-1 concentrations in peripheral
blood in nine multiple sclerosis patients and five healthy controls. In multiple sclerosis
patients this peptide was also evaluated in blood samples obtained from the internal
jugular veins and azygous vein. Also, in five patients peripheral endothelin-1 levels
were measured one and seven days after angioplasty for stenosed internal jugular
veins.
Results: We found similar concentrations of endothelin-1 in peripheral blood in multiple sclerosis patients and healthy controls, a higher endothelin-1 level in the upper
part of right internal jugular veins, and unchanged concentrations of this peptide in
peripheral blood following angioplasty.
Conclusions: Considering the pilot nature of our trial and the small number of the
patients and controls assessed, our findings should be interpreted with caution, but
they may represent a useful framework for further research in this field. However, our
study shows that it is unlikely that endothelin-1 circulating in the blood is responsible
for the symptoms of multiple sclerosis.
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Introduction
The recent discovery of venous malformations
obstructing venous outflow from the central nervous
system in multiple sclerosis (MS) suggests that vascular
mechanisms may be responsible for the initiation and
progression of this disease [1]. Although MS is traditionally thought to be an autoimmune pathology, the venous
hypothesis is not necessarily contrary to its currently ruling paradigm but – on the contrary – can represent the
other side of the same coin: a very complex pathological
entity including both immune and vascular disorders.
In this pilot study we examined the potent vasoconstrictor, endothelin-1 (ET-1), in the blood of MS patients in
the context of this venous hypothesis. For this purpose
we measured ET-1 in blood samples that were obtained
during selective catheterisation of the main veins draining the central nervous system: the internal jugular
veins (IJVs) and the azygous vein. Taking into account
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the small number of assessed patients, the results of this
preliminary study should be interpreted with caution.
Nonetheless, our findings can be a useful framework for
further research in this field.

Material and methods
Concentrations of ET-1 in the blood samples were
determined using Endothelin (1-21) enzyme immunoassay (Biomedica Medizinprodukte GmbH & Co KG,
Vienna, Austria), and the absorbance was measured
with ELISA microplate reader SIRIO-S (Radim SpA,
Pomezia, Italy). In order to avoid the loss of bioactivity, after the blood samples were drawn they were
immediately cooled to 4°C, centrifuged, and then the
serum was stored deeply frozen until the time of measurements.
There were assessed 9 patients (6 women and 3 men)
with clinically defined MS, aged 32-61, with a median

Phlebological Review 2014

Endothelin-1 in jugular veins

age of 48 years, and 5 healthy volunteer controls (all of
them were women) aged 25-36 years, with a median age
of 32 years. The majority of MS patients presented with
the progressive form of the disease. Relapsing-remitting
MS patients did not exhibit an active relapse at the time
of assessment. The patients were not receiving immunomodulating drugs during the study.
Blood samples from the upper and lower parts of left
and right IJVs, and from the proximal portion of the azygous vein were taken during venography of these veins.
If the venography revealed a significant stenosis, balloon
angioplasty of such lesions was performed. Blood samples of peripheral blood (from the cubital vein) were
taken from MS patients and from healthy controls. Additionally, in 5 MS patients (all of them women) samples
of peripheral blood were taken 1 and 7 days after angioplasty (all these patients underwent angioplasty of malformed IJVs, while the azygous vein was found normal).
Details of our venographic and angioplastic protocol can
be found in our previous paper [2].
Although all MS patients were screened before venography for venous abnormalities using colour Doppler
sonography, final diagnosis of vascular pathology was
given according to the catheter venography findings.
Healthy controls were also screened for the presence of
venous pathology. Since venographic assessment in the
controls was not possible (considering the risk of this
invasive test we found it unethical to do it in a healthy
volunteer), diagnosis of such a vascular abnormality
was given using criteria of chronic cerebrospinal venous
insufficiency (CCSVI) that were suggested by Zamboni
et al. [1]. However, we used only four out of five original
sonographic criteria (the flow in intracranial veins was
not evaluated), since we had no access to a sonographic
system equipped with multigate quality Doppler profiles,
which would enable a proper assessment of intracranial
veins [3].
This pilot study was a part of the open-label trial on
the safety and efficacy of endovascular treatment for
chronic cerebrospinal venous insufficiency [1] in MS
patients. The entire study protocol, including imaging
diagnostics of extracranial veins, catheter venography,
and testing for ET-1 concentration was approved by the
Bioethical Committee of the Regional Silesian Board of
Physicians in Katowice, Poland (approval N° 7/2010, with
amendment SIL/KB/103/555p/10). All patients and controls provided their consent to undergo the tests.
The t test, adjusted for unequal variance (Welch
test), was used to test the null hypothesis that the concentrations of ET-1 were equal, against the alternative
hypothesis that these concentrations differed significantly between the patients and controls, between the veins
assessed, and between pre- and postprocedural ET-1 values. The significance of the p value was set at < 0.05. Statistical analysis was performed using the PAST data analysis package (version 2.09; University of Oslo, Norway).
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Results
Characteristics of venous pathology detected
in MS patients during catheter venography
Four patients presented with isolated stenosis of the
left IJV (in one patient in combination with stenosis of
the azygous vein), and the remaining five patients exhibited stenoses in both IJVs (in two cases outflow from
both IJVs was equally compromised, in two cases left IJV
was more affected, while in one case right IJV was more
severely stenosed). Thus, in general, a pathological outflow from the left IJV appeared to be more compromised.

Sonographic signs of CCSVI in healthy controls
One control individual presented with severe stenosis
and not detectable flow in one IJV (two positive sonographic criteria), and the other control person exhibited
not detectable flow in one IJV (one positive criterion).
Contralateral IJVs in these controls were unchanged. No
sonographic abnormalities were found in both IJVs in the
remaining three controls.

Endothelin-1 concentrations in peripheral
blood
We found that mean ET-1 levels in peripheral blood,
although slightly higher in the controls, did not differ significantly between MS patients and healthy individuals
(p value of the Welch test was 0.34). Maximal and minimal values were also similar (Table 1).

Endothelin-1 values in peripheral blood before
and after angioplasty
The patients exhibited nearly the same concentrations
of ET-1 in peripheral blood before and after endovascular
procedure (p values of the Welch test: before vs. 1 day,
before vs. 7 days, and 1 day vs. 7 days were: 0.98, 0.84, and
0.87, respectively). Details are given in Table 2.

Endothelin-1 concentrations in peripheral,
jugular, and azygous venous blood
This part of the study was performed in nine MS
patients. Although an universal pattern could not be
demonstrated, we found that ET-1 levels in the azygous
vein, even in the case of stenosis of this vein, were slightly
lower than in peripheral blood (statistical significance not
reached, p value of the Welch test: 0.61). On the contrary, ET-1 levels in the IJVs were higher than in peripheral
blood, especially in the right IJV, i.e. in the vein exhibiting
less compromised outflow. Nonetheless, statistical significances of these differences were not reached (p > 0.05).

19

Marian Simka, Tomasz Ludyga, Piotr Janas, Marek Kazibudzki, Paweł Latacz

However, a statistical trend towards a higher ET-1 level in
the upper part of the right IJV was demonstrated (p value
of the Welch test for peripheral blood vs. upper right IJV:
0.15, and for azygous vs. upper right IJV: 0.09). Details are
given in Table 3.

Discussion
Endothelin-1 is the member of endothelin peptide
family. These peptides, in addition to their participation
in many vascular pathologies, play important roles in
physiological processes within the central nervous system
and also in several neurological diseases: cerebral stroke,
brain injury, subarachnoid haemorrhage, virus infection
of the brain, and Alzheimer’s disease. The endothelin family comprises three main isoforms: ET-1, ET-2, and ET-3.
Endothelins act through their specific receptors: ETA and
ETB. ETB receptors are present in vascular endothelium
and are responsible for vasodilatation through the release
of nitric oxide and prostacyclin. Stimulation of ETA and
ETB receptors that are found in vascular smooth muscles
results in a strong, long-lasting, and almost irreversible
vasoconstriction. Endothelin-1 may also directly constrict blood vessels through the generation of endothelium-derived thromboxane-A2. The net effect produced

Table 1. Endothelin-1 in peripheral blood in MS patients and
healthy controls
Parameter

MS patients

Healthy
controls

9

5

Mean endothelin-1
concentration ± SD

0.85 ±0.80
fmol/ml

1.27 ±0.71
fmol/ml

Maximal value

2.94 fmol/ml

2.24 fmol/ml

Minimal value

0.32 fmol/ml

0.55 fmol/ml

Number of the individuals tested

by ET-1 is determined by the balance between ETA and
ETB receptors. Under physiological conditions such a net
effect is usually vasoconstriction. In the brain both ET-1
and ET-3 have been detected and it is known that these
peptides are produced by endotheliocytes, neurons, and
glial cells. It has also been demonstrated that in cerebral blood vessels ET-1 is released and acts from the
abluminal (adventitial) and not from the endoluminal
side. Endothelin-1 accounts for the majority of pathobiological effects exerted by endothelins, including the
above-mentioned neurological pathologies [4-10]. In
most of the tissues endothelins are primarily produced by
endothelium, but in human brain the astrocytes are the
main source of ET-1, especially in the settings of neuroischaemic disorders. Interestingly, ET-1 is released from
astrocytes not only in the settings of ischaemia, but such
a release can also be triggered by mechanical stimuli [11].
It is suspected that ET-1 protects these glial cells from
ischaemia-driven injury [12] but an excess of ET-1 can
worsen already compromised cerebral microcirculation.
In addition to its vasoconstriction effects, ET-1 inhibits
astroglial gap junctional permeability, triggers intracellular Ca2+ waves in astrocytes, and blocks further propagation of these waves. Thus, a normal communication
between astrocytes can be switched off when the level of
ET-1 in the brain is increased [13].
Some reports have already suggested a potential role
for ET-1 in the pathophysiology of MS. Yet, these reports
were rather inconsistent. Pache et al. evaluated ET-1 in
30 MS patients and 30 healthy controls [14]. The authors
found significantly higher ET-1 concentrations in MS
patients in comparison with controls (2.0 vs. 1.5 pg/ml).
In this study all but two patients presented with non-active stage of the disease. Patients with active MS exhibited higher ET-1 concentrations (2.7 vs. 2.0 pg/ml), while
for clinical type of MS, EDSS score and relapse rate did
not correlate with ET-1 plasma levels. In another study

Table 2. Endothelin-1 in peripheral blood before and after angioplasty
Parameter
Mean endothelin-1 concentration ± SD

Before the procedure

1 day after jugular angioplasty

7 days after jugular
angioplasty

0.99 ±1.10 fmol/ml

1.01 ±1.24 fmol/ml

1.14 ±1.15 fmol/ml

Maximal value

2.94 fmol/ml

3.19 fmol/ml

3.18 fmol/ml

Minimal value

0.32 fmol/ml

0.25 fmol/ml

0.43 fmol/ml

Table 3. Endothelin-1 concentrations in peripheral, jugular and azygous venous blood
Parameter
Mean endothelin-1
concentration ± SD

Peripheral blood

Right IJV:
upper part

Right IJV:
lower part

Left IJV:
upper part

Left IJV:
lower part

Azygous vein

0.85 ±0.80 fmol/ml 1.87 ±1.83 fmol/ml 0.99 ±1.11 fmol/ml 0.94 ±0.86 fmol/ml 0.92 ±1.17 fmol/ml

0.68 ±0.61 fmol/ml

Maximal value

2.94 fmol/ml

5.48 fmol/ml

3.19 fmol/ml

3.17 fmol/ml

3.96 fmol/ml

2.19 fmol/ml

Minimal value

0.32 fmol/ml

0.28 fmol/ml

0.13 fmol/ml

0.35 fmol/ml

0.17 fmol/ml

0.12 fmol/ml
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by this team on a group 20 MS patients even higher ET-1
levels in the peripheral venous blood (mean: 3.5 pg/ml)
were found [15]. The authors hypothesised that the difference between the studies resulted from an action of
immunomodulatory drugs, which were administered to
the majority of MS patients in the study with lower ET-1
concentrations. In contrast to these two papers, a recent
study by Jankowska-Lech et al. has shown significantly
decreased ET-1 levels in MS patients when compared to
the age-matched controls [16].
Considering the pilot nature of our trial and the small
number of patients and controls assessed, our findings
should be interpreted with great caution. It should be
emphasised that in our pilot study the patients and controls were not matched for sex and age. In a study on
healthy individuals the authors found higher ET-1 levels
in older subjects [17]. Therefore, even if we did not confirm the results of the previous studies and found a similar concentration of ET-1 in peripheral blood in MS
patients and healthy controls, perhaps a better designed
study, with perfectly matched controls, would show
a different result. Nonetheless, it should be remembered
that a comparison between MS patients and the controls
was not the main goal of our survey. Of note, we found
a higher ET-1 level in the upper part of the right IJV in
MS patients (although the statistical significance of this
finding was not demonstrated) and an unchanged ET-1
concentrations in the peripheral blood after angioplasty
of stenosed IJVs.
It is known that ET-1 is released from the brain, and
a higher release of this peptide can be expected in the
case of neurological pathology. However, ET-1 levels in
peripheral blood are not only dependent on its cerebral
production, but also on the release of this peptide from
other organs and – importantly – on ET-1 cleavage in pulmonary circulation (through binding to pulmonary ETB
receptors). Although ET-1 is stable in blood, it is removed
in the lungs, over 50% in a single passage [6, 18]. Probably in a case of efficient pulmonary cleavage, the peripheral concentration of ET-1 is not significantly increased,
even if its cerebral release is abnormally high. Therefore,
the phenomenon of pulmonary binding of ET-1 should
be taken into account while interpreting the studies on
this peptide. In addition, it has been found that peripheral ET-1 levels exhibit circannual fluctuations [19] which
makes the problem even more complex.
Our finding of unchanged ET-1 concentration following angioplasty of stenosed IJVs – respecting the preliminary nature of these results and small number of evaluated
MS patients – sheds some light on a potential mechanism
of clinical improvement after endovascular treatments for
venous malformations in MS patients. It is known that
ET-1 is involved in the regulation of urinary bladder, and
an increased blood ET-1 concentration can result in urinary bladder hyperactivity [19-21]. Intraventricular injection of ET-1 in animal experiments resulted in neurologi-
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cal symptoms comprising nystagmus, ocular clonus, tonic
hindlimb extension, and generalised motor disturbances,
the so-called barrel-rolling [22-24]. Since clinical improvements following venous angioplasty in MS patients are
primarily seen in several domains, including bladder
control, balance disturbances, nystagmus, and ataxia, it
is tempting to speculate that they result from a decreased
ET-1 level after the procedure. However, our results give
no support for such a hypothetical mechanism. Endothelin-1 levels were not increased in peripheral blood before
the treatment and were largely unchanged following the
procedure. Thus, even taking into account that only five
MS patients were examined, it is rather unlikely that ET-1
circulating in the blood is responsible for the above-mentioned MS symptoms. Still, a contribution of ET-1 to these
symptoms at the level of cerebral parenchyma or cerebral
microcirculation cannot be ruled out.
Increased ET-1 levels in blood samples obtained from
IJVs, primarily from the upper part of the right IJV, provides some additional information. Firstly, it confirms
previous reports on increased production of ET-1 by the
brains of MS patients (it seems that in our study an excess
in ET-1 was efficiently cleaved by the lungs, therefore the
peripheral ET-1 level was unchanged). The upper part of
the IJV carries almost exclusively blood drained from the
brain, while the lower part of the IJV contains also blood
coming from the facial vein that drains the skin, bones,
and soft tissues of the head.
Secondly, our findings confirm the fact that in the settings of asymmetric stenosis of the IJVs blood flows preferentially toward the less affected jugular vein. However,
it also means that any blood-dissolved substance coming
from the diseased brain will preferentially flow through
a healthy and not towards an already compromised vein.
It should be remembered that the main cerebral venous
pathways are interconnected at the confluence of sinuses, and venous blood in a healthy person can easily flow
towards any internal jugular vein. Some authors suggested that CCSVI may develop due to an action of proinflammatory brain-released substances [25, 26]. Nevertheless, our results suggest that such a mechanism is not very
likely. Even if such a hypothetical substance exhibited
a potential for triggering an extracranial venous lesion, it
would be directed towards healthy IJV and then diluted
in general circulation. On the other hand, many healthy
individuals exhibit an asymmetric drainage pattern at the
level of confluence of sinuses, with the majority of the
blood being drained by only one IJV [27, 28]. Thus, these
anatomical variants should also be taken into account
while interpreting the results of our study.
Our pilot study can be an inspiration for further
investigations on this topic. We suggest that the next
studies on ET-1 in MS patients should focus on the concentration of this peptide drained from different parts of
the brain (selective catheterisation of intracranial veins
woud be needed), especially in the context of the locali-
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sation and activity of MS plaques. We are optimistic that
such studies would explain some uncertainties related to
a potential vascular contribution to MS pathology. However, given the invasive nature of such research, it seems
unlikely that the proposed studies will be conducted very
soon. Endovascular treatments for chronic cerebrospinal
venous insufficiency are not a routine management. At
the moment, blinded controlled randomised trials on
such treatments are not yet completed, and therefore we
wait for the results of these studies [29, 30].

Conclusions
Our study shows that it is rather unlikely that
endothelin-1 circulating in the blood is responsible for
the symptoms of multiple sclerosis. Considering the pilot
nature of our trial and the small number of the patients
and controls assessed, our findings should be interpreted
with caution, but it may represent a useful framework for
further research in this field.
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