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ABSTRACT. MRI has previously provided conflicting results when used to search for
brain abnormalities in sufferers of chronic fatigue syndrome (CFS). Eighteen CFS
patients and nine healthy volunteers each underwent MRI on two occasions, one year
apart. The resulting images were examined for abnormalities in brain atrophy, deep
white matter hyperintensities (WMH) and cerebral blood and cerebrospinal fluid (CSF)
flow. Mean proportionate CSF volume was not significantly different between subject
groups. All participants showed a slight increase in CSF between scans, but no
significant difference was found between those with CFS and those without. Between-
group comparisons of ventricular volume revealed no significant differences at study
commencement and no significant change over the year. No significant inter-group
differences were found for any of the cerebral blood and CSF flow parameters. Low
levels of WMH were found in all participants. Objective scoring of WMH using
Scheltens’ scale revealed no change in summary components (prosencephalic deep
white matter hyperintensities, basal ganglia hyperintensities and infratentorial
hyperintensities) or in individual component variables between the baseline and 1 year
follow-up scans. No abnormal patterns in rate and extent of brain atrophy, ventricle
volume, white matter lesions, cerebral blood flow or aqueductal CSF flow were
detected in the CFS population. These results throw open the debate into whether MRI
scanning can reveal diagnostic signs of CFS and clinically questions the diagnoses of CFS
made on the basis of previous research conclusions.
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Chronic fatigue syndrome (CFS) is a symptom-based
illness that lacks definitive biological markers. No precise
underlying causes have been identified but extensive
studies which have identified a variety of predisposing or
initiating factors, which include infectious agents, genetic
susceptibilities, immune system abnormalities and psy-
chiatric disorders. Many of the typical symptoms, such as
impaired short-term memory and concentration, head-
aches and altered sleep patterns, have led researchers to
look for abnormalities within the central nervous system
(CNS). Previous studies using cerebral MRI have led to
conflicting reports. Abnormalities described by some
researchers include a significant increase in small white
matter hyperintensities (WMH) in the frontal lobes (seen
on T2 weighted images) [1] and increased ventricular
volume [2], but other researchers have failed to find
significant differences in WMH between CFS patients and
control subjects [3, 4]. Studies of cerebral blood flow using
single photon computed tomography (SPECT) have also
produced contradictory results, with an increase in CNS
perfusion abnormalities in CFS patients reported in some
studies [5, 6] but other studies failing to identify
significant differences [7]. The conflicting results may be
due to variations in patient selection and study design.

We report the first longitudinal study of cerebral MRI
in patients selected using rigorous criteria for CFS. The
study was undertaken as part of a larger study
examining the effectiveness of an osteopathic treatment
for CFS. The component of the study reported here was
designed to detect differences in the extent or progres-
sion of cerebral atrophy, WMH, total cerebral blood flow
and CSF pulsatility between CFS patients and normal
controls over a period of one year.

Methods and materials

Participant recruitment

Eighteen patients with CFS and nine normal control
subjects were recruited into the study. All of the CFS
patients fulfilled the case definition criteria (CDC) [8] and
also underwent a psychiatric assessment using the
Hospital Anxiety and Depression Scale (HADS) system
[9] and the more precise Schedule for Clinical Assessment
in Neuropsychiatry (SCAN) [10] questionnaire to ensure
the exclusion of subjects with depressive or anxiety states.
The CFS patients were divided into two groups: the first
group [CFS1, five men and four women: age range 20–53
years; mean age 35.3¡12.6 (SD)] received only an
osteopathic treatment [11] for one year, whereas patients
in the other group (CFS2; five men and four women: age
range 22–55 years; mean age 36.1¡12.3 years) were
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allowed to pursue treatment regimes of their own choice,
excluding osteopathic treatment. None of the CFS patients
was considered to be from the extreme end of the
symptomatic spectrum (i.e. bedridden or with intense
sensitivity to any external stimuli). The control group
(NORM, 5 men and 4 women: age range 22–53 years;
mean age 36.1¡12.4 years) were normal volunteers in
good general health and with no history of significant
neurological abnormality.

Imaging

MRI was performed using a 1.5 tesla whole-body
scanner (ACS-NT PT 6000, Phillips Medical Systems,
Best, The Netherlands) and a birdcage head coil receiver.
MRI was performed at the beginning of the study and
was repeated after 90 minutes, rest to ensure reprodu-
cibility. All imaging was repeated after 1 year to assess
longitudinal changes.

The sequence for measurement of cerebral atrophy
consisted of serial coronal fast spin-echo inversion-
recovery images (TR 6850 ms, TE 18 ms, TI 300 ms, echo
train length 9, field of view 150 mm2, matrix 256 6 256,
slice thickness 3 mm, interslice gap 1 mm). A coronal
fluid-attenuated inversion recovery (FLAIR) sequence
was obtained for assessment of WMHs (TR 11 000 ms,
TE 140 ms, TI 2600 ms, image geometry identical to that
of the previous sequence).

Quantitative phase-contrast angiography was used to
measure total cerebral blood flow in a single slice at a
position perpendicular to the internal carotid and basilar
arteries (TR 5.66–5.86 ms, TE 3.45–3.60 ms, flip angle 15 ,̊
velocity encoding profile 90 cm s21, field of view
150 mm2, matrix 642, slice thickness 6 mm) and CSF
flow through the cerebral aqueduct (TR 26.5 ms, 7.8 ms,
flip angle 15 ,̊ velocity encoding profile 5 cm s21, field of
view 160 mm, matrix 48 6 64, slice thickness 6 mm).
Flow velocity images were produced using flow sensi-
tivity in each of the cardinal directions and cardiac
gating to produce 15 time-points in the cardiac cycle.

Image analysis

The degree and distribution of cerebral atrophy were
analysed using the method described by Thacker et al
[12]. In this method, CSF is segmented from the spin-
echo inversion-recovery images and the resultant CSF
image is registered into a standard orientation. A co-
ordinate system, bounded by the extremes of the CSF
space, is then applied and the proportion of CSF in each
of 12 equally sized arbitrary divisions of the co-ordinate
system is calculated. The 12 segments are defined by the
mid-sagittal plane, a plane midway between the superior
and inferior boundaries of the co-ordinate space and 2
planes placed equidistantly between the anterior and
posterior boundaries of the co-ordinate space. This
produces a measure of CSF volume and distribution
normalised for head size and scaling errors.

CSF voxels representing the lateral ventricles were
manually selected from the binary images for volumetric
measurement of the lateral ventricles. The segmented
ventricle images were manually checked by three-

dimensional volume rendering to ensure that voxels
extraneous to the ventricles were not included. If any
such voxels were present, they were manually removed.
The measured ventricle volume was again normalised to
the dimensions of the co-ordinate system enclosing the
CSF space to correct for variations in head size.

The severity and distribution of deep white matter
hyperintensities (DWMH) were assessed by an experi-
enced neuroradiologist (AJ) using the objective scoring
scale described by Scheltens et al [13]. Scoring was
performed from matched FLAIR and inversion-recovery
images. All examinations performed prior to follow-up,
consisting of two examinations per subject, were scored
in random order with the scorer blind to the diagnosis.
Follow-up scans were scored by the same observer, who
remained blind to the diagnosis. Following this, initial
and follow-up scans were compared directly to identify
changes in individual DWMH to which the scoring
system might be insensitive.

Vessel localisation in flow velocity images was
performed by manual selection of a small rectangular
region of interest (ROI) in the centre of each vessel. The
mean grey level (and hence flow velocity) was measured
for each time-point in the cardiac cycle. The resultant
time curve of mean velocity for the ROI was then
correlated with the corresponding time curve for every
pixel in the image set. This resulted in a correlation
image, in which each pixel represented the correlation
coefficient (r) of the waveform for that pixel location with
the waveform of the selected ROI. This image was then
thresholded at an empirically determined value of 0.9 to
determine the boundaries of each vessel. Flow through
the vessels was calculated from heart rate, mean velocity
and cross-sectional area. Cerebral blood flow was
calculated as the sum of the carotid and basilar flows.
Inter-group comparisons were made of the total cerebral
blood flow per minute, the proportion of the cycle
through which CSF flow through the aqueduct was in
the caudal direction (during systole), the total CSF flow
in the caudal direction, the total CSF flow in the
craniocaudal direction, the net CSF flow per cycle, the
maximum craniocaudal CSF flow rate and the arterial to
aqueduct delay, which is defined as the time between the
centre of the systolic peaks of the arterial and aqueductal
flow velocity curves.

Statistical analysis

Comparisons between the three groups were per-
formed using Friedman’s analysis of variance (ANOVA)
for non-parametric matched sets.

Results

Measurements of proportionate CFS volume made in
scans obtained 90 min apart were very similar. When the
second measurement was converted to a proportion of
the first, a mean value of 0.9976¡0.0505 was achieved
across all 27 subjects, demonstrating good reproduci-
bility for the technique in the short term. There was no
significant difference in proportionate CFS volume
between the three groups (either of the CFS patient
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groups and the control group) at the beginning of the
study (Friedman’s ANOVA, p50.339).

To assess and compare longitudinal changes in CSF
volume, the proportion of CSF in the total bounding box
after one year was converted to a proportion of that at
study commencement. All three groups showed a slight
increase in mean CFS proportional volume (relative
values for CFS1, 1.040¡0.061; CFS2, 1.025¡0.133 and
NORM 1.067¡0.078). There were no significant differ-
ences in these increases between the control or patient
groups (p50.73). Figure 1 shows CSF proportional
volume after one year, plotted against volume at study
commencement.

At commencement of the study, ventricular volume
showed no significant differences between the three
groups (p50.339), and there were no significant inter-
group differences in the change in ventricular volume
over the course of the year (p50.733).

Analysis of cerebral blood flow data and CSF flow data
showed no significant differences in any of the inter-group
comparisons for any of the parameters described above.

All three groups showed low levels of WMH, and there
was no evidence of WMH in the basal ganglia or
infratentorial structures of any patient. Mean scores for
periventricular hyperintensity were 0.11¡0.33 for CFS1,
0.33¡0.71 for CFS2 and 0.11 ¡ 0.33 for NORM. Mean
scores for DWMH in the prosencephalon were 1.55¡2.80
for CFS1, 1.67¡2.78 for CFS2 and 1.11¡1.45 for NORM).
There was no change in any of the summary (prosence-
phalic DWMH, basal ganglia hyperintensities and infra-
tentorial hyperintensities) or individual component
variables that make up the score between the baseline
and one year follow-up scans. Because the Scheltens’ scale
presents summaries of the frequency of lesions, it is
possible that individual lesions may appear, resolve or
change over time without a corresponding change in the
resultant score. Direct comparison of baseline and one-
year follow-up scans demonstrated new lesions in one
subject (NORM, three lesions) and apparent resolution in
two subjects (NORM, one lesion ,3 mm, CFS2 one lesion
,3 mm).

Discussion

The present study examined four intracranial CNS
abnormalities that have previously been indicated to be
of relevance in CFS and a number of additional
parameters concerned with intracranial blood and CSF
flow. Inter-group differences in these abnormalities
between two patient groups and one control group were
examined at commencement of the study. The change in
these abnormalities after one year was also subjected to
the same inter-group comparisons.

WMH is a brain abnormality that is often studied in
patients with CFS. An increase in WMH in CFS patients
was observed by Natelson et al [14] and by Buchwald et
al [15], although in both of these studies some of the CFS
patients showed symptoms uncharacteristic of CFS and
suggestive of other disease factors. Lange et al [1] found
a significant increase in WMH in CFS, but only after
splitting the CFS group into those with and without DSM
III-R Axis-I psychiatric disorder occurring since their
CFS diagnosis, the increase being found in the group

with no Axis-I psychiatric disorder. Other studies have
failed to find any significant difference in the presence of
WMH in CFS patients and control subjects [3, 5]. In the
present study, all subjects in patient and control groups
were subjected to a thorough screening to ensure the
absence of psychiatric disorders, which included a
detailed consultation with a psychiatrist. Scoring of
DWMH with a widely used semi-quantitative scale
demonstrated only small numbers of white matter
abnormalities, with no difference between experimental
groups and no evidence of change over time.

Distinctive patterns of brain atrophy occur in many
disease processes [12] and a difference in lateral ventricle
size between CFS patients and healthy control subjects has
been described previously, although this difference was
not quite significant [2]. The present study examined both
the volume of all of the CSF within the skull vault of the
prosencephalon and the volume of CSF within the lateral
ventricles. In accordance with the Monro–Kellie hypoth-
esis [16], any change in the sum of grey matter, white
matter and intracranial blood volume should result in a
corresponding change in the volume of CSF. The
proportion of CSF volume to other structures is small,
and thus the CSF volume is sensitive to small changes in
brain volume. As such, measurement of CSF volume is
used to detect changes in the brain tissue volume, whereas
increases in ventricular volume are generally regarded as
a measure of deep white matter loss [1].

No significant differences were found in total CSF or
ventricular volume between the groups at commencement
of the study, and no differences were found in change after
one year. All three groups showed a very small increase in
CSF volume over one year, consistent with a small degree of
age-related atrophy. Owing to the small sample size and the
non-parametric test employed, the statistical analysis may
not be very sensitive to small changes in group CSF volume.
However, a scatter plot of CSF proportion before and after
one year gives no indication of differences between the three
groups (Figure 1), although it is notable that two of the CFS
patients showed a marked change in CSF volume after one
year. Re-checking of the results and raw images confirms
that these changes were genuine, but with scanning at only
two time-points one cannot be certain whether these
changes were long-term changes that occurred slowly over
the course of the year or whether they represented different
points in shorter-term fluctuations.

During the cardiac cycle, the transient increase in blood
volume in the skull is balanced by an outflow of CSF
through the cerebral aqueduct. The mechanical coupling
between arterial and CSF flow pulsations has a damping
effect that is dependent on the compliance of the blood
vessels and surrounding tissues. Cerebrovascular disease
may lead to alterations in this vascular compliance, with
corresponding alterations in the pattern of CSF pulsatility
in the aqueduct. This can be considered a sensitive but
non-specific indicator of small vessel disease in the brain.

In this study, the temporal dynamics of blood flow
into the brain and the corresponding CSF flow pulsations
through the cerebral aqueduct demonstrated no signifi-
cant differences for any of the flow-associated para-
meters tested. We were therefore unable to detect any
evidence of an association between small vessel disease
and CFS.
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Conclusion

In summary, we were unable to detect any abnorm-
ality in brain volume, increased rate of atrophy, white
matter lesions or changes in cerebral blood flow or
aqueductal CSF flow in a group of patients who had
undergone rigorous diagnostic and selection criteria for
CFS. This does not exclude the possibility that CFS may
occur as a result of some patterns of organic brain lesions
that could produce distinctive imaging findings and
which might represent subgroups in the CFS population.

Functional MRI or pharmacological MR will probably
prove more useful than standard MRI in detecting any
cerebral dysfunction. Behavioural performance and
cerebral activity in CFS have been examined using rapid
event-related functional MRI [17]. CFS patients were
considerably slower than matched healthy control
subjects in performing both motor and visual imagery
tasks [17].

Clinically, there are many CFS patients who have
undergone MRI scans in which no structural anomalies
have been revealed. However, when no abnormality is
detected, these patients are wrongly informed that they
do not have CFS because the aforementioned research [1,
2, 5] has identified DWMH and CSF volume changes as a
pathological entity in CFS. Our findings show that the
symptom complex described as CFS can also be seen in
patients with no identifiable cerebral abnormality. Thus,
there are important ramifications for future diagnosis of
CFS, which obviously cannot be based solely on MRI
findings.
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