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Tasks performed in the scanner are
minimally different
Motor task

been shown to overlap with many regions related
to emotional processing (Critchley, 2000) and
chronic pain (Geha, 2008).
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•Autonomic

signaling has been proposed as a
non-subjective and quantifiable method to study
emotional processing (James 1894). Analysis of
these signals may allow us to differentiate
between pain conditions.
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• Autonomic

•We show differences in brain regions related to
autonomic control as well as patterns of
autonomic activity depending on pain condition.

METHODS

Tasks performed in the scanner required similar movements. Each task
was performed by following visual cues presented on a screen. The motor task
(3 minutes) required subjects to tap their index finger and thumb together at 2
Hz as a checkerboard flashed and remain still during the red dot. For the visual
task (10 minutes), subjects to rated the height of a moving bar by spacing the
index finger and thumb accordingly. Cardiac demands for each task were
identical (panel 3).
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Brain regions related to heart rate
control are activated differently during
spontaneous pain
Back pain patients
Motor task

signals from all subjects were
recorded with ADInstruments 4/30 Powerlab
recording system and LabChart software while
subjects performed tasks (panel 1).

• Brain regions related to heart rate control were

Subject

Upper panel: Cross correlations between task time course and heart rate
differ between pain conditions. The average heart rate throughout each task
was averaged across subjects and a cross correlation was performed with each
task. The motor task cross correlation indicates that pain patients’ (subacute
n=10, chronic n=4) heart rate increases ~7 seconds following finger tapping,
while control subjects (n=14) exhibit a decrease in heart rate ~7 after finger
tapping. Differences between pain patients and healthy subjects are evident in
the visual task as well.
Lower panel: Overall cardiac behavior does not change between tasks.
Plots show mean and standard deviation of heart rate for 14 control subjects for
3 different tasks. Each subject exhibited consistent cardiac behavior across
tasks. This indicates that the change in brain activation associated with each
task is not due to overall changes in cardiac behavior.

4

• Functional

images were obtained with a 3T
scanner (Siemens, Germany) using spin-echo
echo-planar imaging.

Different pain conditions exhibit different
autonomic behavior
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•Cardiorespiratory measures across groups were
compared by t-test (panel 4).

• Principle

component analysis was used to
uncover
multi-dimensional
cardiorespiratory
differences between groups (panel 5).
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Principle component analysis of cardiorespiratory measurements during
the visual task. Principle component analysis (PCA) was performed on 11 of
the 20 parameters (based on a correlation matrix between all parameters, 11
of the 20 had r<0.9). They are listed in the right panel with their associated
weights in the first 2 components, which explained 62% of the variance in the
data. Notice the first component reflects more variance associated with
cardiac parameters, whereas the second component reflects more variance
associated with respiratory parameters. The subject scores for each
parameter are plotted in the left panel. The clustering for each group is
different where 9 of the 10 control subjects are grouped closely, 3 of the 4
chronic patients are spread far from the control group cluster, and 5-6 of the
10 subacute patients also deviate from the control cluster.

CONCLUSION

• Individuals who experience spontaneous pain for an
extended period exhibit supraspinal control of heart
rate that is different from pain-free subjects.

• The

temporal relation between task and autonomic
signals,
and multi-dimensional
cardiorespiratory
parameters were not the same between controls and
pain patients, where pain patients tend to exhibit more
variable cardiorespiratory measures.
though the tasks performed were minimally
different and required identical cardiorespiratory
demands, brain activation associated with heart rate
control during each task showed different patterns.

•Taken together, these results indicate that autonomic

• Temporal relationships between heart rate
task performance were compared
groups by cross-correlation (panel 3).
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Visual task

determined using FEAT (FSL software; FMRIB;
Smith et al., 2001) and were compared between
groups (panel 2).
and
between
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signals (heart rate and respiratory
rate) were collected from 1) a chronic back pain
group that has suffered back pain for an average
of at least 5 years, 2) a subacute back pain group
with symptoms lasting 3 months or less, and 3) a
healthy control group performing 2 different tasks
while
functional magnetic resonance imaging
BOLD activity was recorded.

PCA reveals distinct multi-dimensional
cardiorespiratory patterns for pain
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Principle component 2

•Brain regions related to autonomic control have
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Cardiac signals correlate differently with
tasks depending on pain condition

Correlation

INTRODUCTION
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Average activation of brain regions related to heart rate is different
across groups and tasks. Average maps representing heart rate control.
Healthy subjects (n=8) exhibit a typical activation pattern for motor tasks that
includes the anterior insular cortex (IC), prefrontal cortex (PFC), anterior
cingulate cortex (ACC) and cerebellum. Back pain patients (n=12), however,
exhibit increased cerebellar and visual cortex activity, along with some PFC,
motor cortex, and brainstem activity. The visual task shows clear differences,
as well. Most notable is the much heavier activity in the hippocampus and
visual cortex, with additional caudate and brainstem activity seen in pain
patients but not in controls.

Cardiorespiratory behavior during the visual task. Bar graphs show
differences in different cardiorespiratory parameters between controls (n=10),
subacutes (n=10), and chronics (n=4) while performing the visual task. Between
group t-tests were performed for 20 different cardiorespiratory parameters and
the 3 shown above survived significance testing (p<0.05). All between-group
comparisons are significant with the exception of R-R mean (heart rate) between
controls and chronic patients.

control and function is altered in pain patients.
Additionally, control of heart rate may depend on
cognitive task demands. The study of autonomic
signals in pain patients may provide a deeper
understanding to the underlying sources of their pain.
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