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INTRODUCTION \

RESULTS |

eExpectancies modulate both reported pain and responses in some brain
regions, yet the key brain circuitry that mediates expectancy effects on pain
experience has not been identified.
—Placebo expectancy manipulations: decreases in “pain matrix” regions'?,
increases in control regions, particularly rACC234
—Placebo analgesia brain-behavior correlations = between-subjects only.
—Event-related (cue-based) expectancy manipulations: modulation of pain
matrix and striatal regions’®
—Have not examined relationship between brain and pain reports.
*For a brain region or pathway to mediate expectancy effects on reported
pain, its activity must:
a) be influenced by expectancy.

b) predict trial-by-trial changes in reported pain, even within a single level
of noxious stimulation.

¢) statistically explain a significant portion of expectancy effects on trial-
by-trial reported pain.
*We used multi-level mediation (M3) software to test this compound
hypothesis, and to locate regions that formally mediate the relationship
between experimentally manipulated expectancy and reported pain.
*Hypotheses
1. Expectancies modulate pain reports.
Il Expectancies modulate pain matrix activity (Path a).
1ll. Pain matrix activity affects perceived pain (Path b).
IV. Expectancy effects in pain matrix regions lead to changes in perceived
pain (Mediation effect, A*B).
V. Higher order regions involved in cognitive control and value
processing also mediate expectancy effects on perceived pain.

VL. Interactions among these mediators predict perceived pain.

I. Expectancies modulate
perceived pain.

HM>LM (p<.0001), allowing
us to examine mediators of
expectancy effects on
reported pain within a single
level of noxious stimulation.
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| METHODS

18 subjects (mean age = 25.3, 9 females)
e Thermal stimulation to 4 sites on left forearm with 16mm thermode (Medoc, Inc.))
*FMRI acquisition: 1.5T GE scanner, Spiral In-Out, 29 slices, 2s TR
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(Moderate pain) -

2. Learning Task: Tones predict low or high pain, counterbalanced
across subjects; S informed of cue-pain pairings, must correctly
identify 90% of tones to proceed

s Experimental design
1. Pain calibration

3. Two conditioning runs + fMRI

4. Six experimental runs + fMRI
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1l. Path a: Expectancies

modulate brain activity
Pain Matrix - HM>LM

during pain.

R SII, R Thalamus, R Middle Insula, Bilat
Anterior Insula, Pons, Bilat Cerebellum

Other Regions - HM>LM

Amygdala/ Hypothalamus, L DLPFC, R
SMA

Other Regions - HM<LM

o
Bilat VLPFC, Bilat OFC, L DLPFC, L mPFC,
L MidCing, R Precentral and Paracentral

WHOLE BRAIN MULTI-LEVEL MEDIATION ANALYSIS
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II1. Path b: Controlling for
expectancy and temperature,
brain activity predicts
perceived pain.

A*B: Which brain regions
mediate expectancy effects on
pain perception?

Pain Matrix - increased pain

R Anterior Insula, dACC, Bilat Cerebellum,
Middle Cingulate Cortex

Other Regions - increased pain
N )
o6l )

R dmPFC, R VLPFC, R latPFC, R DLPFC,
Bilat SMA

Other Regions - decreased pain

L. Putamen, /.
Caudate t‘
% o

R. Thalamus

L. Hippocampus, medial OFC, Bilat TPJ,
Posterior cingulate cortex

1V, V. Mediation effect: Pain matrix regions and higher order
regions mediate expectancy effects on reported pain.
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IV. Pain matrix mediators

Expectancy
(HM-LM)

VI. Secondary mediation analysis: Expectancy-based interactions between pain matrix and
higher-order mediators contribute to perceived pain.

Expectancy | » Pain Matrix ! Perceived
(HM-LM) Path ¢ Mediators* | 5 Pain

Secondary Secondary L *:Actvity averaged across pain malrix mediators.
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1. Do mediators involved in a Mediation 1 b Mediation 2 2. Do higher order mediators affect
cognitive control and value- a ?a\x\O perceived pain independently of pain

processing (“higher order
mediators”) explain expectancy
effects on pain matrix mediators?

matrix mediators, or are effects on
perceived pain mediated by pain matrix
activity?

Regions whose relationship to perceived
pain was mediated by pain matrix activity

Regions that mediated expectancy effects on pain
matrix (not complete mediation):

L. dmPFC Coanitive Control Mediators | | Value-processing Mediators | (complete mediation):

L. Ventral striatum L.pgACC °R.LatPFC | -L. Putamen -L. Ventral L.pgACC L. Putamen
*L.DLPFC -L.IFG 'L.SgACC  Striatum R. Caudate L. Ventral striatum
L.DMPFC ‘RDMPFC | [:R. Caudate Mediators that explained expectancy effects

on perceived pain independent of pain
matrix activity:

‘Thick arrows depict paths identified in primary mediation (Hypoth IV).
Colored arrows depict secondary mediation analyses.
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