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Objective: The aim of the present study was to assess the size of the third ventricle in a sample 

of patients with multiple sclerosis (MS) affected by chronic cerebrospinal venous insufficiency 

(CCSVI), versus size of the third ventricle in a healthy control group.

Background: CCSVI, a new nosological vascular pattern, has recently been associated 

with MS.

Methods: We enrolled 33 patients affected by MS (three in the primary progressive clinical 

course, 23 in the relapsing–remitting clinical course, and seven in the secondary–progressive 

clinical course). All patients had been affected by CCSVI and were tested using an echo color 

Doppler (ECD) imaging unit. The group of 33 affected by both MS and CCSVI (MS–CCSVI) 

was composed of 19 females and 14 males with a mean age of 40±10 years, from a minimum age 

of 20 years to a maximum age of 66 years, with a median of 40 years and a mode of 32 years. 

We compared the 33 MS–CCSVI patients with 33 healthy control subjects of similar sex and 

age. In the MS–CCSVI group, the MS clinical severity was expressed by expanded disability 

status scale (EDSS) score: light (19 patients, scoring 1, 2, or 3); medium (ten patients with a 

score of 4, 5, or 6), and severe (four patients with a score of 7, 8, or 9). The average duration 

of the MS was 10±7 years (from a minimum of 1 to a maximum of 26 years, with a median of 

10 years and a mode of 1 year).

Results: In the MS–CCSVI group, the third ventricle diameter was 6.2±1.7 mm (from a 

 minimum of 2.5 mm to a maximum of 9.2 mm, with a median of 6.3 mm, and a mode of 6.0 mm). 

Our data showed that 29 patients (88%) had an increase in third ventricle diameter, whereas only 

four patients (12%) had physiological size (less than 4 mm) comparable to all healthy control 

group subjects (27.28%). These results show that the increase in the third ventricle diameter 

could represent a criterion of positivity of neurological disease in patients with CCSVI.

Keywords: MS, CSSVI, increased size of the third ventricle

Introduction
Multiple sclerosis (MS), the most common neurological disorder in young adults, is 

traditionally considered to have autoimmune determinants.1 The multi-step mechanism 

of the disease involves inflammation, demyelination, and neuro-degeneration of the 

central nervous system.1–3 It is interesting to note that, from the time of the first histo-

logical description by Charcot,4 MS plaques were known to be venocentric.2,4 Both 

magnetic resonance venography (MRV)5–9 and postmortem studies show a central vein 

oriented on the long axis of the inflammatory lesion.

In addition, as usually happens in several neurodegenerative disorders, the brain 

and spinal cord of MS-affected patients contain abnormally high levels of redox-active 
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metals, particularly iron,10 documented by advanced magnetic 

resonance imaging (MRI)11 and enhanced histochemical 

methods.12,13

The several forms of MS,1,2,14 are based on clinical 

 characteristics: relapsing–remitting MS (RRMS),  comprising 

85% of MS patients;15 secondary–progressive MS (SPMS), 

comprising 15% of MS patients,14,15 and primary  progressive 

MS (PPMS), comprising 5% of MS patients.16 RRMS is 

the most common form of the disease. Patients affected by 

this form tend to experience an attack or series of attacks 

(exacerbations) followed by complete or partial remission.15 

SPMS begins with a relapsing–remitting (RR) course 

(RRMS); it is chronic and progressive. There are no real 

periods of remission, only breaks in attack duration, with no 

sustained recovery from symptoms.14,15 PPMS is character-

ized by a gradual clinical decline with no periods of remission 

from the outset.16 There are several diagnostic tools used to 

identify the different MS types.1,2,17–19 MRI of the brain and 

spine is often performed; this shows areas of demyelination 

(lesions or plaques) in the absence or in the presence of 

gadolinium.20,21 Analysis of cerebrospinal fluid may provide 

evidence of chronic inflammation of the central nervous 

system by showing oligoclonal bands of immunoglobulin 

G (IgG).22 We use evoked potentials to study  demyelination 

of the optic and sensory nerves.23 A clear demonstration of 

topographic correspondence between MS plaques and the 

cerebral venous system has been shown by MRV7,24 and 

postmortem studies.25

The new nosological vascular pattern, defined as chronic 

cerebrospinal venous insufficiency (CCSVI), is strongly 

associated with MS.24 Although both pathogenetic  hypothesis 

and mode of treatment are highly controversial issues, 

a marked symptomatic improvement has been observed 

in several series of patients with MS who had undergone 

endovascular internal jugular vein (IJV) angioplasty. 

CCSVI is characterized by multiple stenosis/obstructions 

affecting the principal extra-cranial outflow pathways of the 

cerebrospinal venous system, the IJVs, and the azygos vein 

(AZY),  distributed in four main hemodynamic patterns.23 

 Furthermore, CCSVI determines significant changes in the 

cerebral venous hemodynamic, with a very high incidence 

of reflux in both intra-cranial and extra-cranial venous seg-

ments, and loss of the postural regulation of cerebral venous 

outflow.24,25 Recently, Zamboni Consensus 201126 suggested 

five echo color  Doppler (ECD) venous criteria that charac-

terize this syndrome as the following: 1) reflux constantly 

present in an outflow pathway; 2) reflux propagated upward 

to the deep cerebral veins (DCVs), including internal cerebral 

vein, basal vein, and Galen vein; 3) evidence of IJV stenosis; 

4) flow not Doppler-detectable in the IJVs and vertebral veins 

(VVs); and 5) negative difference in cross-sectional area 

(CSA) of the IJV, assessed in supine (0°) and standing (90°) 

posture, seen as change in the cross-sectional area (∆CSA) 

of the IJV.25 The presence of any two of the five criteria is 

sufficient for the diagnosis of CCSVI.

Methods
The aim of our study was to assess the size of the third 

ventricle in a sample of patients with multiple sclerosis 

(MS) affected by chronic cerebrospinal venous insufficiency 

(CCSVI) versus a healthy control group.

We enrolled 33 patients affected by MS (three in the 

primary progressive clinical course, 23 in the relapsing– 

remitting clinical course, and seven in the secondary– 

progressive clinical course). All patients had been affected 

by CCSVI and were tested using an Esaote Mylab 25 echo 

color Doppler (ECD) imaging unit (Esaote SpA, Genoa, 

Italy). The group of 33 affected by both MS and CCSVI 

(MS–CCSVI) was composed of 19 females and 14 males with 

a mean age of 40±10 years, from a minimum age of 20 to a 

maximum age of 66 years, with a median of 40 years and a 

mode of 32 years. We compared the 33 MS–CCSVI patients 

with 33 healthy control subjects of similar sex and age. The 

33 healthy control subject group had a mean age of 41.9 years 

and was composed of 36% males and 64% females. In the 

MS–CCSVI group, the MS clinical severity was expressed 

by expanded disability status scale (EDSS) score: light 

(19 patients, scoring 1, 2, or 3); medium (ten patients with a 

score of 4, 5, or 6), and severe (four patients with a score of 

7, 8, or 9). The average duration of the MS was 10±7 years 

(from a minimum of 1 to a maximum of 26 years, with a 

median of 10 years and a mode of 1 year).  Written informed 

consent was obtained from all subjects.

ECD assessment of cerebral  
venous hemodynamics
Our patients underwent a non-invasive study of cerebral 

venous return. A combined trans-cranial and extra-cranial 

ECD equipped with 2.5 and 7.5–10 Mhz probes provided 

valid measures of venous hemodynamic (VH) parameters, 

enabling an assessment of CCSVI cerebral venous drainage. 

ECD medical reports have been reported on a morpho-

logical hemodynamic map of the National Epidemiological 

 Observatory on CCSVI for the extraction of statistical data 

(Figure 1). The subjects were investigated in both supine and 

standing positions (0° and 90°, respectively) in consideration 
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Venous echo color Doppler
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Sonographer: Prof Sandro Mandolesi
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Figure 1 Morphological hemodynamic map (MEM) scheme representing pattern of ECD venous cerebrospinal drainage, CCSVI type, hemodynamic severity score, and 
patient data.
Abbreviations: CCSVI, chronic cerebrospinal venous insufficiency; CSA, cross-sectional area; ECD, echo color Doppler; SP, secondary–progressive; EDSS, expanded 
disability status scale; F, female; VHISS, venous hemodynamic insufficiency severity score; Dx, right; Sx, left.

of the postural effect on the main route of cerebral outflow. 

We focused on the detection of five anomalous VH patterns 

(described above) affecting cerebral venous draining flow 

according to the Zamboni Criteria of 2011 Consensus22–26 

as stated below.

Diencephalic floor: a depth of the initial 140–160 mm 

is essential, in order to arrive at the optimum contralateral 

sonorization and have a complete picture of brain structures. 

It is recommended that a dynamic range between 45–50 dB 

be used (Figure 2). The best sonorization of brain paren-

chyma by B mode examination with the least disturbance 

to artifacts we have is by transtemporal access, contralateral 

to the target side.

The subjects were investigated in supine position. The 

landmark is the image double track of the third ventricle 

with hyperechoic edges that is normally at about 50–60 mm 
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Figure 2 Representative third ventricle with typical image track.

Figure 3 representative third ventricle.
Note: The white dotted line is the diameter of the third ventricle.
Abbreviations: 3V, third ventricle; fh, frontal horn.

in the diencephalic plan (Figure 3). The third ventricle will 

be identified frontal to horns of the lateral ventricles and 

anterior to the pineal gland. This gland is the landmark for 

the correct sonorization of the vein of Galen which normally 

has a flow away from the probe.

The determination of the width of the third ventricle is 

easily traceable above the double track of ependyma. From 

the data available in the literature, it is considered the normal 

size of the third ventricledoes not exceed 4 mm.27

Statistical analysis
All data were analyzed by SPSS (Statistical Package for 

the Social Sciences, version 19, IBM Corporation, Chi-

cago, Illinois, USA) to enable a stratified data description 

for numeric parametric variables. Statistical significance 

between and within groups was calculated on continuous 

variables by analysis of  variance (ANOVA) to test the equal-

ity of means. The  chi-square (χ²) Yates-corrected test was 

used for non-continuous variables by Statcalc and Analysis 

programs available through Epi Info™ (US Centers for 

Disease Control, Atlanta, GA, USA). A P-value of ,0.05 

was considered significant, and 95% confidence intervals 

were also calculated.

Results
Of the 33 patients with MS enrolled in the study, 

29 patients (88%) showed an increase in the size of the 

third  ventricle (positive group), and four patients (12%) 

had normal size within 4 mm (negative group). All 

33 healthy control group subjects showed normal third 

ventricle size.

The mean size of the diameter of the third ventricle 

was 6.2±1.7 mm, from a minimum of 2.5 to a maximum of 

9.2 mm, with a median of 6.3 and a mode of 6.0 mm (Table 1). 

In the healthy subjects control group, the mean size of the 

diameter of the third ventricle was 3.4 mm.

Patients with less than 11 years  
of MS duration
Eighteen subjects (eight females and ten males) were 

enrolled in this study group. Sixteen of the 18 subjects were 

affected by CCSVI. The average age was 36 years ±9 years 

(from a minimum of 20 years to a maximum of 53 years, with 

a median of 34 years and a mode of 29 years). All subjects 

were suffering from MS (one subject was diagnosed with 

PPMS, 16 subjects were diagnosed with RRMS, and one 

subject was diagnosed with SPMS). Severity of the disease 

was expressed by EDSS scores of varying severity: low (13 

patients scoring 1, 2, or 3); medium (four patients scoring 

4, 5, or 6), and high (one patient with a score of 7, 8, or 9). 

The mean duration of the MS was 5 years ±3 years (from a 

minimum of 1 year to a maximum of 10 years, with a median 

of 5 years and a mode of 1 year). In this stratification, the 

average size of the diameter of the third ventricle was 6.2 

mm ±1.7 mm (from a minimum of 2.5 mm to a maximum of 

8.6 mm, with a median of 6.4 mm and a mode of 6.1 mm). 

Table 2 summarizes the findings in this group.

Patients with more than  
10 years of MS duration
Fifteen subjects (eleven females and four males) were studied 

in this stratification. Fourteen of the 15 subjects were affected 

with CCSVI. The mean age was 45 years ±9 years, from a 

minimum of 32 years to a maximum of 66 years, with a median 

of 45 years and a mode of 36 years. All subjects were suffering 

from MS (two MSPP subjects, six MSRR subjects, and seven 

MMSP subjects). The severity of the disease was expressed by 
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Table 1 comparisons of average diameters of third ventricles within eDss score groupings

EDSS 
score

Patients 
(n)

Third ventricle diameter 
(mean value ± standard 
deviation)

Diameter 
(minimum)

Diameter 
(maximum)

Diameter 
(median)

Diameter 
(mode)

1, 2, or 3 19 5.9±1.7 2.5 8.9 6.1 6.0
4, 5, or 6 10 6.3±2.0 2.7 9.2 6.3 2.7
7, 8, or 9 4 7.1±0.8 6.4 8.3 6.9 6.4

Note: Diameter values are expressed in millimeters.
Abbreviation: EDSS, expanded disability status scale.

Table 2 Patients with Ms duration of less than 11 years: comparisons of average diameters of third ventricles within groupings of EDSS 
scores (P=0.0261)

EDSS 
score

Patients 
(n)

Third ventricle diameter 
(mean value ± standard 
deviation)

Diameter 
(minimum)

Diameter 
(maximum)

Diameter 
(median)

Diameter 
(mode)

1, 2, or 3 13 5.6±1.7 2.5 7.6 6.1 6.1
4, 5, or 6 4 7.6±0.9 6.5 8.9 7.7 6.5
7, 8, or 9 1 8.3±0.0 8.3 8.3 8.3 8.3

Note: Diameter values   are expressed in millimeters.
Abbreviation: EDSS, expanded disability status scale; MS, multiple sclerosis.

EDSS scores of varying severity: low (six patients scoring 1, 2, 

or 3), medium (six patients with scores of 4, 5, or 6), and high 

(three patients with scores of 7, 8, or 9). The average duration 

of MS was 17 years ±5 years (from a minimum of 11 years 

to a maximum of 26 years, a median of 19 years, and a mode 

of 19 years). In this group, the average diameter of the third 

ventricle was 6.1 mm ±1.8 mm (from a minimum of 2.7 mm 

to a maximum of 9.2 mm, with a median of 6.0 mm and a 

mode of 2.7 mm). Table 3 compares average diameters of third 

ventricles of patients with more than 10 years of MS duration, 

within the groupings of their EDSS scores.

Discussion
When compared with MRI, the most relevant limitation of 

transcranial sonography (TCS) to assess brain atrophy is its 

poor ability to examine cortical structures. Other limitations 

of TCS (such as the ultrasound penetration of the temporal 

skull) are less relevant, because most patients with MS belong 

to an age group with usually good penetration conditions. We 

believe that the increase in size of the third ventricle could be 

linked to the pathophysiology of MS. Either the presence of 

anomalies in the venous valves, in the internal jugular veins,  

or their flow reflux, can  lead to a stasis of blood drainage 

and effects on cerebrospinal fluid.

We hypothesize that the blood drainage stasis leads 

to an increase of cerebrospinal fluid in the brain, with 

evident dilation of the third ventricle. The mean values   

of diameters in patients with less than 11 years of MS 

duration stratified by EDSS score are interesting. In fact, 

a previous study showed a direct correlation between dis-

ease duration and EDSS scores.28 Our findings also illus-

trate (sample permitting) direct proportionality between 

the mean diameter of the third ventricle and EDSS score 

in patients with disease duration of less than 10 years. 

Our results are in agreement with Walter et al31 for an 

MS patient cohort similar to ours, and with Berg et al,29 

who investigated a cohort of patients with severe MS of 

longer disease duration. Our findings are also in agree-

ment with Müller et al,30 who found that the width of the 

third ventricle in 54 patients with MS was significantly 

related to EDSS (Spearman r=0.446, P,0.005) and to MS 

duration (r=0.319, P,0.005) but not to age. Our findings 

are also in agreement with a related study of the general 

population.23 We believe, in light of the data collected, that 

further study of the third ventricle in patients with CCSVI 

is needed. Our results show that the increase in the third 

ventricle diameter could represent a criterion of positivity 

of neurologic diseases in patients with CCSVI.
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Table 3 Patients with Ms duration of more than 10 years: comparisons of average diameters of third ventricles within groupings of 
eDss scores

EDSS 
score

Patients 
(n)

Third ventricle diameter 
(mean value ± standard 
deviation)

Diameter 
(minimum)

Diameter 
(maximum)

Diameter 
(median)

Diameter 
(mode)

1, 2, or 3 6 6.4±2.0 3.6 8.9 5.8 3.6
4, 5, or 6 6 5.5±2.2 2.7 9.2 5.2 2.7
7, 8, or 9 3 6.7±0.3 6.4 7.1 6.7 6.4

Note: Diameter values are expressed in millimeters.
Abbreviation: EDSS, expanded disability status scale; MS, multiple sclerosis.

Disclosure
The authors report no conflicts of interest in this work.
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