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Summary
We sought to determine the effect of hydration on the
criteria for chronic cerebrospinal venous insufficiency
(CCSVI), a proposed hypothesis for the etiology of mul-
tiple sclerosis (MS). Sixteen subjects (11MS and 5 con-
trols) were asked to fast overnight. The following
morning, 2 CCSVI ultrasound examinations were per-
formed: 1 in the mildly dehydrated state, and another
30–45 minutes after rehydrating with 1.5 L of Gator-
ade. Seven subjects fulfilled CCSVI criteria in the dehy-
drated state. Of these, 5 (71%) no longer fulfilled
CCSVI criteria after rehydration. One additional subject
met CCSVI criteria only after rehydration. Hydration
status has a substantial effect on CCSVI criteria, sug-
gesting that the sonographic findings of CCSVI may
represent a physiologic rather than pathologic state.

T
he chronic cerebrospinal venous insuffi-
ciency (CCSVI) hypothesis posits that ab-
normalities in the extracranial venous outflow contribute to the pathogenesis of
multiple sclerosis (MS),1,2 although results from different groups vary widely.3–5
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A key method used for assessment of CCSVI involves ultrasound of the internal jugular veins
(IJVs), vertebral veins (VVs), and deep cerebral veins (DCVs); catheter venography is not as
widely used in CCSVI assessments due to its invasive technique.6 Two or more of 5 sub-
criteria must be met to fulfill the criteria for CCSVI: 1) reflux in IJVs or VVs, 2) reflux in the
DCVs, 3) stenosis of IJV, 4) no flow detected in IJVs or VVs, and 5) reverted postural flow.1

To date, no studies have investigated the relation between volume status and CCSVI. There
is anecdotal evidence, both from patients and from experience of clinicians, that people with
MS tend to be more dehydrated than the general population. Drinking less fluid can help
patients self-manage neurogenic bladder symptoms. By measuring urine osmolality, one study
demonstrated that 42% of subjects with MS were not adequately hydrated.7 Our goal was to
evaluate the effect of hydration status on CCSVI ultrasound results.

METHODS

Standard protocol approvals, registrations, and patient consents
The study was reviewed and approved by the Cleveland Clinic Institutional Review Board. All
participants provided written informed consent to participate.

Patients
Sixteen subjects (11 subjects with MS and 5 healthy controls) were recruited from an ongoing
CCSVI study. Participants were required to have met 0–4 CCSVI subcriteria1 on their pre-
vious CCSVI ultrasound.

Study design
CCSVI ultrasound assessment1 was performed by a single trained sonographer and over-read
by a vascular ultrasound physician familiar with CCSVI assessment, both of whom were
blinded to disease status and number of CCSVI subcriteria previously met during the separate
CCSVI study from which patients were recruited.

CCSVI subcriteria 1, 3, 4, and 5 were assessed. DCV reflux was not assessed in this hydra-
tion study since transcranial Doppler examination in the main study has been consistently neg-
ative for reflux. After a 12-hour fast, including abstention from fluids, a baseline “dehydrated”
CCSVI ultrasound was performed. Patients were then asked to drink 1.5 L of Gatorade over
30–45 minutes, and a second “rehydrated” ultrasound was subsequently performed. Inferior
vena cava (IVC) cross-sectional area (CSA) was measured during both studies, and change in
IVC CSA was used as a quantitative marker for change in hydration status.

Data analysis
Changes in subcriteria 1, 3, 4, and 5 between the dehydrated and rehydrated states were
recorded. The maximal change in CSA was recorded, regardless of whether it occurred in
the right or left IJV. Two-tailed paired t tests were used to compare changes between the
2 hydration states. Because of the small sample size, outlier values were not used in the
statistical calculations.

RESULTS
Sixteen subjects were recruited: 11 subjects with MS (9 relapsing-remitting MS, 2 primary pro-
gressive MS) and 5 healthy controls. Overall, there were 5 men and 11 women, with an average
age of 54.9 years.

There is anecdotal evidence . that people with
MS tend to be more dehydrated than the
general population.
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Seven subjects fulfilled the CCSVI criteria in the dehydrated state. Of these, 5 (71%) no
longer fulfilled CCSVI criteria after rehydration (table 1). One additional subject met CCSVI
criteria only after rehydration. The most common change in criteria was losing the stenosis
subcriterion, followed by a change in reflux time. Rehydration decreased reflux time in 8
subjects and increased it in 7; the average change in reflux over all subjects was not significant
(table 2). One subject had reverted postural control that normalized with hydration, whereas
another had reverted postural control induced by hydration. In 3 subjects, flow became
detectable in one vertebral vein in the supine position with rehydration. In 2 of these
subjects, there was no detectable flow in one vertebral vein in the upright position despite
rehydration, thus not changing subcriterion 4. After rehydration, IVC CSA increased on
average by 14% (p 5 5.6 3 1026) and IJV CSA increased on average by 32% (p 5 0.0018)
(table 2).

DISCUSSION
Studies of CCSVI have yielded conflicting results,3–5 although a meta-analysis of 8 studies
suggested a correlation between CCSVI and MS.5 Because the venous system is a low pressure

Table 1 Individual CCSVI classification of the 16 subjects in the 2 hydration states

Dehydrated Rehydrated
Pre/Post total
number of
subcriteria met

Description of individual
subcriteria that changed

Subject
no.

Individual
subcriterion met

CCSVI
criteria met

Individual
subcriterion met

CCSVI
criteria met

1 1, 3 Yes 1 No 2/1 Lost stenosis

2 1 No 1 No 1/1

3 1, 3 Yes 1 No 2/1 Lost stenosis

4 None No None No 0/0

5 3, 4 Yes 3, 4 Yes 2/2

6 3 No 1, 3, 5 Yes 1/3 Gained reflux and reversed
control

7 3, 4, 5 Yes 4 No 3/1 Lost stenosis and reversed
control

8 1 No None No 1/0 Lost reflux

9 None No None No 0/0

10 1, 3 Yes None No 2/0 Lost stenosis and reflux

11 3 No 3 No 1/1

12 3, 4 Yes 1, 3, 4 Yes 2/3 Gained reflux

13 1, 4 Yes None No 2/0 Lost reflux; VV seen w/hydration

14 None No None No 0/0

15 None No None No 0/0

16 3 No 3 No 1/1

Total yes 7 3

Abbreviations: CCSVI 5 chronic cerebrospinal venous insufficiency; VV 5 vertebral vein.
The table lists each subcriterion that was met in the dehydrated and rehydrated states, with $2 subcriteria meeting overall CCSVI
criteria. The “Pre/Post” column displays the change in the number of CCSVI subcriteria met in going from the dehydrated to the
rehydrated state. The 5 CCSVI subcriteria are as follows: 1) reflux in the internal jugular veins (IJVs) or VVs longer than 0.88 s; 2)
reflux in the deep cerebral veins; 3) stenosis of IJVs, as defined by cross-sectional area #0.3 cm2; 4) no flow detected in IJVs or VVs;
and 5) reversed postural flow.1 Subcriterion 2 was not assessed. No significant reflux was ever observed in the VVs.
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and high compliance system, it is particularly affected by hydration status, and so we hy-
pothesized that hydration may play a substantial role in CCSVI ultrasound assessments. We
found that 71% of subjects who met CCSVI criteria while dehydrated no longer met CCSVI
criteria after rehydration. Since patients with MS often prefer to drink less fluid because of
bladder dysfunction, our results suggest that at least some of the differences between patients
with MS and controls without MS in previous CCSVI studies may be explained by differ-
ential hydration between patients with MS and controls without MS. We could not draw
definite conclusions from our sample size about the effect of hydration on CCSVI within MS
subgroups. To our knowledge, no other study has investigated the effect of hydration on MS
subgroups or on CCSVI.

Our observations suggest that the sonographic findings of CCSVI may not represent a patho-
logic state but instead may represent a physiologic state in which hydration status plays a substan-
tial role. When interpreting CCSVI ultrasound findings, care must be taken to recognize the
potential effect from patient hydration status.

Table 2 Change in CCSVI parameters with hydration, as measured by ultrasound

Subject
no.

CSA:
Dehydrated

CSA:
Hydrated

% CSA
D

Reflux:
Dehydrated

Reflux:
Hydrated

% Reflux
D

% IVC
CSA D

1 0.38 0.39 3 1,125 1,300 16 84a

2 0.61 1.38 126 1,080 900 217 16

3 0.21 0.88 319a 1,080 1,296 20 7

4 2.22 2.43 9 600 539 210 22

5 0.70 0.86 23 351 364 4 2

6 1.33 1.44 8 560 1,066 90 33

7 0.29 0.36 24 820 701 215 30

8 0.93 1.26 35 1,198 656 245 16

9 1.79 1.91 7 830 842 1 14

10 0.48 0.83 73 938 700 225 13

11 1.08 1.44 33 0 0 0 16

12 0.10 0.13 30 300 1,883 529a 14

13 0.75 1.11 48 891 737 217 13

14 0.44 0.51 16 831 762 28 4

15 0.63 0.58 28 0 539 N/A 10

16 0.34 0.51 50 364 195 246 2

Average 32 24 14

(p value) (0.0018) (0.9492) (5.6E–06)

Abbreviations: CCSVI 5 chronic cerebrospinal venous insufficiency; CSA 5 cross-sectional area; N/A 5 not applicable.
Values are shown for internal jugular vein (IJV) CSA, IJV reflux time, and inferior vena cava CSA in the dehydrated and hydrated
states. Areas were measured in centimeters and reflux in milliseconds.
aOutliers and thus not included in the statistical calculations.

We found that 71% of subjects who met
CCSVI criteria while dehydrated no longer met
CCSVI criteria after rehydration.
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