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Functional magnetic resonance imagery (fMRI) in fibromyalgia and
the response to milnacipran
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Functional imaging has been used to study response to pain in fibromyalgia patients. Functional magnetic resonance imagery (fMRI) which
tracks local changes in blood flow has a higher spatial and temporal resolution than other techniques such as positron emission tomography
(PET) or single-photon emission tomography (SPECT). fMRI studies in fibromyalgia patients suggest that similar levels of subjective pain
result in similar central nervous system (CNS) activation in both fibromyalgia patients and controls. For a similar stimulus, however,
fibromyalgia patients have a greater subjective sensation of pain. This increased sensitivity is accompanied with a decreased activity in brain
regions implicated in the descending pain inhibitory pathways. The hypothesis that increased sensitivity to pain is due to decreased activity of
the descending inhibitory pathways is supported by results with milnacipran. Fibromyalgia patients treated with the serotonin and
noradrenaline reuptake inhibitor, milnacipran, exhibited a reduction in pain sensitivity and a parallel increase in activity in brain regions
implicated in the descending pain inhibitory pathways compared to placebo-treated patients. Copyright # 2009 John Wiley & Sons, Ltd.
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FUNCTIONAL IMAGERY STUDIES IN
FIBROMYALGIA

The pathophysiology of fibromyalgia has been
suggested to involve abnormalities of central pain
processing (Bennett, 2005) possibly through a dys-
function of the serotonin and noradrenaline neurons in
the basal ganglia which modulate the inhibitory
descending pathways.
Functional imaging has been used to investigate

abnormalities in the central nervous system (CNS)
function in response to pain (Peyron et al., 2000) in
general and more specifically in fibromyalgia patients
(Williams and Gracely, 2006). Both single-photon
emission tomography (SPECT) imaging (Kwiatek
et al., 2000) and positron emission tomography
(PET) (Lekander et al., 2000) have been used. These
techniques use radioactive tracers to measure regional
cerebral blood flow (rCBF) in different brain areas.
PET uses radioactive tracers with a shorter half-life
than SPECT, which results in an improved temporal
resolution (Alavi and Hirsch, 1991).

Studies suggest that fibromyalgia patients may have
reduced rCBF in one or both thalami (Kwiatek et al.,
2000; Mountz et al., 1995). The cause of this decrease
is unknown but inhibition of activity in this region
may be the result of prolonged excitatory nociceptive
input (Iadarola et al., 1995). The lower resting rCBF in
the thalamus is consistent with a tonic inhibition in
response to a persistent excitatory input associated
with widespread chronic pain which is characteristic of
fibromyalgia.
Functional magnetic resonance imagery (fMRI) is a

technique that directly tracks local changes in blood
flow (through changes in water molecule density)
(Gracely et al., 2002). fMRI has a higher spatial and
temporal resolution than PET or SPECT (Detre and
Floyd, 2001).
A study using fMRI investigated differences in

cortical activation between fibromyalgia patients and
controls while they underwent thumbnail pressure
testing (Gracely et al., 2002). In fibromyalgia subjects,
the fMRI was performed while they were subjected
to ‘moderately painful’ pressure. The control subjects
were scanned under two conditions, ‘stimulus pressure
control’ which used the same level of mechanical
pressure as the fibromyalgia patients and ‘subjective
pain control’ which used a degree of mechanical
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pressure that resulted, as in the fibromyalgia patients,
in moderate pain. The levels of cortical activation
seen in fibromyalgia patients and the controls under
the ‘subjective pain control’ condition were similar.
However, fMRI scans of control subjects under the
‘stimulus pressure control’ condition showed no
significant activation.
Thus, similar levels of subjective pain intensity

resulted in similar CNS activation in both groups. In
contrast the same intensity of pressure stimulation
resulted in a more pronounced and bilateral activation
of the CNS in fibromyalgia patients compared to
healthy controls (Gracely et al., 2002). These results
strongly support the notion of a lower pain threshold
and/or increased gain of the nociceptive system in
fibromyalgia patients which is consistent with a model
of central sensitization.
A recent fMRI study of experimental tonic (con-

tinual) pain found differences between fibromyalgia
patients and controls in the activation in the fronto-
cingulate cortex, the supplemental motor areas and the
thalamus (Burgmer et al., 2009) which supports the
hypothesis that central mechanisms in the medial pain
system, play an important role for pain processing in
patients with FMS.
In a study of fibromyalgia patients (selected from a

larger multicentre study) and healthy age-matched
controls, the pressure stimulus–pain response curve
was used to establish pressures giving identical
perceived pain levels. These pressures were applied
during fMRI scans (Jensen et al., 2009). Fibromyalgia
patients needed significantly less pressure to experi-
ence the same subjective pain level as the controls. In
addition fibromyalgia patients had significantly lower
activity in the rostral anterior cingulate cortex (rACC)
and in the left pulvinar nucleus of thalamus compared
to controls. The fMRI response in the brain regions
associated with primary sensory or affective repres-
entations of pain were identical in the two groups
(Jensen et al., 2009). Thus there was no evidence of
increased activity in emotional areas during processing
of noxious input in fibromyalgia patients. In fibro-
myalgia patients, however, there was a decreased
activity in brain regions implicated in the descending
pain inhibitory pathways, such as rACC and thalamus,
during nociceptive stimulation.

FUNCTIONAL MAGNETIC RESONANCE
SPECTROMETRY (fMRI) IN FIBROMYALGIA
PATIENTS TREATED WITH MILNACIPRAN

In animal models of chronic pain, the serotonin and
noradrenaline reuptake inhibitor (SNRI), milnacipran,

has been shown to reverse hyperalgesia and allodynia
(Mochizuki, 2004). These effects were observed
following oral administration but also via both
intracerebral and intrathecal routes, suggesting that
the antinociceptive effects are not mediated locally but
involve the CNS (Mochizuki, 2004). A number of
double-blind placebo-controlled clinical trials have
shown milnacipran to produce a significantly greater
reduction in pain compared to placebo in patients
suffering from fibromyalgia (Branco et al., 2008;
Clauw et al., 2008; Gendreau et al., 2005; Mease et al.,
2009). In addition to reducing pain, milnacipran also
reduced fatigue and had a positive effect on patients’
global impression of change. The positive effects of
milnacipran (and other SNRIs) in fibromyalgia are not
related to effects on depression and the studies have
shown that response rates were similar in patients with
and without co-morbid depression.
fMRI analysis was integrated into a recent

double blind, placebo-controlled, multicentre trial
(UK, Sweden and Germany), which studied milnaci-
pran over 13 weeks (3-week dose escalation, 9-week
fixed dose (200mg daily¼ 100mg b.i.d.), 9-day down
titration), with a primary endpoint at 12 weeks
(Gracely et al., 2008). The patients were 92 women
(18–55 years) diagnosed with fibromyalgia according
to the American College of Rheumatology classi-
fication criteria. They were all right-handed, with no
unstable medical disorder. They had all discontinued
any psychotropic medication, commonly used for
fibromyalgia, for at least 2 weeks. Pain intensity,
determined by averageweekly recall of pain on a 100mm
visual analogue scale (VAS), was �40 mm at baseline.
The sensitivity to pain produced by multiple 2.5 s

pressure stimuli of supra-threshold intensities ran-
domly applied to the left thumb nail was assessed
with a VAS at baseline and after 12 weeks treatment.
A stimulus-response curve was constructed for each
patient at week 12 and the pressure required to produce
a VAS of 50mm (P50) was derived. Brain activity
during pain evoked at P50 was determined using fMRI
as previously described (Apkarian et al., 2005; Ingvar,
1999).
At week 12, there was a 5.2mm downward VAS shift

in mean stimulus-response curve of milnacipran
compared to the placebo curve (p¼ 0.11). This occurred
over the entire range of applied pressures from pain
threshold to pain tolerance threshold (Figure 1).
Patients who had a >30% reduction of pain over the

treatment period (measured by average weekly pain
intensity on VAS) were defined as pain responders. A
subanalysis showed that milnacipran pain responders
(n¼ 21) compared to milnacipran pain non-responders
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(n¼ 23) had shorter duration of chronic pain
at baseline (84.6 and 168.8months respectively,
p< 0.005). Pain sensitivity to pressure was determined
as the pressure required to produce a pain with an
intensity scored 50mm on the VAS (kPa VAS 50mm).
In pain responders on milnacipran, significantly greater
pressure was required to produce the standard level of
pain whereas this was not the case in pain responders
on placebo (Figure 2). Thus the mechanism of the
drug response appears to be different from that of the
placebo response indicating a true pharmacological
effect of the drug.
Patients who had a >30% reduction of patient

global impression of change (PGIC) were defined
as PGIC-responders. Pressure pain sensitivity was
decreased by treatment in milnacipran PGIC respon-
ders but not in placebo PGIC responders nor in
milnacipran PGIC non-responders (Figure 3). There
was a positive correlation (p< 0.01) in milnacipran
responders between the decrease in pain intensity and
the reduced sensitivity to pressure.
Brain activity in the posterior cingulum and precuneus

during repeated painful stimulation was significantly
greater (p< 0.05) after treatment with milnacipran as
compared to placebo (Figure 4). The milnacipran-
treated group also exhibited greater activity than the
placebo group in the thalamus (p¼ 0.057) and other
areas (amygdala, caudatus nucleus, anterior insula)
during repeated painful stimulation.

Fibromyalgia patients are highly sensitive to adverse
events and 87% of placebo-treated patients and 97.8%
of milnacipran-treated patients reported experiencing
at least one treatment-emergent adverse event. Most
adverse events, however, were of mild or moderate
intensity (98 and 93% in the placebo and milnacipran
groups, respectively). The most frequently reported
events in the milnacipran group corresponded to the
well-established safety profile of milnacipran (Stahl
et al., 2005).
This study was exploratory and not powered

to detect a difference in pain sensitivity between
the groups. Nevertheless a trend to a reduction of
pressure pain sensitivity in the milnacipran-treated
fibromyalgia patients compared to placebo group
was observed. This result is compatible with a
clinically relevant effect of milnacipran in decreasing
sensitivity to evoked pain in fibromyalgia patients.
The milnacipran group exhibited increased activity in
brain regions which are implicated in the descend-
ing pain modulation inhibitory network (amygdala,
caudate nucleus, anterior insula) (Freund et al., 2007;
Tracey and Mantyh, 2007), or have previously shown
decreased basal and pain-evoked activity in non-
treated fibromyalgia patients (thalamus) (Kwiatek
et al., 2000; Mountz et al., 1995). These changes were
not found in the placebo group. Increased activity of the
posterior cingulum has previously been reported after
treatment in chronic pain patients (Niddam et al., 2007).

Figure 1. Pain response to pressure stimulus after 12 weeks treatment with milnacipran or placebo. VAS, 100mm pain intensity visual analogue scale.
Dashed line—placebo-treated patients, solid line—milnacipran-treated patients. Taken from Gracely et al. (2008)
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CONCLUSIONS

The various fMRI studies carried out in fibromyalgia
patients to date all suggest that similar levels of
subjective pain intensity result in similar CNS
activation in both fibromyalgia patients and controls.

The same intensity of pressure stimulation, however,
results in a more pronounced subjective sensation of
pain and in greater brain activation in fibromyalgia
patients than in controls (Gracely et al., 2002; Jensen
et al., 2009). This increased sensitivity is not due to
increased activity of areas involved in emotional

Figure 3. Pressure pain sensitivity in PGIC (patient global impression of
change) responders before and after treatment with milnacipran or placebo.
Pressure (kPa)VAS 50mm¼ pressure required to produce a pain with an
intensity scored 50mm on the VAS. B¼ before treatment, F¼ following
treatment. Red bars¼milnacipran PGIC responders (n¼ 19), mauve
bars¼milnacipran PGIC non-responders (n¼ 17), lighter blue bars¼ pla-
placebo PGIC responders (n¼ 15), dark blue bars¼ placebo PGIC non-
responders (n¼ 23). Taken from Kosek et al. (2008)

Figure 4. An example of increased fMRI activity evoked by painful stimulation after milnacipran treatment as compared to placebo treatment. The precuneus
is indicated by the intersecting blue lines in the sagittal, coronal and axial sections. Quantification of activity (increasing from dark red, through orange to
yellow) is shown in the bar on the right. Taken from Gracely et al. (2008)

Figure 2. Pressure pain sensitivity in responders before and after treat-
ment with milnacipran or placebo. Pressure (kPa)VAS 50mm¼ pressure
required to produce a pain with a standard intensity scored as 50mm on the
VAS. Thus increased (kPa)VAS 50mm values indicate a decreased sensi-
tivity to pain. B¼ before treatment, F¼ following treatment. Red
bars¼milnacipran (n¼ 12), blue bars¼ placebo (n¼ 12). Taken from
Kosek et al. (2008)
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reactions (Jensen et al., 2009). Fibromyalgia patients
do, however, appear to have decreased activity in brain
regions implicated in the descending pain inhibitory
pathways, such as rACC and thalamus (Jensen et al.,
2009). These results strongly suggest that the lower
pain threshold of the nociceptive system in fibro-
myalgia patients is due to decreased activity of the
descending inhibitory pathways. This hypothesis is
supported by the results with milnacipran, which has
been demonstrated to produce clinically relevant pain
reduction in fibromyalgia patients (Spaeth and Briley,
2009). Fibromyalgia patients treated with milnacipran
who exhibited a reduction in pain sensitivity showed an
increased activity in brain regions implicated in the
descending pain inhibitory pathways compared to
placebo-treated patients (Gracely et al., 2008).
These studies demonstrate the potential of fMRI

in investigating the neuronal pathways involved in
the enhanced sensitivity to pain in fibromyalgia.
In addition it is clearly a valuable technique for
demonstrating the objective effects of drugs in the
treatment of fibromyalgia and in elucidating their
mechanism of action.
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