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Contribution of Functional Neuroimaging to Understanding
Neuropsychiatric Side Effects of Interferon in Hepatitis C

SCOTT C. MATTHEWS, M.D.
MARTIN P. PAULUS, M.D.
JOEL E. DIMSDALE, M.D.

Patients with hepatitis C who are treated with interferon may develop neuropsychiatric symptoms,
including fatigue and depression. The authors discuss the potential use of functional neuroimag-
ing in the identification and treatment of these patients. The authors provide an overview of func-
tional neuroimaging studies of fatigue and depressive symptoms in various medical and psychiat-
ric conditions and suggest future directions for research that may increase understanding of the
specific neural substrates of neuropsychiatric side effects associated with hepatitis C and inter-
feron treatment. This knowledge may help consultation-liaison psychiatrists identify patients at
high risk for developing side effects related to hepatitis C and interferon, which would allow for
implementation of validated strategies for prophylactic treatment of these patients.
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The sequelae of hepatitis C virus infection and its treat-
ment are of vital public health concern and are becom-

ing increasingly common among patients seen by consul-
tation-liaison psychiatrists. A burgeoning literature
describes the effects of hepatitis C and interferon treatment
on quality of life1 and on the development of neuropsy-
chiatric symptoms such as fatigue and depression.2,3 Fa-
tigue and depressive symptoms are also associated with
many other conditions encountered in the consultation-li-
aison setting, including major depressive disorder, multiple
sclerosis, and chronic fatigue syndrome. Functional brain
imaging techniques have contributed greatly to an under-
standing of the brain structures involved in such symptoms,
and these techniques are potentially useful tools for the
identification and prophylactic treatment of consultation-
liaison patients who are most vulnerable to the develop-
ment of neuropsychiatric side effects. Hepatitis C is an area
in which functional neuroimaging has the potential for
great clinical utility.

Hepatitis C has an enormous effect on morbidity and
mortality. In the United States alone, an estimated 4 million

persons have hepatitis C, of which approximately 20% are
expected eventually to develop cirrhosis of the liver.4 Of
these, approximately 25% will die from hepatic failure or
require liver transplantation.5 Progression to cirrhosis is of-
ten silent, until patients present with symptoms of end-
stage liver disease. In addition to these complications, neu-
ropsychiatric symptoms and a decrease in quality of life
are also associated with hepatitis C and interferon treat-
ment.1,6

It is interesting to note that not all patients with hep-
atitis C develop neuropsychiatric symptoms. For example,
most investigators have reported that between 10% and
40% of patients who receive interferon treatment experi-
ence depressive symptoms.7 Although the vulnerability
factors involved in the development of neuropsychiatric
symptoms in hepatitis C and interferon treatment are not
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TABLE 1. Characteristics of Three Functional Neuroimaging Techniques

Characteristic
Functional Magnetic
Resonance Imaging

Positron Emission
Tomography

Single Photon Emission
Computed Tomography

Cost Moderate High Low
Spatial resolution 1–3 mm 10–16 mm 9–12 mm
Temporal resolution 4–10 seconds 1–2 minutes 3–4 minutes
Exposure of scanned subject to radiation No Yes Yes

known, functional brain imaging techniques have contrib-
uted greatly to the general understanding of the brain cir-
cuits that may be disrupted when neuropsychiatric symp-
toms are experienced by patients with major depressive
disorder, multiple sclerosis, and chronic fatigue syndrome.
An emerging literature supports the idea that this brain cir-
cuitry is also involved in interferon-induced neuropsychi-
atric symptoms.

In this article, we provide an overview of functional
neuroimaging studies of fatigue and depressive symptoms
in various medical and psychiatric conditions, describe
converging evidence from these diverse clinical entities,
and suggest future directions for research that may increase
the understanding of the specific neural substrates involved
in interferon-induced neuropsychiatric side effects. This
knowledge may aid the consultation-liaison psychiatrist in
identifying patients at high risk for developing side effects
related to hepatitis C and interferon and allow for the im-
plementation of validated strategies for prophylaxis8 and
treatment3 of these patients. Before reviewing the literature
regarding the brain circuitry involved in fatigue and de-
pressive symptoms in specific patient groups, we first pro-
vide a brief overview of the diverse approaches to func-
tional neuroimaging.

OVERVIEW OF FUNCTIONAL NEUROIMAGING

Modern functional neuroimaging techniques comprise a di-
verse set of methods, including functional magnetic reso-
nance imaging (fMRI), positron emission tomography
(PET), and single photon emission computed tomography
(SPECT). These procedures are relatively noninvasive and
can provide detailed information about cortical brain activ-
ity at rest and about how brain function changes as one
engages in a specific task. The characteristics of these neu-
roimaging techniques are summarized in Table 1.

Functional Magnetic Resonance Imaging (fMRI)

The blood-oxygen-level-dependent (BOLD) fMRI
method pioneered by Ogawa and colleagues9 can be used

to identify signal change associated with task performance.
fMRI measures relative changes in blood flow on the basis
of differences in blood oxygenation and infers information
about functional brain activity from these measures. Blood
flow within the brain is under tight control, and when neu-
ronal activity increases in a given cortical region, blood
flow to that area increases and oxygen is delivered in order
to keep up with the increased metabolic demand. However,
for reasons that are incompletely understood, blood flow
increases disproportionately, relative to oxygen demand,
leading to a relative increase in oxygenated hemoglobin in
active brain regions. The greater the ratio of oxygenated to
deoxygenated hemoglobin in a given region, the greater
the signal detected from that region. This phenomenon is
known as the BOLD effect and is the basis of traditional
fMRI experiments.9

In the fMRI procedure, subjects are placed inside a
large magnet that exerts a powerful static magnetic field
with a magnetic flux density of 1.5–4 T. This external field
causes protons within the nuclei of hydrogen atoms to align
either in a parallel or anti-parallel orientation with the field.
Next, delivery of energy pulses results in a perpendicular
magnetic field that tips protons into a higher-energy state.
As the protons relax (dephase) back to their lower-energy
state, a signal in the form of energy photons is emitted and
quantified by the receiver coils in the scanner. The strength
of the signal is dependent on the microenvironment in
which the protons are located. Specifically, protons de-
phase more slowly in an environment with relatively more
oxygenated hemoglobin. Therefore, a stronger signal is de-
tected from active cortical regions (regions with relatively
more oxygenated hemoglobin). Smaller gradient magnetic
fields may also be applied to allow for three-dimensional
localization of nuclei.

Emission Techniques

PET and SPECT measure biological processes such as
glucose consumption and regional cerebral blood flow
(rCBF). In these techniques, brain metabolism is located
and quantified by administering radioactively labeled mol-
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ecules that are taken up by metabolically active neurons.
The nature of the process of radioactive decay differs be-
tween PET and SPECT and partially explains the greater
spatial resolution of PET. However, compared with SPECT,
PET is more expensive and less readily available.

PET

In contrast to fMRI, PET relies on conventional X-rays and
employs radioactively labeled molecules referred to as ra-
diopharmaceuticals. The radiopharmaceuticals are admin-
istered to subjects through inhalation or injection and dis-
perse throughout the body and brain. As radioactive decay
occurs, the positrons that are emitted collide with electrons.
These collisions result in the annihilation of both particles
and the production of photons that are detected by the PET
scanner. The spatial localization of the annihilation can be
approximated.

[18F]fluorodeoxyglucose (FDG) is the most commonly
used radiopharmaceutical in PET experiments. Active neu-
rons have higher metabolic rates and take up glucose at a
higher rate than less active neurons. Similarly, regional ce-
rebral blood flow is higher in active brain regions com-
pared to less active brain regions. Intravenous [15O]H2O
may be administered in order to approximate rCBF. Re-
gional glucose metabolic rate and rCBF directly relate to
local functional activity in particular brain regions.

SPECT

Like PET, SPECT involves the administration of radioac-
tively labeled tracers that decay over time while emitting
a signal that is localized by the SPECT scanner. Radioac-
tively labeled ligands accumulate in particular brain re-
gions relative to the amount of blood flow to that area.

[99mTc]hexamethylpropyleneamine oxime (HMPAO)
is rapidly taken up into the brain and is the most commonly
used radiopharmaceutical in SPECT experiments. Other ra-
diopharmaceuticals are also employed for a variety of clini-
cal purposes. [99mTc]ethylcysteine dimer (ECD) is stable
in vitro for several hours, which allows for the study of
episodic phenomenon such as seizures. [201Tl]chloride is
often administered in SPECT studies to image brain tu-
mors. Xenon-133 may be used to study rCBF; however,
the spatial resolution of this technique is less than that of
[15O]H2O PET.

Collectively, these techniques have been used to iden-
tify a network of brain regions that is involved in the de-
velopment of neuropsychiatric symptoms.

FUNCTIONAL BRAIN IMAGING STUDIES OF
NEUROPSYCHIATRIC SYMPTOMS

The anterior cingulate cortex and the prefrontal cortex have
been implicated frequently in the development of fatigue
and depressive symptoms in various medical and psychi-
atric conditions. The anterior cingulate cortex is a structure
with multiple functions and at least two functional subdi-
visions. The ventral anterior cingulate cortex is critical for
integration of emotional information10 and modulation of
the autonomic nervous system.11,12 The dorsal anterior cin-
gulate is intimately involved in cognitive processes such
as response inhibition13 and error processing,14 and is also
involved in modulation of the autonomic nervous system.11

Given the role of this structure in integrating cognitive and
emotional information, it is not surprising that dysfunction
of the anterior cingulate cortex has been associated with
the development of neuropsychiatric symptoms in several
psychiatric and medical conditions.

Functional subdivisions have also been identified
within the prefrontal cortex, a structure that is critically
involved in the regulation of mood and affect.15 The ven-
tromedial prefrontal cortex is intimately involved in the
anticipation of positive and negative stimuli,16 and the dor-
solateral prefrontal cortex and orbital prefrontal cortex are
involved in spatial working memory and reward expecta-
tion.17 Various functional imaging evidence supports the
role of the prefrontal cortex in mediating fatigue and de-
pressive symptoms in various conditions.

Studies of Depressive Symptoms

Many functional neuroimaging studies of major de-
pressive disorder (MDD) used PET or fMRI and have de-
scribed altered brain activation in the dorsolateral prefron-
tal cortex and dorsal anterior cingulate cortex. These
studies are summarized later in this section. Major depres-
sive disorder has also been associated with altered brain
activation in the amygdala, a structure in the medial tem-
poral lobe that is important for face recognition,18 as well
as integration of emotional responses and modulation of
the autonomic nervous system.19 Hyperactivation of this
structure has been consistently demonstrated in major de-
pressive disorder.20

In a review of the neuroimaging literature, Drevets et
al.21 described a convergence of findings from various
studies suggesting that less activation in the dorsolateral
prefrontal cortex is associated with MDD. More recent
studies have provided consistent results. Using fMRI and
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an affective task, Davidson et al.15 demonstrated that sub-
jects with MDD had significantly less left-sided dorsolat-
eral prefrontal cortex activation, relative to healthy com-
parison subjects. This study also revealed that differences
in activation in the rostral anterior cingulate cortex helped
predict future antidepressant treatment response.

In considering how activation of the anterior cingulate
cortex is affected in MDD, it is important to keep in mind
the subdivisions of this brain region. Less activation in the
dorsal anterior cingulate cortex has been repeatedly ob-
served in PET and fMRI studies of subjects with MDD.
Conversely, hyperactivation has been observed in the ven-
tral (subgenual) anterior cingulate cortex of subjects with
MDD. Mayberg et al.22 conducted a PET study and re-
ported the intriguing finding that greater activation in the
ventral anterior cingulate cortex before treatment predicted
a positive response to antidepressant medication. Davidson
et al.15 replicated these findings using fMRI.

In summary, the functional neuroimaging literature
supports the notion that MDD is associated with disruption
of a neural circuit that involves multiple cortical and sub-
cortical components. The dorsal anterior cingulate cortex
and dorsolateral prefrontal cortex, as well as the ventral
anterior cingulate cortex and amygdala, are key compo-
nents of this circuit. Altered patterns of activation and de-
activation in these functionally and anatomically connected
brain regions have been found in patients with MDD, and
this evidence suggests that this disorder may alter these
circuits. Emerging evidence suggests that similar brain cir-
cuitry is involved in interferon-induced depression.

Studies of the Effects of Interferon in Hepatitis C

Surprisingly few neuroimaging studies have examined
the effects of interferon on brain activation in hepatitis C.
We review one such study and then highlight other studies
that have used neuroimaging to investigate fatigue in
chronic medical conditions. Juengling et al.23 studied the
effect of interferon on brain activation and the development
of depressive symptoms in 11 subjects treated with inter-
feron-� for chronic hepatitis C infection. Neuropsycholog-
ical testing and FDG PET were performed before and after
12 weeks of interferon treatment. Significant changes in
brain activation were observed at week 12. Specifically,
bilateral dorsolateral prefrontal cortex hypometabolism
was observed at week 12, relative to baseline, in all sub-
jects. In a covariance analysis, this hypometabolism was
correlated with changes in scores on the Beck Depression
Inventory. Before interferon treatment, one of the 11 sub-

jects met the criteria for depression, whereas six of 11 were
depressed at week 12. The authors noted that hypometabo-
lism in the prefrontal cortex was seen in both the depressed
and the nondepressed subjects before interferon treatment,
and they speculated that this characteristic may constitute
a predisposing factor for interferon-associated neuropsy-
chological syndromes.

Studies of Fatigue

Chronic fatigue syndrome is characterized by fatigue
accompanied by several associated physical or cognitive
symptoms for a period of 6 months or longer. Poor con-
centration and impaired memory are among the most fre-
quently encountered symptoms. Although the neurobiol-
ogy of these symptoms remains incompletely understood,
functional neuroimaging studies have revealed that the pre-
frontal cortex and anterior cingulate cortex are critically
involved in mediating fatigue in chronic fatigue syndrome.

SPECT experiments in chronic fatigue syndrome have
revealed hypoperfusion in a variety of brain regions, in-
cluding the anterior cingulate cortex and prefrontal cortex.
Schmaling et al.24 implemented an auditory working mem-
ory paradigm and observed a relative increase in task-
related left anterior cingulate cortex activity in chronic fa-
tigue syndrome patients, relative to healthy comparison
subjects. Baseline differences in brain activation were also
reported in this study. Specifically, decreased anterior cin-
gulate cortex activity and decreased global activation were
observed at baseline in chronic fatigue syndrome patients,
relative to comparison subjects. Related SPECT studies
have observed frontal lobe hypometabolism in chronic fa-
tigue syndrome.25

The literature on PET studies also contains evidence
of altered prefrontal cortex activation in chronic fatigue
syndrome. Tirelli et al.26 reported that subjects with chronic
fatigue syndrome had significant hypometabolism in the
right mediofrontal cortex and brainstem, compared to
healthy subjects. This study also included several subjects
with MDD, who were found to have severe hypometabo-
lism in the medial and upper frontal regions bilaterally,
although they had normal metabolism in the brainstem.

We are unaware of fMRI studies in chronic fatigue
syndrome, but this technique has been used to study fatigue
in other conditions. For example, Filippi et al.27 used fMRI
to study the pathogenesis of fatigue related to multiple scle-
rosis. In their study, 15 healthy comparison subjects and
29 patients with multiple sclerosis (15 patients with fatigue
and 14 patients without fatigue) performed a simple motor
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task while fMRI was conducted. The multiple sclerosis pa-
tients with and without fatigue had differences in brain
activation in many areas, including the cingulate and fron-
tal cortex. Specifically, multiple sclerosis patients with fa-
tigue had significantly greater activation in the contralateral
cingulate motor area and significantly less activation of
several areas of the prefrontal cortex, including the contra-
lateral middle frontal gyrus and the ipsilateral orbitofrontal
cortex. Further, significant negative correlations were
found between fatigue scores and relative activations in the
ipsilateral orbitofrontal cortex and thalamus as well as the
contralateral intraparietal sulcus, but no significant changes
were found in prefrontal cortex activation.

CONVERGING FINDINGS AND FUTURE
DIRECTIONS

Converging functional neuroimaging evidence supports the
hypothesis that common neural circuitry is involved in the
development of fatigue and depression in diverse condi-
tions. The anterior cingulate cortex and prefrontal cortex
are key components of this circuitry. Intact functioning in
these regions during cognitive and affective challenge tasks
may indicate that subjects are less likely to develop fatigue
and depression. Conversely, a preexisting weakened neural
circuit may make a subject more vulnerable to developing
such symptoms.

The dorsolateral prefrontal cortex may be particularly
important in the development of depressive symptoms.
Lower levels of activation in this region have been ob-
served in patients with interferon-induced depression and
in patients with MDD, relative to healthy comparison sub-
jects. Future fMRI studies with a region-of-interest ap-
proach are needed to fully understand how interferon ad-
ministration affects activation in the dorsolateral prefrontal
cortex and how this process relates to the development of
depressive symptoms. Similarly, fMRI studies are needed
to investigate the role of the anterior cingulate cortex in
interferon-induced depression. Hyperactivation in the ven-
tral anterior cingulate cortex has been shown to predict
future antidepressant treatment response in MDD. Specific
investigation of this structure in subjects who are taking

interferon may allow prospective identification of patients
at risk for interferon-induced depression and initiation of
prophylactic treatment for these patients.

Functional neuroimaging studies of fatigue have iden-
tified several regions of the prefrontal cortex and anterior
cingulate cortex as critical for mediating fatigue associated
with chronic fatigue syndrome and multiple sclerosis. Fu-
ture fMRI studies may allow the identification the specific
subregions within these structures that are important in me-
diating fatigue in these conditions. The specific structures
involved in interferon-related fatigue are unknown. The
temporal and spatial resolution of fMRI and the develop-
ment of tasks that specifically probe the functions of the
dorsolateral prefrontal cortex, anterior cingulate cortex,28

and other regions of critical brain circuitry may make it
possible to fully elucidate the neural substrates of inter-
feron-induced neuropsychiatric side effects. Thus, func-
tional brain imaging has enormous potential for revolu-
tionizing psychosomatic medicine and may soon become
another diagnostic tool for clinicians in the consultation-
liaison setting.

This review was intended to summarize the current
understanding of the brain circuits involved in the devel-
opment of neuropsychiatric symptoms and to guide future
research in this area to allow better diagnosis and treatment
of the sequelae of hepatitis C and interferon treatment. The
fact remains that neuropsychiatric symptoms may be a
characteristic of hepatitis C, interferon treatment, or both,
and further research is needed to address this issue. The
extensive literature on the neuropsychology of HIV and its
treatment may help to shed light on this area. Careful
characterization of patients who have successfully been
treated for hepatitis C may also be illustrative. In addition,
careful comparisons between patients who do and do not
develop interferon-induced neuropsychiatric side effects
may contribute greatly to the understanding of the patho-
physiology of these symptoms in hepatitis C. Given the
prevalence of hepatitis C and the disabling nature of its
associated neuropsychiatric side effects, collaboration
between consultation-liaison psychiatrists, hepatologists,
and psychologists is essential for advancing knowledge
and making key contributions to patient well-being.
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