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ABSTRACT

Objectives: This prospective study was aimed at evaluation of diagnostic value of
Doppler sonography and magnetic resonance (MR) venography in the internal jugu-
lar vein territory.

Material and methods: There were assessed 126 patients (252 internal jugular veins).
The patients were initially diagnosed using Doppler sonography and MR venography,
and then catheter venography of the veins was performed. For the purpose of this stu-
dy catheter venography was regarded the reference test. We interpreted sonographic
findings in the context of criteria proposed by Zamboni and criteria by Internatio-
nal Society for Neurovascular Disease (ISNVD). We applied MR protocols aimed at
flow assessment in the scanned veins: fast spin echo-T2-weighted sequences with fat
saturation, and axial two-dimensional time-of-flight imaging with saturation band
positioned below planned slices.

Results: Catheter venography revealed lesions in 171 (67.9%) of the veins studied, pri-
marily stenotic jugular valves (88.0% of abnormal veins). We found that sonographic
criteria, using either Zamboni or ISNVD criteria were of poor diagnostic accuracy
(Cohenss k coefficient < 0.1). MR venography with the use of our dedicated protocols
appeared to be a slightly better diagnostic tool (k about 0.4).

Conclusions: The results of our MR imaging protocols for the assessment of abnor-
malities in internal jugular veins were better if compared to Doppler sonography.
Yet, even MR venography was far from being perfect and at the moment neither this
examination nor Doppler sonography cannot replace invasive catheter venography
and should not be used as a definitive test for diagnosing anatomical and functional
abnormalities in the internal jugular veins.

Key words: jugular vein, chronic cerebrospinal venous insufficiency, Doppler ultraso-
nography, magnetic resonance venography.
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INTRODUCTION

Chronic cerebrospinal venous insufficiency (CCSVI)
was initially defined as a clinical syndrome comprising
stenoses of the internal jugular and/or azygos veins,
characterised by collateral venous outflow and reduced
cerebral blood flow [1, 2]. Contrary to other venous
pathologies characterised by prevailing post-thrombotic
abnormalities, the majority of CCSVI patients present
with valvular and functional anomalies. Such a unique
vascular pathology is not often seen in the venous sys-
tem, and for the time being no established non-invasive
method for the assessment of such a condition exists [3].
Although in most of the published studies a diagnosis
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of CCSVI was given using Doppler sonography or MR
venography, research on the validity of these tests was
done primarily in the context of potential association
of CCSVI with multiple sclerosis (MS) [1, 4-7]. Howev-
er, it seems more accurate to validate a test against the
established gold standard, and not against the presence or
absence of the disease [8]. In addition, CCSVI - defined
as an anomalous outflow from the brain and spinal cord -
is probably not a single clinical entity, but rather a group
of different anatomical and functional abnormalities that
in some individuals can even come together. Patients can
present with diminished inflow to the internal jugular
vein (IJV) resulting from decreased cerebral venous flow,
with the IJV externally compressed (usually by aberrant
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adjacent muscles, arteries, or bones), with hypoplastic
IJV, or with stenotic jugular valves incurring flow reten-
tion [3]. This heterogeneity of CCSVI is probably respon-
sible for the low diagnostic reliability of non-invasive
tests. Also, considering these many faces of CCSVI, it
is easier to understand why the results of studies on the
prevalence of this clinical entity are so discordant. Not
only were the authors using different diagnostic modali-
ties and protocols, but probably they were also interpret-
ing the findings of the tests differently and looking for
different irregularities [3].

Our prospective study was aimed at the evaluation of
diagnostic values of the above-mentioned non-invasive
modalities, using catheter venography as the reference test.

MATERIAL AND METHODS

This survey was aimed at the assessment of the diag-
nostic efficacy of Doppler sonography and MR venogra-
phy in the IJV territory. In this study 126 patients with
clinically defined MS were prospectively assessed. There
were 87 women and 39 men, and the patients were aged
22-69 years, with a median age of 50 years. The patients
were initially examined using Doppler sonography and
MR venography. Then, they underwent standard catheter
venography of their IJVs and the azygous vein. For the
purpose of this study, catheter venography was regard-
ed as the reference test, and the results of this examina-
tion were compared to those of Doppler sonography and
MR venography. Patients positive for CCSVI in catheter
venography then underwent venous angioplasty of the
stenosed veins. Doppler sonography and catheter venog-
raphy were performed in all 126 patients, whereas MR
venography was done only in 82 patients. The azygous
vein lesions that were detected using either catheter or
MR venography are not discussed in this paper.

This study was approved by the Bioethical Committee
of the Regional Silesian Board of Physicians in Katowice,
Poland: approval No: 20/2011, and the study was regis-
tered at ClinicalTrials.gov - identifier: NCT01425554. All
patients gave written consent to undergo the procedures
and diagnostic tests.

Catheter venography

The details and interpretation of catheter venography
used in this study have been described elsewhere [8-10].
The following venographic flow patterns in the internal
jugular veins were regarded as abnormal:

« no outflow of contrast through the vein,

« venous outflow slowed down, i.e. a retention of injected
contrast in the examined vein longer that one cardiac
cycle,

« reversed flow direction (reflux),

« outflow through collaterals,

« prestenotic dilation of the vein associated with slower
flow or reflux,
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o complete occlusion or agenesia of the vein,

o intraluminal structures (webs, septa, or membranes),
hypoplasia, or narrowing of the vein compromising
outflow, i.e. incurring the retention of injected contrast,
reflux or collateral outflow,

o jugular valve (the valve located just above the junction
of the IJV with the brachiocephalic vein) was recog-
nised as pathological if such a valve compromised the
outflow in a similar way as other intraluminal struc-
tures (Fig. 1).

Doppler sonography

Imaging and assessment of the IJVs using colour Dop-
pler sonography was conducted with an GE LOGIQ-e
ultrasound machine with an 8-MHz linear probe (GE
Healthcare, Cleveland, Ohio, USA) [8]. The probe applied
minimal pressure to the skin to prevent undesired com-
pression of the examined veins: the IJVs and vertebral
veins (VVs). We did not examine intracranial veins. Since
all patients assessed suffered from MS, the sonographer
was not blinded regarding the clinical diagnosis of the
patients. Nonetheless, he did not know the results of the
MR and catheter venographies (the latter was performed
after the two non-invasive tests). Examinations were per-
formed with patients in the supine and sitting positions.
IJV's were evaluated in three locations:

o in the valve area (junction with the brachiocephalic
vein) - (J1),

o in the middle part of the vein - (J2),

« in the upper part of the vein (cranially from its junction
with the facial vein) - (J3).

The following parameters were evaluated in each of
these locations and repeated in the supine and sitting
positions:

« flow direction (towards heart, reversed, bidirectional),

Fig. 1. Catheter venography of the right internal jugular vein.
Severe stenosis (arrow) at the level of the jugular valve incurring
prestenotic dilatation of the vein and outflow of injected con-
trast through collaterals
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o presence of reflux (flow towards the brain) longer than
0.8 seconds,

« absence of flow,

o peak flow velocity,

o presence of intraluminal defects (valve, septum, mem-

brane),

« cross-sectional area (CSA).

Vertebral veins were assessed in the middle part of
the neck, in the best visible segment. VVs, similarly to
the IJVs, were examined in the supine and sitting posi-
tions, and the same parameters - except for the pres-
ence of intraluminal defects and CSA - were evaluated.
We interpreted our findings in the context of two sets
of sonographic criteria: proposed by Zamboni (but not
using the evaluation of the intracranial veins) and criteria
suggested by an expert panel of the International Society
for Neurovascular Disease (ISNVD).

Sonographic criteria of CCSVI by Zamboni:

1. Reflux. Constant reflux (> 0.8 s) in a single IJV or VV,
in sitting or supine position.

2. Stenosis/B-mode anomalies. Reduction of the CSA of
IJV less than 0.3 cm?in both body positions, and the
presence of an intraluminal defect (such as webs, septa,
or malformed valves).

3. No flow. Absence of Doppler signal in IJV or VVs in
both supine and sitting positions.

4. Negative ACSA. CSA of the IJV, which was greater
in the sitting position than in the lying position, or
appeared unchanged despite change in posture [11].

ISNVD Sonographic criteria of CCSVI:

1. Reflux. Bidirectional flow in the IJV in both postures,
or bidirectional flow in one position with absence of
flow in the other position.

2. Stenosis/B-mode anomalies. Reduction of the CSA of
IJV less than 0.3 cm?in the supine position, or the pres-
ence of an intraluminal defect combined with haemo-
dynamic changes (increased velocity, absence of flow,
reverse flow, etc.).

3. No flow. Absence of Doppler signal in IJV or VVs in
both sitting and upright positions, or in one posture but
with bidirectional flow detected in the other position.

4. Negative ACSA. CSA of the IJV, which was greater
in the sitting position than in the lying position, or
appeared unchanged despite change in posture [12].

Interpretation of sonographic findings

We regarded a criterion to be positive if the required
parameters were met in at least one segment of the IJV:
J1,J2, or J3. We interpreted as a reflux (Zamboni’s criteri-
on 1) only completely reversed flow detected in the entire
cross-section of the vein. Of note, we did not interpret
as a reflux vortical flow or artefacts produced by whirls
in the proximity to valve cusps. Also, we interpreted as
intraluminal defects (Zamboni’s criterion 2) all sono-
graphically detectable valves, since it was very difficult
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to set a reasonable threshold between ‘normal’ and ‘mal-
formed’ valves. Similarly, since it was not possible to set
such a threshold between ‘normal’ and ‘increased’” flow
velocities (ISNVD criterion 2), we interpreted as a steno-
sis the presence of intraluminal defects combined with
absent or reversed flow [8]. Final interpretation was done
by an experienced sonographer, and the vein was inter-
preted as abnormal if there were:

« at least one positive Zamboni’s criterion,

« at least two positive Zamboni’s criteria,

o at least one positive ISNVD criterion,

« at least two positive ISNVD criteria (Table 1).

In addition to Zambonis and ISNVD CCSVI sono-
graphic diagnostic criteria, we also evaluated the follow-
ing sonographic parameters in the IJVs:

« flow direction (towards heart, reversed, bidirectional),

o presence of reflux (flow towards brain) longer than 0.8
seconds,

« absence of flow,

« value of peak flow velocity,

« presence of intraluminal defects (valve, septum, mem-
brane),

o CSA,

o quotient of maximal and minimal cross-sectional
diameter,

« difference of cross-sectional areas in the sitting versus
upright positions (ACSA).

Each of these parameters was measured at three dif-
ferent locations: at J1, J2, and J3 levels, and also (except
for ACSA) in the sitting and upright body positions, thus
in total 45 different parameters were evaluated. An asso-
ciation of these sonographic parameters with venograph-
ically-detected abnormalities was further tested statisti-
cally using multivariate regression analysis.

Magnetic resonance venography

Magnetic resonance venographies were acquired
using a GE 1.5 Tesla HDx magnetic resonance scanner
equipped with an 8-channel head coil (GE Medical Sys-
tems, Milwaukee, Wisconsin, USA). For every subject the
head was maintained straight. Fast scout gradient-echo
images were acquired initially in the coronal, sagittal, and
transverse planes for localisation. Then the following sen-
tences were acquired:

o two-dimensional fast imaging employing steady-state
acquisition (2D FIESTA) in three planes: axial, coro-
nal, and sagittal (slice thickness/TR/TE/NEX = 4 mm/
4.03/1.7/1),

« axial fast spin echo-T2-weighted sequences with fat satu-
ration (FSE+FatSat), using the following parameters: Fat-
Sat, slice thickness/TR/TE/NEX = 4 mm/3440/105.9/2,

« axial two-dimensional time-of-flight (2D TOF) imaging
with a saturation band positioned below planned slices
(slice thickness/TR/TE/NEX = 3 mm/9.1/3.7/1) [13].

Phlebological Review 2015



Diagnostic accuracy of Doppler sonography and magnetic resonance venography for the assessment of impaired outflow

from the internal jugular vein in patients with multiple sclerosis

Table 1. Diagnostic values of sonographic and MR venographic CCSVI criteria, including likelihood ratios according to the Bayes’

theorem and the Cohen’s « coefficient

Sensitivity (%) Specificity (%) Positive and negative ~ Bayesian likelihood Cohen’s k
predictive values (%) ratios of a positive and coefficient (%)
negative result (%)
Diagnostic accuracy of Doppler sonography (252 veins studied)
at least one positive 923 12.5 70.6/41.7 69.0/43.4 0.062
Zambonli's criterion
at least two positive 27.2 79.7 74.6/33.3 73.9/34.1 0.047
Zamboni's criteria
at least one positive 91.2 12.5 70.3/38.5 68.8/40.2 0.047
ISNVD criterion
at least two positive 453 06.3 74.3/36.1 73.9/36.4 0.094
ISNVD criteria
Diagnostic accuracy of MR venography (164 veins studied)
abnormal FatSat MR 93.2 37.0 79.1/68.0 75.8/72.1 0.400
venography
abnormal 2D TOF MR 89.8 435 80.3/62.5 77.1/66.8 0.407
venography
abnormal FatSat or 2D 93.2 34.8 78.6/66.7 75.2/70.9 0.378
TOF MR venography

The first imaging technique was used primarily for
the evaluation of venous anatomy, whereas the two others
provided information on venous flow characteristics. In
this survey we analysed the results of FSE+FatSat and 2D
TOF imaging. There were also some infrequent cases of
severe narrowing of the IJVs demonstrated with 2D FIES-
TA imaging, but such abnormal results of this imaging
technique were not further analysed statistically.

In this study we interpreted the MR venography of
the internal jugular veins as pathological if the vein was
found abnormal in:

« FSE+FatSat MR venography,

« 2D TOF MR venography,

« at least in one of the above-mentioned diagnostic mo-
dalities.

Such an interpretation was done by an experienced
neuroradiologist, and the vein was interpreted as abnor-
mal if there were features of slowed or reversed flow. In
the case of the FSE+FatSat MR venography it meant the
presence of bright signals inside the vein (Figs. 2 and 3).
The 2D TOF MR venography was interpreted as abnor-
mal if the signal was blurred and diminished (in severe
cases there were even black spots inside the vein) (Figs. 4
and 5). The neuroradiologist knew that all patients suf-
tered from MS, but he did not know the results of Dop-
pler sonography and catheter venography.

Statistical analysis

We evaluated the diagnostic accuracy (sensitivity,
specificity, positive and negative predictive values, and
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the Cohen’s k coefficient) of non-invasive tests: Doppler
sonography and MR venography using results of cathe-
ter venography as the reference test. Since in the studied
group the prevalence of venographic abnormalities of the
IJVs was very high, in addition to classical statistics we

Fig. 2. Coronal FSE+FatSat MR venography of the internal jug-
ular veins. Normal flow in the right internal jugular vein (white
arrow) demonstrated by low intensity of the signal inside this
blood vessel (the veins are dark); the left internal jugular vein
(black arrow) is whitish, which is suggestive of venous blood
stasis
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Fig. 3. A similar coronal FSE+FatSat MR venography of another
patient with impaired outflow from the left internal jugular vein

Fig. 5. A similar axial 2D TOF MR venography of another patient
with impaired outflow from the left internal jugular vein

also applied the Bayesian approach and calculated the
likelihood ratios of positive and negative results, assum-
ing that prior probability of an abnormality in the IJV was
67.9% (equal to the prevalence of venographically-de-
monstrable lesions in this group of MS patients).

We also performed multivariate regression analysis,
testing the null hypothesis that the above-mentioned
45 sonographic parameters were significantly associated
with abnormalities revealed by means of catheter venog-
raphy. For this purpose we used the one-way analysis of
Jaccard’s similarities (ANOSIM), applying the squared
Mahalanobis’ and the Gower’s distance measures. Sig-
nificance of p values was set at p < 0.05. This part of the
statistical analysis was done using the PAST data analysis
package (version 2.09; University of Oslo, Norway).
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Fig. 4. Axial 2D TOF MR venography of the internal jugular
veins just above the jugular valves. Normal flow in the right
internal jugular vein (white arrow) demonstrated by bright sig-
nal inside this blood vessel; conversely, the left internal jugular
vein (black arrow) presents with minimal signal intensity, thus
suggesting venous outflow has slowed

RESULTS
Safety profile of catheter venography

There were no serious adverse events associated with
catheter venography, such as: bleeding requiring blood
transfusion, thromboembolism, injury to arteries or
nerves, or cardiac tachyarrhythmias in this studied group
of MS patients.

Prevalence of venographic abnormalities
in the internal jugular veins

Catheter venography revealed anatomical and hae-
modynamic abnormalities meeting the above-described
definitions of abnormal venographic pattern in 171
(67.9%) of the IJVs. Almost all patients, i.e. 122 of them
(96.8%), presented with at least one abnormal IJV. Stenot-
ic lesions were found mostly at the level of jugular valves
(88.0% of abnormal veins), and less frequently we found
multiple stenoses of the vein, usually including stenosis
of the valve (12.8%). There were also single cases present-
ing with isolated stenoses of the middle part of the IJV
(0.6%), and of the brachiocephalic vein (0.6%).

Diagnostic accuracy on non-invasive tests

Parameters describing the diagnostic accuracy of
Doppler sonography and MR venography, such as: sensi-
tivity, specificity, positive and negative predictive values,
likelihood ratios of a positive and negative result accord-
ing to the Bayes’ theorem, and the k coeflicient, are given
in Table 1. Interestingly, in the case of MR venography,
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a better reliability of this test was revealed in the left IJV
(results not shown). Nevertheless, CCSVTI lesions in MS
patients are more common on the left side, so this differ-
ence might just be a reflexion of this lateralisation.

Results of multivariate regression analysis
of sonographic parameters

Multivariate regression analysis of the 45 sonograph-
ic parameters studied demonstrated that seven of these
variables were associated with significantly higher preva-
lence of venographic abnormalities. These were:

« peak flow velocity at J3 in the supine position that was
less than 24 cm/s,

« peak flow velocity at J2 and J3 in the sitting position
that was less than 24 cm/s,

« cross-sectional area at J1 in the supine position that was
less than 70 mm? (0.7 cm?),

o cross-sectional area at J2 and J3 in the sitting position
that was less than 8 mm? (0.08 cm?),

» ACSA at]1 equal to zero or negative.

However, further analysis has revealed that despite
the statistical significance of these variables, there was
a big overlap between venographically positive and neg-
ative patients regarding these sonographic parameters.
Therefore, even these sonographic features were not very
reliable in terms of diagnostic efficacy (Table 2).

DISCUSSION

A high prevalence of venous abnormalities in MS
patients, as has already been demonstrated using catheter
venography [8-10, 14-18], makes the search for a prop-
er non-invasive test for CCSVI difficult. Since venous
pathologies can be found in the majority of MS patients,
theoretically any diagnostic criterion will reveal a high
sensitivity and high Bayesian likelihood ratio. Impor-
tantly, in the case of highly prevalent pathology, a reliable
diagnostic test should be characterised by high specificity
and a Bayesian likelihood ratio of negative results that is
not lower than the actual prevalence of normal findings

Table 2. Diagnostic values of selected sonographic parameters

from the internal jugular vein in patients with multiple sclerosis

(in the case of this study it should not be less than 32.1%).
Besides, such a reliable test should exhibit high Cohen’s
k coefficient (traditionally it is interpreted that a « val-
ue higher than 0.5 indicates good agreement between the
tests; however, in a case of highly prevalent pathology this
threshold indicating good agreement may be lower, and
in this study the value of 0.4 looks reasonable).

Under the conditions of this study we found that sono-
graphic criteria (using either Zamboni’s or ISNVD crite-
ria) for CCSVI were of poor diagnostic accuracy. Statistical
coeflicients characterising diagnostic accuracy of Doppler
sonography were found to be unacceptably low. Also,
Cohens «k coefficients of all evaluated criteria were well
below 0.4. In addition, statistical analysis of sonographic
parameters not included in Zamboni’s or ISNVD crite-
ria has demonstrated that even these variables were not
capable of distinguishing venographically abnormal IJVs
from the normal veins. However, it is likely that actually
stenotic CCSVI lesions, depending on degree of stenosis,
characteristics of inflow volume, and potential for collater-
al outflow, can differently affect the flow at the level of such
a stenosis. This may explain the discordant results of sono-
graphic studies on CCSVI [3]. Magnetic resonance venog-
raphy (using our CCSVI-dedicated protocol) appeared to
be a better diagnostic tool (k coeflicients of about 0.4). Yet
even this test was of limited diagnostic efficacy, and with the
use of currently available imaging protocols this non-inva-
sive test cannot replace invasive catheter venography.

There are some limitations of our study. Although
the reference test for the detection of IJV abnormalities
(catheter angiography) is widely regarded as the golden
standard for the assessment of vascular pathologies, in
the territory of jugular veins it is actually a ‘tarnished’
standard [19, 20]. In CCSVI patients the most preva-
lent abnormality is the stenotic, ‘over-competent’ jugular
valve [21]. Using invasive diagnostics (catheter venog-
raphy) about 90% of MS patients can demonstrate such
venous occlusive lesions [9, 10, 14-18]. Stenotic valves
are usually seen in combination with collapsed middle
and/or upper parts of the IJV. However, at the moment
it remains unclear what should be interpreted as normal

Sonographic parameter Sensitivity (%) Specificity (%) Positive predictive  Negative predictive
value (%) value (%)

peak flow velocity at J3 in the supine position < 24 cm/s 56.4 76.3 83.6 44.9

peak flow velocity at J2 in the sitting position < 24 cm/s 59.9 53.8 73.6 38.4

peak flow velocity at J3 in the sitting position < 24 cm/s 61.2 45.2 65.0 416

cross-sectional area at J1 in the supine position < 70 mm? 55.2 58.8 74.2 379

cross-sectional area at J2 in the sitting position < 8 mm? 57.0 75.0 83.1 448

cross-sectional area at J3 in the sitting position < 8 mm? 57.6 63.3 81.1 43.9

ACSA at J1 equal to zero or negative 227 715 68.4 31.8
Phlebological Review 2015 | 25
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IJV and what as a pathological vein. For example, some
researchers define 50% luminal restriction of the IJV as
pathological [17], yet others argue that such a narrowing
should be interpreted as abnormal only if accompanied
by flow irregularities (for example, collateral outflow)
irrespective of nominal degree of the stenosis [19, 22].
It is also important how such a narrowing is measured
[23]. Other definitions of venographic anomaly in the
territory of IJV are debatable as well [19]. Moreover, an
angiographic catheter inserted in a retrograde manner
can change the morphology of the jugular valve, produc-
ing false positive and negative results [19]. Therefore, it is
possible that a number of abnormalities, especially valve
lesions, were misdiagnosed in our patients.

There are also potential limitations of this study relat-
ed both to sonographic and MR venographic assessment.
The most important limitation of the sonographic part of
our study is the fact that Doppler sonography is an opera-
tor-dependent test [5, 24, 25]. It is also known that CCSVI
is more likely to be diagnosed using ultrasound in a mild-
ly dehydrated patient (for example, after fasting over-
night) [26] and that diagnosis of CCSVI given with the
use of Doppler sonography is poorly reproducible [24].
Similarly, head rotation can significantly affect flow in the
IJV, which may result in inadequate diagnosis of CCSVI
[27]. The other weak point of our study is the fact that we
did not assess intracranial veins (reflux in the intracranial
veins is one of the original Zamboni’s criteria). There is
much controversy about studying sonographically cere-
bral veins. Most of the researchers agree that detection
of a reflux in the deep cerebral veins is very difficult to
perform and requires great expertise [28]. Yet, even if
the assessment of intracranial veins were found highly
sensitive and specific (which is probably not the case),
considering the high rates of false positive findings of the
remaining criteria (Table 1) it is unlikely that diagnostic
accuracy of the whole set of five Zamboni’s criteria would
be greatly improved. The other questionable point of our
study is our interpretation of all sonographically detect-
able valves as an abnormality. Unfortunately, published
guidelines do not give a clear definition of such patho-
logical intraluminal structures [12, 20]. Undoubtedly,
this part of sonographic assessment of IJVs needs clar-
ification, and perhaps intravascular ultrasound (IVUS),
instead of standard sonography, should be used to distin-
guish normal from pathological valves [16, 29, 30].

The most obvious limitation of our MR assessment of
the IJVs is the fact that probably we utilised a sub-optimal
imaging protocol. Magnetic resonance venography is usu-
ally considered an objective and not operator-dependent
diagnostic modality. With the use of MR venography the
IJVs can be evaluated from their origins inside the skull
(which cannot be done by means of ultrasound) to their
junctions with the brachiocephalic veins. Theoretically,
MR venography has the potential to replace other diag-
nostic methods. Moreover, in the case of evaluation of
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MS patients this test can be combined with structural and
functional imaging of the brain and cerebral vessels [20].
However, MR venography is actually not a single imaging
technique, but rather a collection of very different diag-
nostic modalities. At the moment, no widely accepted and
reliable MR protocol for the assessment of CCSVI exists
[20]. In addition, published evidence is quite discordant.
While some researchers who utilised MR venography in
MS patients demonstrated obvious abnormalities of the
veins [31-35], others were unable to demonstrate lesions
[36, 37]. Nevertheless, probably not all research utilised
the correct imaging protocols. Of note, the study that
used more sophisticated IJV-dedicated MR protocols
revealed more stenoses in MS patients (55% and 61%)
than in the control group (5% and 10%) [32].
Conventional MR venography that primarily focuses
on the morphology of the vein can easily reveal a narrow-
ing of its upper segment and also a flattening of its mid-
dle part. Yet pathological role of such narrowing of the
upper and middle part of the IJV remains elusive [38].
Conversely, standard gadolinium-enhanced MR venog-
raphy is not good in demonstrating the pathology of the
jugular valves. Jugular valves are tiny structures, which
are not well visible on standard MR images. Also, arte-
facts resulting from respiratory and cardiac movements
routinely blur the area of these valves, and so does gad-
olinium contrast. Also, this imaging technique cannot
reveal venous flow restrictions, which appear to be the
most common CCSVI abnormality. But the pathology
of jugular valves usually results in flow restriction that
can be demonstrated by MR protocols focusing on flow
assessment. The researchers who studied the flow charac-
teristics in the IJVs in MS patients by means of 2-dimen-
sional phase contrast MR imaging found that stenoses
revealed by morphological MR venography significant-
ly affected the flow. Patients diagnosed with stenoses
showed significantly reduced jugular flow compared to
non-stenotic patients. In addition, localisation of sten-
oses in the lower part of the IJV (the area of the jugular
valve) led to more severe reduction of the flow. Interest-
ingly, total arterial flow was not different in the patients
with and without stenoses; therefore, probably cerebral
venous outflow in ‘stenotic’ patients was shifted from the
IJVs to an alternative venous network [39-41]. Recently,
a sophisticated CCSVI-dedicated MR venography pro-
tocol has been recommended. This protocol, in addition
to non-contrast venography based on the 2-dimension-
al time-of-flight imaging, utilises also the time-resolved,
contrast-enhanced, 3-dimensional MR venography and
the 3-dimensional, phase-contrast MR venography. The
former contrast-enhanced imaging serves the purpose of
evaluating vascular abnormalities, such as: vessel paten-
cy, stenoses, aplasia, truncular malformations, and valve
abnormalities. The latter is used to assess flow dynamics
in the veins and arteries of the neck [20]. However, as
yet this promising protocol has not been tested against
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catheter venography or other invasive techniques, such as
IVUS.

In our study we used CCSVI-dedicated MR imaging
protocols that focused on the detection of venous outflow
impairment. Since statistical coefficients characterising
the diagnostic accuracy of our CCSVI-dedicated MR
venography were found to be superior to those of Dop-
pler sonography, it suggests that our approach was cor-
rect, but an optimisation of imaging protocols (such as
modified: repetition time, echo time, acquisition time, or
other imaging parameters) will be needed. Since CCSVI
is primarily associated with compromised venous outflow
from the central nervous system resulting in hypoperfu-
sion of the brain, perhaps additional MR protocols aimed
at perfusion assessment should also be used in the future.

CONCLUSIONS

Our research shows a clear gap in the understanding
of venous haemodynamics in the territory of the IJVs,
and more research is needed to improve the diagnostic
accuracy of non-invasive tests. The results of our dedi-
cated MR protocols were better when compared to Dop-
pler sonography or traditional MR assessment utilising
gadolinium-enhanced imaging. However, even these pro-
tocols were far from perfect, and it could be concluded
that at the moment neither MR venography nor Doppler
sonography should be used as a definitive test for diag-
nosing CCSVL

The authors declare no conflict of interest.
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