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Cerebral perfusion in chronic fatigue syndrome

and depression
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Background Patients with chronic
fatigue syndrome (CFS) and depressive
illness share many, but not all, features.

Aims Totestthe hypothesis that
patients with CFS have abnormal cerebral
perfusion, that differs from that in patients

with depressive illness.

Method We recruited 30 patients with
CFS who were not depressed, |12
depressed patients and |5 healthy
volunteers. Regional cerebral perfusion at
rest was assessed using region of interest
(ROI) and voxel-based statistical
parametric mapping (SPM) techniques.

Results On SPM analysis there was
increased perfusion in the right thalamus,
pallidum and putamen in patients with CFS
and in those with depressive illness. CFS
patients also had increased perfusion in
the left thalamus. Depressed patients
differed from those with CFS in having
relatively less perfusion of the left
prefrontal cortex. The results were similar
on ROl analysis.

Conclusions Abnormal cerebral
perfusion patternsin CFS subjects who are
not depressed are similar but not identical
to those in patients with depressive illness.
Thalamic overactivity may be a correlate
of increased attention to activity in CFS
and depression; reduced prefrontal
perfusion in depression may be associated
with the greater neuropsychological
deficits in that disorder.
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Department and the WellcomeTrust.
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Chronic fatigue syndrome (CFS) is charac-
terised by incapacitating fatigue of at least
6 months’ duration, that is made worse by
relatively minor exertion. Although depres-
sive or anxiety disorders have been diag-
nosed in up to two-thirds of CFS sufferers,
the nature of the relationship between CFS
and depression remains uncertain (Kendell,
1991). One way to identify similarities and
differences between CFS and depressive ill-
ness is to study their biological correlates
through the use of neuroimaging techniques.
Functional imaging studies have yielded
inconsistent results to date. Most of the
single-photon emission computerised tomo-
graphy (SPECT) studies have reported areas
of cerebral hypoperfusion, either global
(Ichise et al, 1992; Schwartz et al, 1994) or
localised (Costa et al, 1995; Goldstein et
al, 1995). However, others have reported
no significant cerebral perfusion differences
compared with healthy (Peterson et al,
1994) and/or depressed (Fischler et al,
1996) controls. These inconsistencies may
be explained in terms of (a) patient selection
(as most of the studies have not explicitly ex-
cluded confounding psychopathology), and
(b) different scanning methodology — most
studies to date have used relatively subjec-
tive, non-standardised techniques for
reporting statistical abnormalities of cere-
bral perfusion. In this paper, we present a
comparison between patients with CFS who
do not have a concurrent depressive illness,
patients with major depressive disorders
(both groups diagnosed with standardised cri-
teria) and healthy volunteers. The results are
from high-resolution single-photon emission
tomography, with both region of interest
(ROI) and voxel-based statistical parametric
mapping (SPM) analysis of the effects of
diagnosis on perfusion.

METHOD

Chronic fatigue syndrome

Thirty ambulant subjects with CFS were re-
cruited from a local infectious diseases unit
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(17 subjects) and a local self-help group
(13 subjects). We screened a further seven
people from the infectious diseases unit
and 63 from the self-help group — the ma-
jority of the latter were excluded as they
did not meet CFS criteria and/or were not
interested in the study; most of the exclu-
sions from the former group were due to
scoring above case threshold on the Hospi-
tal Anxiety and Depression Scale (HAD).
All participants had a thorough clinical
evaluation, including physical examination
and laboratory screening tests as recom-
mended by the International CFS Study
Group (Fukuda et al, 1994). The HAD
questionnaire (Zigmond & Snaith, 1983)
and a standardised psychiatric interview
(Schedule for Affective Disorders and
Schizophrenia: SADS) (Endicott & Spitzer,
1978) were used to exclude subjects with
current psychiatric illness, with a particular
emphasis on depression. Subjects with de-
pression or anxiety disorders were ex-
cluded, but the one with somatisation
disorder was included. The Hamilton De-
pression Rating Scale (HDRS) was used
as a measure of severity of any depressive
symptoms (Hamilton, 1960). The mean
duration of illness was 68 months (range
6-240). Sixteen subjects were medication-
free at the time of imaging; the remaining
14 had been prescribed either antidepres-
sants (10), minor tranquillisers (4), and/or
endocrine replacement (two on thyroxine,
one on oral contraceptive). Of the 10 pa-
tients prescribed antidepressants, five had
a previous diagnosis of depression, of
whom three were still receiving full antide-
pressant doses. The remaining five patients
were prescribed antidepressant medication
for symptomatic relief, generally 25-
50 mg of a tricyclic antidepressant (or its
equivalent). Patients were excluded if there
had been any changes in their medication
in the preceding 3 weeks. Current fatigue
levels on the day of testing were rated using
the fatigue scale of the health scale (Befind-
lichkeitsskala) of von Zerssen et al (1974).
Subjects within the CFS and healthy volun-
teer groups also completed the Likert—
Chalder Fatigue Scale (Chalder et al,
1993), which rates levels of fatigue over
the preceding month. Demographic data
and clinical scores are summarised in

Table 1.

Depressed patients

Twelve hospital in-patients with a diag-
nosis of major depressive episode with
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melancholia and no history of (hypo-)
mania (DSM-III-R; American Psychiatric
Association, 1987) were recruited. The
mean duration of their present episode was
12 months (range 2-64). Two patients were
medication-free at the time of imaging. Of
the remaining 10, three were prescribed
neuroleptics, two lithium carbonate, eight
antidepressants, three hypnotics or anxio-
lytics, and one endocrine replacement (thyr-
oxine). Patients were excluded if there had
been any changes in their drug regime in
the previous 3 weeks. Five patients had re-
ceived electroconvulsive therapy (ECT)
more than 6 months ago. Patients had two
scans within 24 hours, and data on diurnal
variations of mood in this group have been
reported previously (Ebmeier et al, 1997).
The morning scan was chosen for all de-
pressed patients, and only patients random-
ised into the ‘morning first’ group were
included, to make scanning times compar-
able with those of the other groups.

Healthy volunteers

Fifteen healthy volunteers, who were
matched in aggregate for age and gender,
were recruited as a control group from hos-
pital staff and friends of patients. Any sig-
nificant medical and psychiatric conditions
were excluded by thorough evaluation, as
outlined above, including screening blood
tests and psychiatric interview. Three sub-
jects were receiving regular medication in
the form of hormone replacement therapy
or oral contraception.

The study followed protocols approved
by the local ethics committee and the
Administration of Radioactive Substances

Table |
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Advisory Committee (ARSAC) at the UK
Department of Health.

Imaging protocol

All subjects were imaged with a single-slice
12-detector head scanner with an in-slice
and z-axis resolution of 8.5 mm full-width
half-maximum (FWHM) and a sensitivity
of 15 000 counts/s/mCi/ml, using the inter-
mediate 572-hole collimators (Neuro 900,
Strichman Medical Equipment Inc., Boston,
USA). Healthy volunteers and patients with
depression received 250 MBq as part of a
split-dose scanning procedure (Ebmeier et
al, 1991, 1997). CFS patients received
500 MBq of technetium-99m hexamethyl
propylamineoxime (**"Tc-HM-PAO). The
scanning time for the first two groups was
doubled to 5 min per slice in order to com-
pensate for the reduced dose. Data on the
satisfactory reliability of half-dose as com-
pared with full-dose scans have been
published previously (Ebmeier et al, 1991).

Subjects rested comfortably on the
imaging table with eyes closed and covered
and environmental noise kept to a mini-
mum, while the tracer injection was admi-
nistered over a 30 s period. The subject’s
head was then positioned in a moulded
head-holder and aligned with the help of
two crossed positioning lights. During the
scan, the head was fixed with pressure pads
over the zygomatic arches. Slices were
acquired parallel to the orbito-meatal
plane, starting at a level approximately
2 cm above the orbito-meatal line and at
1 cm intervals above this level; further de-
tails of the method have been described
previously (Ebmeier et al, 1995). Images

Descriptive and clinical characteristics of patient and control groups

were reconstructed using software supplied
by Strichmann Medical Equipment (SME)
for the Apple Macintosh. The SME recon-
struction algorithm selects an enveloping el-
lipse, derived from an oversmoothed image
of the brain. This, together with the absorp-
tion length parameter (95 mm), determines
the Chang-like attention correction which
was done with one iteration. Count distri-
butions were deconvoluted into the radio-
isotope concentrations responsible, using a
Wiener filter with a correlation length of
6 mm.

Image analysis

Two transverse slices were chosen for the
ROI analysis, approximately 4 and 6 cm
above the orbito-meatal line. A standard
template was prepared by drawing regions
of interest over corresponding brain atlas
slices (Talairach et al, 1988). Although this
atlas is oriented to an internal anatomical
reference (the line between anterior and
posterior commissures), the orbito-meatal
line is almost parallel with it (Szikla et al,
1977). The ROIs included, in the lower
slice, frontal, anterior and posterior cingu-
late, anterior temporal, posterior temporal,
calcarine and occipital cortex, as well as
caudate, putamen and thalamus. The corre-
sponding template for the higher slice con-
tained frontal, and posterior
cingulate, parietal and occipital cortex.
The templates are linearly and symmetri-
cally deformed to fit different brain sizes
and shapes, using the 20% isocontour line
to define the cortical edge. ROI were thus

anterior

preserved in their relative position to each
other, and no additional adjustments were
made for single regions that appeared to be

Variable Chronic fatigue  Depression Healthy Test and overall Post hoc significance
syndrome volunteers significance
Mean age, years (s.d.) 44.2 (10.3) 44.3 (12.5) 41.1 (12.8) F=0.33, P=0.71
Gender (male:female) 11:19 6:6 4:11 Pearson y?=1.56, P=0.46
Mean (s.d.) IQ' 114.2 (10.3) 108.0 (10.2) 113 (9.5) F=1.53, P=0.23
Median fatigue on Befindlichskeitsskala (inter-quartile 11.0 (6.0-14.0) 13.0 (5.0-14.0) 0.0 (0.0-3.0) Kruskal-Wallis CFS, Dep>HV
range) x*=15.5, P=0.004
Mean Likert—Chalder fatigue (s.d.) 27.1 (3.6) - 11.8(1.5) F=252.8, P=0.000 |
Median Hamilton Depression Scale (inter-quartile range) 8.5(7.0-11.0) 24.0(20.5-27.5) 0.0(0.0-1.0) Kruskal-Wallis Dep>CFS>HV
2*=46.6, P=0.00
1. IQ measured on National Adult Reading Test (NART); for references to other variables employed, see text.
CFS, chronic fatigue syndrome; Dep, depression; HV, healthy volunteers.
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out of position (Ebmeier et al, 1991). Regio-
nal count densities were normalised by pro-
portional scaling to whole brain blood flow
(derived from the two slices examined). The
reliability of this ROI method has been
examined previously, in both control and
patient groups, with between-rater errors
approximating 10% (Ebmeier et al, 1991).

Images were further processed using
Analyze (CNS Software) with custom-
written software developed in the MAT-
LAB (The Mathworks, Inc.) on a Sun
SPARC workstation. SPM of regional
cerebral tracer uptake were derived using
the SPM96 software supplied by K. J.
Friston and colleagues at the Wellcome
Department of Cognitive Neurology. The
SPM data were processed as follows:

(a) images were exported as binary files
and converted to Analyze format;

(b) the scans were spatially normalised
using a 12-point linear affine transfor-
mation into Talairach space (Friston et
al, 1995);

the images were then smoothed with an
isotropic (12 mm FWHM) Gaussian
filter to reduce the error variance asso-
ciated with individual variability in
gyral anatomy, to improve the signal-
to-noise ratio, and to precondition the
data to fit the Gaussian distribution
more closely;

(d) differences in global cerebral tracer
activity between subjects were removed
by proportional scaling, similar to the
ROI procedure.

Statistics

Significant group effects are reported for the
ROI analysis using analysis of variance
(ANOVA) followed by post hoc Scheffé-
tests (P<0.05), and for the SPM analysis
using peak z-values with P-values corrected
for multiple comparisons. SPM significance
at cluster level is based on simultaneous con-
sideration of: (a) the peak effect size within a

contiguous volume with voxel z-values
greater than 2.33; (b) the size of this volume;
(c) the smoothness of the data-set; and (d)
the overall size of the search volume. Only
regions significant at both voxel and cluster
level were accepted. Data were analysed
using an analysis of covariance (ANCOVA)
design with age as a confounding covariate.
In order to exclude medication effects, a sub-
group analysis was performed, removing the
CFS patients who were prescribed psycho-
tropic medications. As this did not alter the
findings of statistical significance, the result
for the whole group is reported.

RESULTS

Clinical and demographic data for all three
groups are presented in Table 1. All sub-
jects were Caucasian, and the groups were
well matched in aggregate for age, gender,
premorbid IQ (National Adult Reading
Test; 1982)
Healthy volunteers were clearly less fati-
gued than the patient groups. Median Ha-
milton Depression scores were highest for
the depressed patients, significantly lower
in the CFS patients, and lowest in healthy
volunteers.

Nelson, and handedness.

Table 2 lists the peak differences in per-
fusion between the three diagnostic groups
using SPM. Figure 1 illustrates perfusion dif-
ferences between patient groups and healthy
volunteers in a slice 40 mm above the orbito-
meatal line. Uptake was greater, mainly in
the right thalamus (as well as pallidum and
putamen), both in subjects with CFS and
those with depression, than in healthy con-
trols. CFS patients also showed increased
perfusion in the left thalamus. In comparison
with the CFS group, in the patients with de-
pression perfusion was decreased in the left
prefrontal cortex. The remaining foci in
Fig. 1 did not achieve statistical significance
at the cluster (volume) level.

The results of the ROI analysis are
shown in Table 3. The pattern of results

in the thalamus and putamen is similar to
the patterns obtained with SPM, although
the differences are non-significant, apart
from in the left thalamus and right caudate
and putamen in unmedicated CFS patients.
The significant ROI differences in caudate
nuclei could be due to the cortical rim fitting
of the template, which can result in partial
volume effects between central structures
and ventricular cerebrospinal fluid.

DISCUSSION

Main findings

We found that CFS and depression are asso-
ciated with increased blood flow in the right
thalamus. In support of previous ROI stu-
dies (Goldstein et al, 1995; Fischler et al,
1996) we found little difference between
the two groups, other than the pattern of
perfusion in the left prefrontal cortex on
SPM analysis. This is in keeping with pre-
vious reports of decreased left prefrontal
perfusion in depression (Goodwin, 1997).
In agreement with the work of Fischler et
al (1996) which, like our own, normalised
regional activity to total brain perfusion,
we did not replicate reports of global or
localised cerebral hypoperfusion in CFS.
We believe that this is most likely to be ex-
plained by the fact that our CFS patients
had been carefully screened for comorbid
psychiatric disorders (especially depression)
and were well matched for potential con-
founders, as well as by our use of the more
robust whole-brain normalisation of cere-
bral perfusion. We were not able to address
the possibility of reduced perfusion of the
brain-stem (Costa et al, 1995), mainly be-
cause of the lack of reliable data from an
area whose size lies at the spatial resolution
limit of SPECT.

Limitations

The main limitation of the present study is
that our CFS subjects had high levels of

Table 2 Effect of diagnosis on cerebral perfusion (statistical parametric mapping analysis). All areas containing voxels with uncorrected P <0.001 are listed

Effect Region of increased perfusion z-Value Volume (cm?3) Peak coordinates  Corrected P-value
CFS v. healthy volunteers Right thalamus, pallidum and putamen 5.35 10.6 14, —4,0 0.002

Left thalamus 4.56 —l6, —22,4 0.017
Depression v. healthy volunteers Right thalamus, pallidum and putamen 5.02 16.3 22, —-8,0 0.009
CFS v. depression Left prefrontal cortex 4.38 1.3 —34,46, 16 0.023

CFS, chronic fatigue syndrome.

552

https://doi.org/10.1192/bjp.176.6.550 Published online by Cambridge University Press


https://doi.org/10.1192/bjp.176.6.550

depression: almost half were on psycho-
tropic medication and five had a previous
history of depression. This reflects the rar-
ity of CFS without comorbid psychiatric
disturbance, and is only evident because
we characterised our subjects so carefully.
Our rigorous screening and inclusion of
self-help group members may, of course,
mean that our CFS subjects are not repre-
sentative of people with CFS in clinics and
in the community. Almost all our de-
pressed subjects were medicated, and psy-

CEREBRAL PERFUSION IN CHRONIC FATIGUE SYNDROME AND DEPRESSION

chotropic medication may well alter
cerebral perfusion, although the findings
in our CFS subjects do not appear to be
explained by medication effects. It should
also be noted that our controls were re-
cruited as staff or friends and may not
therefore be representative of the ‘normal’

population.

Methodological issues

This is the first study to report SPM analysis
of the pattern of cerebral perfusion in

Table 3 Effect of diagnosis on regional perfusion (region of interest analysis)

patients with CFS compared with well-
matched groups of depressed and normal
controls. SPM was originally used in posi-
tron emission tomography (PET) and has
only recently been applied to SPECT data.
As the previous SPECT studies in this area
have used ROI analysis, we report both
ROI results and the SPM analysis for com-
parison and validation. The trends shown
in the ROI analysis were generally in agree-
ment with the SPM results. ROI analysis is
potentially prone to human error, as the

Healthy volunteers

Chronic fatigue syndrome

Depression (a.m.)

One-way ANOVA

n=15 n=30 n=I12
Mean s.d. Mean s.d. Mean s.d. P (F,, 54)  Scheffé (P <0.05)
Left
Frontal 1.06 0.03 1.06 0.05 1.03 0.06 0.23
Anterior temporal 1.12 0.07 1.12 0.07 1.10 0.10 0.36
Posterior temporal 113 0.04 113 0.04 (W] 0.07 0.48
Occipital 1.10 0.06 1.09 0.06 1.09 0.09 0.97
Calcarine 1.14 0.09 1.18 0.09 1.20 0.07 0.17
Anterior cingulate 1.15 0.09 1.08 0.10 1.09 0.11 0.07
Posterior cingulate 0.94 0.10 0.90 0.09 0.87 0.12 0.18
Caudate .19 0.15 1.23 0.06 0.98 0.16 0.0000 HV, F>D
Putamen 1.27 0.08 1.29 0.08 1.24 0.10 0.13
Thalamus 1.24 0.08 1.272 0.06 1.24 0.09 0.28
Frontal' 1.05 0.03 1.04 0.04 1.03 0.03 0.25
Parietal' 1.07 0.03 1.08 0.04 1.08 0.07 0.66
Occipital' 1.12 0.04 1.14 0.06 1.14 0.08 0.35
Anterior cingulate' 1.24 0.08 1.25 0.09 1.27 0.09 0.77
Posterior cingulate' 1.30 0.06 1.34 0.10 1.33 0.10 0.51
Right
Frontal 1.06 0.04 1.07 0.05 1.05 0.06 0.26
Anterior temporal 1.15 0.06 1.12 0.06 1.15 0.07 0.11
Posterior temporal 1.10 0.04 1.12 0.05 11 0.07 0.45
Occipital 1.05 0.06 1.08 0.06 1.08 0.11 0.49
Calcarine 1.20 0.09 1.18 0.09 1.16 0.08 0.53
Anterior cingulate 1.10 0.08 1.09 0.09 1.07 0.10 0.62
Posterior cingulate 1.00 0.06 0.98 0.09 0.93 0.14 0.15
Caudate 1.16 0.11 1.21%* 0.06 0.96 0.19 0.0000 HV,F>D
Putamen 1.26 0.08 1.30% 0.07 1.24 0.09 0.03 t
Thalamus 1.21 0.07 1.26 0.06 1.26 0.10 0.08
Frontal' 1.04 0.03 1.05 0.03 1.05 0.03 0.6l
Parietal' 1.07 0.03 1.07 0.03 1.08 0.06 0.83
Occipital' 1.09 0.04 1.12 0.05 .16 0.09 0.01 H<D
Anterior cingulate' 1.26 0.08 1.26 0.07 1.24 0.09 0.67
Posterior cingulate' 1.25 0.13 1.27 0.11 1.33 0.13 0.21
1. Upper slice.
*Unmedicated CFS > CFS on antidepressants (P <0.05, t-test).
Only non-medicated chronic fatigue syndrome (CFS) patients; one-way ANOVA P (F, 4,)=0.02, F>D.
HYV, healthy volunteers.
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Fig. 1 Voxels with increased perfusion in patient groups, compared with healthy volunteers and with each other. The cross-point marks the peak

difference: (a) chronic fatigue syndrome v. healthy volunteers; (b) depression v. healthy volunteers; (c) depression v. chronic fatigue syndrome.
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technique requires the fitting by an operator
of a standard template to each individual
brain. Only 20% of the volume available
from the scan was utilised in the ROI analy-
sis. SPM analysis, in contrast, uses an objec-
tive approach to analysis, with information
from the whole brain, allowing for the
detection of smaller effects. In particular,
small structures such as the head of the cau-
date may be missed or captured incomple-
tely by an ROI method that fits the whole
slice template to the outer brain boundary.
The central grey nuclei are particularly
prone to such errors, because they lie adja-
cent to the lateral ventricles. Ventricular
dilatation may thus appear to reduce basal
ganglia perfusion, due to partial volume
effects. Specifically, the reduction of perfu-
sion in caudate ROIs in depression may be
due to ventricular dilatation, while the ab-
sence of such a reduction in caudate perfusion
in the more reliable SPM analysis probably
reflects the absence of real tissue perfusion
changes. The veracity of this interpretation
can, of course, only be tested by parallel
structural and functional imaging.

Implications

The relatively strong and statistically signif-
icant association of increased perfusion in
the right thalamus in the subjects with
CFS and depression is consistent with the
clinical and biological overlap between the
two disorders. Both conditions are asso-
ciated with low mood and inactivity, but
these are unlikely to result in increased tha-
lamic perfusion. The similarities in distur-
bances of motor function (Lawrie et al,
2000) and effort perception (Lawrie et al,
1997) in CFS and depression are more
likely explanations. The thalamus is gener-
ally regarded as a sensory relay station for
afferent connections with the cortex. How-
ever, recent work with primates and in vivo
imaging in humans increasingly suggests its
involvement with motor function and plan-
ning in a system that links cerebellum and
prefrontal cortex (Percheron et al, 1996).
Thalamic output on the cerebral cortex is
modulated in response to levels of sleep
and wakefulness (Steriade & Contreras,
1995), and recent work has demonstrated
its relevance to general attention and vigi-
lance (Kinomura et al, 1996; Roland,
1996) and to the discrimination of painful
stimuli (Lenz et al, 1995). Some authors
have proposed a dynamic role for the thala-
mus in modulating information transmis-
sion to the cortex (Sherman & Guillery,

CEREBRAL PERFUSION IN CHRONIC FATIGUE SYNDROME AND DEPRESSION

CLINICAL IMPLICATIONS

m The patterns of cerebral perfusion in chronic fatigue syndrome (CFS) and in
depression show important similarities and differences.

B Biological disturbance in CFS is not limited to those with comorbid depressive

symptoms.

B These changes are quantitative rather than qualitative — single-photon emission
computerised tomography has (as yet) no role in the clinical diagnosis of CFS.

LIMITATIONS

B Many of the patients were on medication.

B A relatively small number of patients with depression was included.

B The statistical parametric mapping and region of interest results are not entirely

consistent.
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1996). Others have suggested a crucial role
for the thalamus in the modulation of
motor and cognitive coordination (Roland,
1996). Importantly for CFS, the lateral ven-
tral nucleus of the thalamus receives input
from muscle afferents and the cerebellum
that provide critical information about
motor state. There is an intriguing overlap
between these sensorimotor functions and
the core symptoms reported in CFS. Thala-
mic overactivity in CFS (and depression)
may, therefore, reflect increased attention
to motor and cognitive tasks, with pre-
viously automatic tasks requiring higher
levels of vigilance and thereby becoming ef-
fortful. Many similar disturbances and
symptoms are evident in depression, but
we found that prefrontal perfusion distin-
guishes the disorders. This is in keeping
with our findings, in the same group of
patients, that patients with depression have
similar motor but more profound cognitive
deficits than patients with CFS (Lawrie et
al, 2000). These important similarities and
differences in the patterns of cerebral per-
fusion between patients with depression

https://doi.org/10.1192/bjp.176.6.550 Published online by Cambridge University Press

and those with CFS may, therefore, be
associated with their similar but different
clinical presentations.
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