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Introduction: Chronic cerebrospinal venous insufficiency (CCSVI) is characterized by multiple
stenosis/obstructions affecting the principal extracranial outflow pathways of the cerebrospinal
venous system. Using EchoColorDoppler (ECD) to assess chronic CCSVI is a very difficult
and long examination. It takes about an hour even for an expert sonographer.

Methods: Hemodynamic morphological map (MEM-Net) is a program that works on the Internet.
All the morphological and hemodynamic data of the patient can be entered into the program’s
anatomical scheme to create a map of the ECD report. The program also allows us to collect all
the data during the ECD assessment and, using its algorithm, make the report uniform.
Conclusion: Reporting on the map by using MEM-net shortens the time of ECD written
reporting that is done automatically. The program also makes a blind control of the report and
enables the use of it for scientific research. We hope that in the future everyone will use this
data collection tool for all scientific work on this topic.
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Introduction

Chronic cerebrospinal venous insufficiency (CCSVI) is characterized by multiple
stenosis/obstructions affecting the principal extracranial outflow pathways of the
cerebrospinal venous system, the internal jugular veins (IJVs), and the azygos vein,
distributed in four main hemodynamic patterns.'

Furthermore, CCSVI determines significant changes in the cerebral venous hemo-
dynamic, with a very high incidence of reflux in both intracranial and extracranial
venous segments and loss of the postural regulation of cerebral venous outflow.'
Recently, Zamboni et al' suggested five EchoColorDoppler (ECD) venous criteria
that characterize this syndrome: 1) reflux constantly present in an outflow pathway of
1JVs or vertebral veins (VVs) assessed in supine and standing posture (0° and 90°); 2)
reflux propagated upward to the deep cerebral veins (DCVs), including superficial or
internal cerebral vein, basal vein, Galen vein; 3) evidence of IJVs stenosis; 4) flow not
Doppler detectable in the 1JVs and VVs assessed in supine and standing posture (0°
and 90°) and ; 5) negative difference in cross sectional area (CSA) of the IJV assessed
in supine and standing posture (0° and 90°) in the IJV (ACSA).? The presence of two
of them is enough to diagnose CCSVI.

Using ECD to assess CCSVI is a very difficult and long examination, requiring
about an hour of work even for an expert sonographer. It involves a venous ECD
assessment of the main veins draining the brain in the supine position, a venous ECD
assessment in the upright position, a Manconi breathing test, a neck rotation test,
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Figure | Map on paper of an EchoColorDoppler report with morphological and hemodynamic symbols.

Abbreviations: CCSVI, chronic cerebrospinal venous insufficiency; CSA, cross-sectional area; SP, secondary progressive; EDSS, Expanded Disability Status Scale; VHISS,
venous hemodynamic insufficiency severity score; MEM, hemodynamic morphological map; RDCYV, right deep cerebral veins; LDCV, left deep cerebral veins; |2, internal
jugular vein; RVV, right vertebral vein; LVV, left vertebral vein; VPLEX, vertebral plexus; BCT, common-brachiocephalic trunk anonymous; SVC, superior cava vein; IVC,
inferior cava vein; AZYGOS, Azygos vein; LREN, left renal vein; V-, valsalva negative; V+, valsalva positive; J IR, lower right internal jugular vein; J2R, middle right internal
jugular vein; J3R, upper right internal jugular vein; J IL, lower left internal jugular vein; J2L, middle left internal jugular vein; J3L, upper left internal jugular vein; VIR, lower right
vertebral vein; V2R, middle right vertebral vein; V3R, upper right vertebral vein; VIL, lower left vertebral vein; V2L, middle left vertebral vein; V3L, upper left vertebral vein;
Dx, right; Sn, left; IJVR, right internal jugular vein; IJVL, left internal jugular vein.

oy T a Valsalva maneuver, a transcranial deep vein assessment,

ccVIpataBase

and a third ventricle measure.

The real problem in the assessment is to remember
the five CCSVI criteria, which frequently causes many
National Epidemiological Observatory on CCSVI L. .
problems. In addition, the current ECD written reports are

w either oversimplified and repetitive or very complex and

° SAPIEN

only comprehensible for an expert; sometimes, they are
shown on complex tables that are difficult to understand.
] 2]0 86 MEE=] e — T Last but not least is the current presence in the literature

. ) ) o of two groups of criteria for ECD diagnosis of CCSVI."?
Figure 2 Web site of the National Epidemiological Observatory on CCSVI.

Abbreviation: CCSVI, chronic cerebrospinal venous insufficiency. The first list of five criteria is the original one pI'OpOSCd
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Table | Symbols and terminology to be used in reporting on EchoColorDoppler map examination of the veins draining the brain

Symbol Description MEM score
Calcification Endo- or extravascular 0
Full block When the block involves one or more segments with a caliber 2
equal to or greater than the previous level or the following level
Empty block When the block involves one or more segments with a caliber 2
much less than the previous level or the following level
Emi full block When the time of the drainage flow detected by pulsed Doppleris |

longer than the stop flow on one or more segments with a caliber
equal to or greater than the previous level or the following level
Emi empty block When the time of the drainage flow detected by the pulsed |
Doppler is longer than the stop flow on one or more segments
of size much smaller than the previous level or the following level

Morphological stenosis Organic stenosis <3 mmq 2

Stenosis hemodynamics  Flow velocity >150 cm/second 2

Membrane Hyperechoic area endovascular |
Septum Abnormal valve leaflet |
Thickening Valvular thickening |
Twist Twisting of the vessel |
Vicarious Flow vicarious >45 cm/second on vertebrals (V2) in clino |
and >60 cm second in orto. Flow vicarious > 100 cm/second on the
internal jugulars (J2) both in clino and ortostatic position
Ectasia Vessel diameter more than 20 mm |
Confluence Thickening of the confluence of jugular to subclavian |

Thickening-dysplasia Thickening (dysplasia) of the vessel wall |

Thrombosis Thrombosed segment 2

Recanalization Recanalization with parietal residues |

£EL L EXEE™N=(® <NW\2XX © ©0°0

White compression The compression is defined as white when the vein 2x each
is completely compressed and we cannot detect any flow white
Frontal
Right lateral
Left lateral
Back protrusion
Black compression The compression is defined as black when the caliber of the vessel ~ Ix each
is less than 6 mmq and shows a flow black
Frontal
Right lateral
Left lateral
(Continued)
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Table | (Continued)

Symbol

Description

MEM score

Antero protrusion

A5

In the upright position, the symbol is green; compressions can be detected through the head in the front and/or side position right

and/or left lateral position

N/
i

Vase accessory

Collateral vessel visible but with physiological flow

Net Reticular image into vessel lumen |
Reflux Reverse, retrograde, antiphysiological flow >0.8 seconds 2
- - - Emi-reflux Bidirectional flow |
Hypoplasia Vase with a diameter of less than 6 mm 2
Hypovisibile EchoColorDoppler hypovisible flow with PRF 0.7 |
(ARARERRRN Invisible EchoColorDoppler not visible flow with PRF 0.7 2
/\/ Vessel accessory Collateral vessel with reverse, retrograde, antiphysiological flow 2
pathological supine
f\/ and ortho
D Double channel EchoColorDoppler anechoic area 2
Functional stenosis Equivalent to Presence of morphological abnormalities and reflux 2

hemodynamic stenosis
Symbols for measures

e Caliber

or two-way flow or block on the same vein

Size, mmq

X Pressure Measurement of pressure, mmHg
H20
p"' Pressure Measurement of pressure, cmHZO
. ” Velocity Measurement of velocity, cm/second
Valsalva+ Valsalva test positive
V+
v Valsalva— Valsalva test negative

) ( Diameter

Additional symbols
T Free text

Respiratory hemodynamic index of Manconi

Thyroidectomy
Nodules

CSA in )2 inspiratory phase

CSA in subclavian inspiratory phase
Speed flow in ]2 inspiratory phase
Speed flow in subclavian
inspiratory phase

Measurement, mm

Normally reduced by at least 30% of expiratory CSA

Normally reduced by at least 30% of expiratory CSA

At least doubled compared with the previous inspiration speed
At least doubled compared with the previous inspiration

Note: Consensus Conference of National Epidemiologic CCSVI Observatory, 2013.¢
Abbreviations: CSA, cross-sectional area; Emi, When the time of the drainage flow detected by pulsed Doppler is longer than the stop flow; MEM, hemodynamic

morphological map; PRF, pulse repetition frequency.

by Zamboni in 2009.3 The second list> was approved
in 2011 by a consensus of experts from international
scientific societies with connections to the vascular area.
Sonographers find this last list of criteria very hard to
keep in mind.

Since 1988, we have reported, using hemodynamic
and morphologic symbols on a map, ECD examination
of the veins of the lower limbs.? We also have reported,
on a map, ECD of the veins draining the brain.>* The first
maps we used were on paper (Figure 1). Using paper to
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create the map, the possibility of mistakes in the final
assessment of ECD report was lower, but human error
was always possible. After 2 years of work, in 2012,
we completed the Mappa Emodinamica e Morfologica
(MEM-Net) program, available at http://www.mem-net.
it/ (Figure 2).

MEM-net is used by the National Epidemiological

Observatory on CCSVI for data collection in its computer-
ized platform, which works on the Internet. In 2013, the
observatory organized a consensus conference involving
national scientific societies with connections to the vascular
area to share the symbols and terminology to use for MEM-
net mapping (Table 1).

The ECD map scheme is a stylized diagram of the veins
draining the brain and spinal cord. (Figure 3). The internal
jugular and the vertebral veins, on the map, are divided
into three segments: The proximal segments are J1-V1, the
medium segments are J2-V2, and the distal segments are
J3-V3.1]1, J2, and J3 are the segments of 1JVs. J1 segments
go from the confluence into the subclavian vein to the inferior
level of the thyroid. J2 segments go from the inferior level of
the thyroid to the jugular point; this point is where the veins
cross the bifurcation of the carotid arteries. The J3 segment
goes from the jugular point to the highest point detectable
by ECD. V1, V2, and V3 are the segments of vertebral veins.
The V1 segment goes from the confluence into the subclavian
vein to the point in which the vertebral vein goes up from
vertebral channel. The V2 segment goes from this last point
to the C3 bone. The V3 segment is above this level.

The veins are represented by blue lines; on them are
reported the morphologic and hemodynamic symbols that
correspond to the assessment of ECD. The symbols of the
ECD assessment done in the supine position are shown in
red, and the symbols of the upright assessment are shown in
green. The report on the map, by MEM-net, shortens the time
of ECD assessment and reduces human error.

Methods

Using the program, when the sonographer finds, during
the ECD assessment, an anomaly or a hemodynamic
pathological flow, he or she immediately puts the equiva-
lent symbol on the corresponding point of the map.
A legend with all the symbols is close to the map, and
you can pick which symbol you need, using the mouse
(Figure 4).

To use the MEM-net program as a part of the platform of the
National Epidemiological Observatory on CCSVI, you must first

3rd Ventricle

V3R J3R JaL V3L
Thyroid
V2R J2R l JoL VL
VIR JIR JiL VAL
/ SRV SLV
REC LBCT
scv
AZYGOS VPLEX
Ve
LREN
RIV LIV

Figure 3 Map scheme for an EchoColorDoppler report.

Abbreviations: RDCV, right deep cerebral veins; LDCV, left deep cerebral
veins; RVV, right vertebral vein; LVV, left vertebral vein; Vplex, vertebral plexus;
RBCT, right common-brachiocephalic trunk anonymous; LBCT, left common-
brachiocephalic trunk anonymous; RSVC, right superior cava vein; LSVC, left
superior cava vein; IVC, inferior cava vein; AZYGOS, Azygos vein; LREN, left renal
vein; RIV, right iliac vein; LIV, left iliac vein; | IR, lower right internal jugular vein; J2R,
middle right internal jugular vein; J3R, upper right internal jugular vein; JIL, lower
left internal jugular vein; J2L, middle left internal jugular vein; 3L, upper left internal
jugular vein; VIR, lower right vertebral vein; V2R, middle right vertebral vein; V3R,
upper right vertebral vein; VIL, lower left vertebral vein; V2L, middle left vertebral
vein; V3L, upper left vertebral vein; SRV, subclavian right vein; SLV, subclavian left
vein; SCV, superior cava vein.

register, putting in your personal identification and password.
You can then add a new patient to the archive, and the program
automatically creates an ID number for privacy. Once you have
entered the patient into the program, you can input the patient’s
personal and clinical data. Then you can enter the data on the
hemodynamic page, where the symbols and the MEM-net map
for the ECD report are (Figure 4). After saving the map of the
ECD assessment, you can print it alone or with the written report.

Journal of Vascular Diagnostics 2014:2
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Figure 4 Page on which to digitalize the map.

Abbreviations: CCSVI, chronic cerebrospinal venous insufficiency; CSA, cross-sectional area; VHISS, venous hemodynamic insufficiency severity score; MEM, hemodynamic

morphological map.

You can also use the statistic area for general or clinical data
analysis of your patients (Figure 6). Creating the report on the
map using MEM-net shortens the time for ECD, as reporting
is done automatically (personal communication).

The MEM-net program allows all the data from a long
and difficult ECD examination to be collected and, using its
algorithm, made into a uniform report. The program also
makes a blind control of the report, which allows its use for
scientific research.

The input of the hemodynamic and morphological sym-
bols on a MEM-net map automatically allows the following to
be printed: an ECD morphological hemodynamic map with a
legend of the symbols (Figure 4); examination written report-
ing; which criteria we founded; the CCSVI score; the venous
hemodynamic insufficiency severity score; the type of CCSVI
(type 1, type 2, or type 3); the clinical type (Clinically Iso-
lated Syndrome, relapsing remitting, secondary progressive,

or primary progressive); Expanded Disability Status Scale;
years of disease duration; first symptom; age and sex; and an
identification code for the privacy of the patient.

This software makes a faster, easier, and more appropriate
ECD report of CCSVI; reduces human error; standardizes
the ECD report by using shared symbols from the consensus
conference; writes the assessment report (personal
communication); automatically prints the report (Figure 5);
saves all hemodynamic and morphological results in its
database; allows 90 items of statistical analysis of patient
data (Figure 6); and makes clinical and hemodynamic checks
and follow-up faster and easier.

The MEM-net algorithm acts as a blind control for the
ECD report and acts like an, eliminating another source of
possible human error and subjective interpretation of the
examination. In addition, the ECD data are collected by
the same standard procedure (map report);’ the MEM-net
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Figure 5 Report printing of an EchoColorDoppler examination with hemodynamic and morphological symbols.
Abbreviations: CCSVI, chronic cerebrospinal venous insufficiency; CSA, cross-sectional area; SP, secondary progressive; EDSS, Expanded Disability Status Scale; VHISS,
venous hemodynamic insufficiency severity score; MEM, hemodynamic morphological map; Dx, left; Sx, right.
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Figure 6 Page for clinical analysis.

Abbreviations: CCSVI, chronic cerebrospinal venous insufficiency; VHISS, venous hemodynamic insufficiency severity score; MEM, hemodynamic morphological map; RR,
relapsing-remitting; SP, secondary progressive; PP, primary progressive; CIS, Clinically Isolated Syndrome; EDSS, Expanded Disability Status Scale.

program also allows research on homogeneous samples in
short time.

Conclusion

Using the ECD map report will change the current reporting
habits of sonographers because they normally write the report
at the end of the examination, but the computed map MEM-
net program must be used throughout the ECD assessment. To
overcome this problem, the National Epidemiological Obser-
vatory on CCSVI schedules 1 day practical work classes to
teach reporting on the ECD examination for CCSVI map.
Participants can review the course on the observatory website
(http://www.osservatorioccsvi.org/; Figure 2).

We hope that in the future, everyone will use this data
collection tool for all scientific work on this topic.
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