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Chronic fatigue syndrome (CFS) and multiple sclerosis (MS) share similarities regarding their epidemiology,
symptomatology and craniospinal physiology. Indeed, the cardinal feature of CFS, fatigue, is also a major factor
in the symptomatology of the majority of MS patients. Recently, we have found that there is a significant
reduction in the craniospinal compliance in MS which affects both the stiffness of the walls of the spinal canal
and the walls of the cerebral venous system. This change in compliance brings about an alteration in the
effectiveness of the pulse wave dampening in the craniospinal system. The result is an impedance mismatch
between the cortical veins and their draining sinuses, leading to dilatation of these upstream veins. We deduce
this dilatation can only be brought about by an increase in the pressure gradient between the vein lumen and the
subarachnoid space (i.e. the transmural pressure gradient). We hypothesise that given the similarities between
MS and CFS, a similar mechanism underlies the physiology of CFS. We present two case studies to highlight the
expected findings in CFS patients if this hypothesis were proven to be correct.

Introduction

Chronic fatigue syndrome (CFS), also known as myalgic encephalo-
myelitis (ME), is a complex disease characterized by a cluster of symp-
toms including fatigue, malaise, headaches, sleep disturbances,
difficulties in concentration, impaired cognitive function and muscle
pain [1]. There is no known overarching underlying physiology, blood
test or imaging biomarker, so diagnosis rests with clinical criteria. The
Canada Consensus Criteria for the diagnosis of CFS/ME lists severe fa-
tigue, post-exertional malaise, pain and neurological and immunological
dysfunction as the major criteria for classification [2]. The overall
incidence has been estimated to be up to 1.6 % of the general population
[3]. Multiple sclerosis (MS) is thought to be an autoimmune mediated
disruption of the cerebral and spinal white matter [4]. There are several
epidemiological similarities between CFS and MS. In CFS the female to
male incidence ratio is 3.2:1, with the peak incidence being at 30-39
years [5]. In MS, the ratio of females to males is 3:1 [6] and the mean age

at diagnosis is approximately 30 years [7]. The World Health Organi-
sation lists ME/CFS as a post viral neurological disease [8]. In patients
with a strong history of a post viral onset of their CFS, one group using
antibody responses to two Epstein-Barr virus (EBV) antigens, found an
estimated sensitivity of 83 % and specificity of 72 % of the antigen
positivity for the diagnosis of CFS [9]. Similarly, longitudinal analysis of
a large number of military recruits showed a 32 fold increase in the
prevalence of MS after EBV infection [10]. The similarities extend past
the epidemiology into the symptomatology. Patients with ME/CFS and
MS both experience severe fatigue, with a worsening of the symptoms
with exercise [11]. Fatigue in MS has a prevalence of up to 81 %, being
more frequent in the progressive forms of disease [12]. With regards to
disease progress, both disorders have either a relapsing-remitting or
progressive course, with infections worsening the fatigue symptoms
[11]. They both have autonomic symptoms, reduced cardiac response to
exercise, orthostatic intolerance and postural hypotension [11]. With
regards to physiology, little is known with regards to CFS. However,
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both diseases show decreased cerebral blood flow, atrophy, white matter
hyperintensities and increased cerebral lactate [11]. In two studies, a
very mild increase in CSF opening pressure was found in CFS approxi-
mating 14.5 mmHg [13,14]. This compares to a large study in which the
normal CSF pressure at middle age averaged 11.5 mmHg. Similarly, in
32 MS patients the ICP was found to be slightly increased, being
approximately 13 mmHg [15]. Rather interestingly, one study suggested
Ehlers-Danlos syndrome (a connective tissue disorder) occurred in up to
20 % of CFS cases [16]. In a another study, the prevalence of MS was
found to be 10 fold greater in Ehlers-Danlos syndrome patients than in
the general population [17].

Recently, we have found the cross-sectional area of the superior
sagittal sinus (SSS) to be larger in MS than in controls [18]. This
enlargement correlates with disease severity and progression [18].
Modelling indicated the sinuses in MS could be enlarged due to a
decrease in the pressure difference between the lumen and the sub-
arachnoid space, an increase in wall thickness or increased wall stiffness
[18]. However, only the last two possibilities were feasible [18]. An
increase in sinus wall stiffness or thickness would render the cranio-
spinal compartment less compliant than normal. Further study has
shown that in MS, the superficial territory cortical veins are 29 % larger
and the veins of Galen are 25 % larger than in the controls [19].
Modelling of these findings indicated that to bring this dilatation about,
a significant increase in the bridging vein transmural pressure would be
required, estimated to be approximately 6.5 mmHg [19]. Finally, MS
patients with significant fatigue have larger cortical veins than those
who are not significantly fatigued [19]. These findings lead us to suggest
a hypothesis for the underlying physiology of CFS.
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Given the above, the hypothesis tendered is 1) that a reduction in the
overall craniospinal compliance in CFS could be related to a stiffening/
thickening of the walls of the venous sinuses, leading to dilatation of the
sinuses in the majority of cases. This could serve as an imaging marker of
the disease and 2) an alteration in the impedance matching at the
junction between the bridging cortical veins and the venous sinuses
would increase the cortical vein pressure, leading to vein dilatation and
an alteration in brain metabolism and the symptoms of the disease.

Illustrating cases

Given the above hypothesis we wish to discuss two case studies of
CFS patients to highlight the imaging findings to be elaborated further.

Case 1 is a 48 year old male who initially complained of a viral throat
infection and was noted to be positive for EBV serology. Over the course
of 22 months, he developed chronic fatigue and neurocognitive decline
with “difficulty thinking and remembering”. He complained of feelings
of heaviness and numbness in his limbs with generalised myalgia
especially in the neck region. He suffered headaches, dysesthesia and
insomnia. He complained of difficulty walking with exercise induced
malaise. His symptoms were made worse by inter-current viral in-
fections. An MRI examination with contrast showed no structural brain
abnormality. A T1 weighted post contrast 3D MPRAGE series with TR
2400 ms, TE 3.54 ms, Flip angle 8°, Slice thickness 1.2 mm, FoV 240 mm
and a 256 matrix was performed. Reconstructions of the 3D post contrast
imaging through the venous system showed prominent venous sinuses
(see Fig. 1A). A cross-sectional image of the superior sagittal sinus 3 cm

Fig. 1. A 48 years old male with CFS showing vein dilatation. (A) A sagittal reconstruction of the 3DT1 data showing the site of sagittal sinus measurement (long
black line), the straight sinus measurement (short black line) and vein of Galen measurement (white line). B). a reconstruction showing the SSS is dilated measuring
67.5 mm?. C). a reconstruction showing the straight sinus is dilated measuring 28.3 mm?. D). a reconstruction showing the vein of Galen is also dilated measuring

25.0 mm?.
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above the torcular measured 67.6 mm? (see Fig. 1B). The straight sinus
measured 28.3 mm? (see Fig. 1C) and the vein of Galen measured 25
mm? (see Fig. 1D). The largest two cortical veins draining into the SSS on
each side were measured 1 cm from their junction with the sinus and the
average of the four was calculated to be 12 mm?. There was no venous
outflow stenosis.

Case 2 is a 20 years old female who also initially developed tonsil-
litis. In the following 18 months she developed malaise and fatigue made
worse by exercise. She complained of chronic headaches and photo-
sensitivity. She suffered from insomnia with pain in the neck muscles
and lower limb weakness and limb twitching. An MRI with contrast
showed no structural abnormality. A T1 weighted post contrast 3D
MPRAGE series with TR 2400 ms, TE 3.54 ms, Flip angle 8°, Slice
thickness 1.2 mm, FoV 240 mm and a 256 matrix was performed.
Reconstructed images of her cerebral veins showed no outflow stenosis
(see Fig. 2A-B). Her sagittal sinus measured 62.3 mm?, straight sinus
22.3 mm? and her vein of Galen measured 41 mm?2. A curved recon-
struction along the SSS showed prominent cortical veins with no focal
stenosis at their junction with the sagittal sinus (see Fig. 2C). The two
largest cortical veins were measured on each side yielding areas of 21.5
mmz, 12.3 mmz, 14.3 mm? and 7.7 mm? (see Fig. 2D-G) the average
being 14 mm?.

Previously we have measured these veins using an identical tech-
nique in several studies. In 50 controls of average age 44.9 + 10.9 years,
the cross-sectional area of the SSS 3 cm above the torcular from post
contrast 3DT1 images averaged 44.9 + 10.9 mm? and the mid portion of
the straight sinus averaged 15.7 + 5.4 mm? [18]. The bridging vein
between the deep venous system of the brain and the straight sinus is the
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vein of Galen. It was found to average 21.9 + 4.2 mm? [19]. The average
of the four largest cortical veins draining into the SSS for the controls
averaged 5.8 + 1.8 mm? [19]. It can be seen that in case 1 the SSS,
straight sinus and cortical vein average are greater than two standard
deviations above the mean size for the controls. Similarly in case 2 the
vein of Galen and the average of the cortical veins are greater than two
standard deviations above the mean size for the controls. These findings
would suggest significantly dilated veins.

Discussion

Thus, the illustrative cases indicate there are at least some patents
with CFS who have sinus and bridging cortical vein dilatation. Obvi-
ously, a larger cases series is required to improve the statistical power.
We have suggested that the enlargement of the sinuses could render the
craniospinal cavity less compliant. The compliance of a structure is a
measure of the change in pressure brought about by a change in volume.
[20]. The craniospinal cavity is filled by incompliant CSF and the
available compliance is provided by the walls of the container i.e. the
dura within the spinal canal and the walls of the veins [20]. The
compliance of the craniospinal system allows for changes in volume
from, for example the arterial pulsation, to be accommodated by
expelling CSF into the spinal canal and compressing the terminal por-
tions of the bridging cortical veins in the subarachnoid space to expel
blood into the sinuses. This mechanism provides pulse pressure damp-
ening and is known as the windkessel effect [21]. In MS there is evidence
of reduced spinal canal compliance. Fjeldstat et al. [22] found patients
with MS have lower central arterial compliance than healthy controls,

Fig. 2. A 20 years old female with CFS showing cortical vein dilatation. A). An anteroposterior surface rendered reconstruction of the venous system showing no
evidence of outflow obstruction. B). the venous system viewed from above confirms no obstruction. C). a curved reconstruction of the SSS showing the site of cortical
vein measurement. D-G) reconstructions of the four cortical veins with areas of 21.5, 12.3, 14.3 and 7.7 mm? giving an average of 14 mm? which is dilated compared

to controls.
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which preferentially affects the CNS vessels. This leads to higher intra-
cranial pulse pressures and an increase in the arterial pulsation volume
in systole of 26 % [23]. Despite the increased volume to be dissipated,
there is a 24 % reduction in CSF leaving the foramen magnum in MS
[24], which would equate to a 40 % reduction in the apparent spinal
canal compliance [25]. The systemic arterial tree is also significantly
stiffer in CFS than normal [26] suggesting an increase in pulse pressure
could also occur in the cranial cavity similar to MS. Is there evidence of
reduced spinal canal compliance in CFS? In one study 80 % of CFS pa-
tients had craniocervical obstructions secondary to osteophytic bars and
disc pathology [16]. Obstructing the movement of CSF in this way will
reduce the available compliance of the cranial cavity. Three patients
with cervical spondylosis and CFS showed a significant improvement in
symptoms following surgery to relieve the stenosis [27]. Relieving the
stenosis would significantly improve cranial and spinal CSF flow and
compliance. In another study in patients with Chiari 1 malformation, 14
% had chronic fatigue syndrome and 14 % fibromyalgia [28]. The
descent of the tonsils in this disorder would reduce craniospinal CSF
flow and compliance. Interestingly, MS patients have a higher incidence
of cervical spondylosis and develop it at a younger age [29] and there is
a higher incidence of MS plaques at the site of spinal canal stenosis than
at other levels [30], suggesting another similarity between MS and CFS.

In MS the reduced compliance is also seen as a reduction in the
bridging cortical vein dynamic compression. As already discussed,
cortical vein compression and the expelling of venous blood into the
sinuses in systole is the second part of the windkessel mechanism. A
comparison between the changes in the arterial volume over the cardiac
cycle compared to the change in the SSS volume (there was an increase
in arterial stroke volume of 26 % but a decrease in SSS stroke volume of
31 %) indicated there was a 50 % reduction in the apparent compliance
of the venous system [23]. Intracranial compliance has not been studied
extensively in CFS but patients with more severe orthostatic intolerance,
showed lower intracranial compliance [31].

Sagittal and straight sinus dilatation

As already discussed, the sinuses are dilated in MS and the illustra-
tive cases indicate the same may be occurring in at least some patients
with CFS. The sagittal sinus walls can move and sit between the CSF and
venous blood. Modelling using standard engineering equations has
indicated that the walls will bow inward due to the pressure of the CSF
being 4 mmHg higher than the venous pressure [18]. The amount of this
bowing is dependent on the size of the transmural pressure gradient, the
thickness of the sinus wall and its intrinsic stiffness [18]. Our modelling
in MS showed that the venous transmural pressure was likely to be
normal in the majority of MS patients, indicating the walls had to be
stiffer and or slightly thicker than normal [18]. In CFS the same three
possibilities will also apply if the veins are larger. Higgins et al. have
hypothesised that there is a reversal of the transmural pressure gradient
in CFS on the basis of a similarity of the disorder to idiopathic intra-
cranial hypertension [32]. Higgins et al. suggest the sinus pressures are
elevated but the CSF pressure is moderated by a chronic leakage of CSF
[32]. A pressure gradient reversal would also dilate the sinuses, similar
to our suggestion that they are stiffer than normal. However, there are
some difficulties with the pressure reversal scenario. As already noted,
the CSF pressure is elevated by 3 mmHg above normal in CFS, so to
reverse the normal transmural pressure would require the venous
pressure to rise by at least 7 mmHg above normal to dilate the sinuses.
Neither of our illustrative cases had a transverse or sigmoid sinus ste-
nosis to account for this (see Fig. 2A, B). Secondly, CSF removal in CFS
patients has been shown to improve symptoms in 70 % of patients in one
study and 85 % in another [14,33]. Improvement occurred even in those
who had a normal CSF pressure and had their pressure reduced to below
normal. How could a reduction in CSF pressure due to a CSF leak be
pathological on the one hand and CSF removal at lumbar puncture be
therapeutic on the other? Intracranial compliance is governed by the
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pressure volume curve, which is exponential in the intracranial cavity
[20]. Thus, the compliance of the system is low with higher CSF pres-
sures and the intracranial compliance increases as CSF pressure is low-
ered. Thus, if the intrinsic compliance was very low in CFS, reducing the
CSF pressure to below normal could have a therapeutic effect by
improving the cranial compliance. Thus, excluding a reversal of the
sinus transmural pressure gradient, the only other possibility is thicker
or stiffer sinus walls. There is ongoing inflammation in CFS with an
elevated C reactive protein [26]. Adams et al. suggested MS was pri-
marily a venous vasculitis [34]. Could long term inflammation of the
sinus walls, possibly related to EBV, lead to the compliance changes
noted in both diseases?

Bridging vein dilatation

We have suggested that there is a link between a reduction in the
intracranial compliance and bridging vein dilatation and pressurisation.
As already discussed, an elevation in CSF pressure will take the cranial
cavity to a less compliant portion of the pressure volume curve. In an
animal modelling study using pigs, a 10 mmHg increase in ICP dilated
the cortical veins by 33 % in area and a 20 % increase in ICP dilated the
veins by 57 % [35]. Dilatation is dependent on the transmural pressure
(the wall thickness and stiffness would not change this quickly) so the
venous pressure must have been rising faster than the ICP to accomplish
the dilatation. A reduction in intracranial compliance is found in
communicating hydrocephalus [36]. In a dog model of naturally
occurring hydrocephalus, the ICP was increased by 48 % but the cortical
vein transmural pressure was increased by 327 % compared to controls
[371, indicating the pressurisation is also apparent in low compliance
states without a grossly elevated ICP. In human subjects, the bridging
veins show a mean diameter of 2.04 mm under normal intracranial
pressure and increase to 2.65 mm under an increased ICP [38], a 69 %
increase in cross-sectional area. Finally, in children with hydrocephalus,
the superficial territory cortical veins were 22 % larger than the con-
trols, with modelling suggesting a significant increase in the superficial
vein transmural pressure in childhood hydrocephalus estimated to be
approximately 4 mmHg [39]. Our most recent work has shown there is
no correlation between the cortical vein size and the vein of Galen size in
control subjects with respect to age or gender. In MS, the bridging vein
dilatation suggested an increase in the transmural pressure estimated to
be approximately 6.5 mmHg in the superficial cortical veins overall and
those with significant fatigue had greater dilatation in the territory
draining the cortical grey matter than those without fatigue [19]. We
have previously suggested an impedance mismatch alters the blood flow
through the terminal cortical vein segments increasing their pressure
with either loss or reversal of the hydraulic engineering effect known as
impedance pumping [39]. It is likely that the cortical vein pressure feeds
back into the parenchymal venules. In a study comparing the hemody-
namics of clinically isolated syndrome (CIS) (the earliest form of MS)
and controls, there was a 71 % increase in the cerebral blood volume in
the average normal appearing white matter and a 59 % increase in this
metric in the deep grey matter in CIS [40]. One could suggest the venules
in MS are just passively enlarged due to atrophy. However, transcranial
photoplethysmography following neck compression showed a signifi-
cant increase in frontal cerebral blood volume in controls but a blunted
response in MS. There was no difference between the responses in
clinically isolated syndrome vs relapsing remitting patients. The authors
suggested the findings indicate the microcirculation appears already
congested with less ability for the vessels to dilate [41]. Thus, we pro-
pose that an overall reduction in craniospinal compliance leads to an
alteration in pulsation propagation at the level of the bridging cortical
veins leading to alterations in pulsatile pumping and increased venous
pressure. We hypothesise that increased venous pressure leads to the
symptoms found in CFS.
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Effect of elevated venous pressure on the brain

A mouse model of raised venous pressure showed disruption of the
blood brain barrier and activation of neuro-inflammatory related gene
expression [42]. MR diffusion tensor imaging in CFS showed widespread
white matter structural damage [43] suggesting white matter damage is
likely in both MS and CFS. A young man with cognitive fatigue and brain
fog who had an elevated cerebral venous pressure from a high grade
neck vein stenosis found his symptoms resolved with surgery [44]. These
findings suggest that there may be an underlying correlation between
the increased cortical vein pressure hypothesised and the symptoms CFS
patents complain of. Indeed, idiopathic intracranial hypertension,
(which is known to result from an elevation in venous pressure) and CFS
have several clinical findings in common, such as fatigue, widespread
pain, paraesthesia, headaches, cognitive dysfunction and brain fog [13].
One CFS patient with borderline elevated ICP underwent venous stent-
ing with improved headache, fatigue, concentration and muscle pain
[45]. There is also anecdotal evidence that there may be some
improvement in CFS symptoms in those who have had compliance
increased from a posterior fossa decompression for concomitant Chiari 1
malformation but there are no published data [46,47].

Implications

Currently there is no imaging marker for CFS. If the hypothesis if
correct, firstly it would allow imaging confirmation of the diagnosis.
Secondly, the intracranial compliance could be increased and the
intracranial pulse pressure reduced by laminectomy plus duroplasty in a
way similar to Chiari posterior fossa decompression. This may provide a
therapeutic strategy in some patients.

Conclusions

There is a significant component of fatigue noted in patients with
multiple sclerosis. Fatigue in MS has recently been shown to be associ-
ated with dilatation of the cortical veins and vein of Galen suggesting
increased venous pressure. Similarities between MS and CFS suggest a
similar pathophysiology may be operating in CFS but without the
autoimmune overlay found in MS.
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