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Abstract

Acceptance and Commitment Therapy (ACT) has been effectively utilized to treat both chronic
pain and substance use disorder independently. Given these results and the vital need to treat the
comorbidity of the two disorders, a pilot ACT treatment was implemented in individuals with
comorbid chronic pain and opioid addiction. This pilot study supported using neurophysiology to
characterize treatment effects and revealed that, following ACT, participants with this comorbidity
exhibited reductions in brain activation due to painful stimulus and in connectivity at rest.
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1. Introduction

Finding a treatment for the relatively high comorbidity of chronic pain and opioid addiction
(OA) is a complex but necessary endeavor (Clark et al., 2008; Hgjsted and Sjagren, 2007;
Noble et al., 2010; Potter et al., 2008). Acceptance and Commitment Therapy (ACT) has
effectively treated patients with either chronic pain or addiction but has not been used to
treat their comorbidity (Jensen et al., 2012; Luoma et al., 2012; McCracken and Gutiérrez-
Martinez, 2011). Chronic pain and addiction separately affect brain structure, function, and
regional connectivity (Lee et al., 2005; Napadow et al., 2010; Smallwood et al., 2013;
Upadhyay et al., 2010), and neurophysiological changes can occur in patients across
treatments (Napadow et al., 2012). We report the first study to assess ACT in pain and
addiction comorbidity using fMRI to evaluate neurophysiological alterations across the

"Corresponding author at: National Institute of Neurological Disorders and Stroke, 10 Center Drive MSC 1404, Bethesda, MD
20892-1404, USA. rachel.smallwood@nih.gov.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Smallwood et al.

Page 2

treatment. We hypothesize that there will be differences in pain-related activation and in
resting state (RS) connectivity between pain regions and the default mode network (DMN)
in the ACT group post-treatment compared with pre-treatment and with a control group.
With this pilot, we aim to provide proof of concept that ACT induces neural changes in
patients with comorbid chronic low back pain (CLBP) and OA.

2. Methods

3. Results

Twenty-five patients with CLBP persisting >12 months who were enrolled in opioid
replacement therapy for OA and met DSM-1V criteria for opioid dependence were
randomized into one of two groups for 8 sessions over 4 weeks. Six patients completed the
chronic pain-focused ACT group (4 males; mean+SD age: 43.5+11.5 years) and six the
health education control (HEC) group (3 males; 49.7+7.1 years). Brain MRI data were
obtained at rest and during painful stimulation; pain was delivered via pressure on the
thumbnail in eight 5-second triplets at a pressure that subjects rated as 40/100 on a pain
scale. The following behavioral variables were collected: Acceptance and Action
Questionnaire-11 (AAQ-II; Bond et al., 2011) measuring psychological flexibility,
Mindfulness Attention Awareness Scale (MAAS; Brown and Ryan, 2003) measuring
mindfulness, Roland Morris Disability Questionnaire (RMDQ); Roland and Morris, 1983)
measuring disability due to back pain, and three 10-point scale numerical ratings (0-9) —
pain intensity, pain interference, and opioid craving. SPM8 (http://www.fil.ion.ucl.ac.uk/
spm/) in MATLAB was used to preprocess and analyze fMRI data.

Seed regions of interest (ROIs) for RSTMRI were selected based on published literature to
form two networks: regions involved in pain processing and DMN (Watanabe et al., 2013).
The Pearson’s correlation coefficients between all ROI time series were transformed into
Fisher’s Z for comparison. The following ROIs were seeded as 5mm-radius spheres: insula
(Ins), posterior cingulate cortex (PCC), primary somatosensory (S1), secondary
somatosensory (S2), amygdala (Amyg), thalamus (Thal), anterior cingulate cortex (ACC),
prefrontal cortex (PFC), superior frontal gyrus (SFG), inferior temporal gyrus (ITG),
parahippocampal gyrus (Para), and lateral parietal (lat Par). Further localization is specified
with right and left (R and L) hemispheric designation, and posterior (p), superior (s/sup),
inferior (i/inf), anterior (a), middle (m), anteromedial (am), and ventromedial (vm).

Following treatment, ACT completers exhibited decreased activation during pain compared
with HEC completers in middle frontal gyrus, inferior parietal lobule, insula, ACC, PCC,
and superior temporal gyrus (Figure 1A, p<0.001 uncorrected). RS connectivity showed
alterations in the ACT group from pre-treatment to post-treatment and in the ACT group
post-treatment compared with the HEC group post-treatment (Figure 1B&C, p<0.05
uncorrected). The ACT group post-treatment had decreased connectivity compared with pre-
treatment and with the HEC group post-treatment, except in three connections that were
higher post-treatment than pre-treatment: LITG-infPCC, amPFC-vmPFC, and RsPCC-
Rplns.
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Reduced activation in regions commonly involved in pain processing indicates that ACT
may decrease the brain’s responsiveness to painful stimuli in patients with comorbid CLBP
and OA. Jensen et al. (2012) found the opposite effect following ACT treatment of chronic
pain, with activity increases. However, their diagnosis was fibromyalgia; there are likely
distinct pain processing patterns between the two disorders, and addiction comorbidity and
daily methadone use further differentiate the groups.

Overwhelmingly, the ACT group had decreased connectivity at rest post-treatment compared
with pre-treatment and with the HEC group. They also had more differing connections and
stronger differences in those connections in the DMN than in the pain network. This
suggests ACT may target DMN function at rest more than connectivity between pain-related

regions.

Mindfulness-based approaches to treatment are gaining popularity and are effective at
treating a variety of psychological conditions (Khoury et al., 2013). This pilot study is
important because it is the first to demonstrate neurophysiological effects following the
mindfulness-based treatment ACT in patients with CLBP and OA comorbidity. The primary
limitation of this study is the small sample size; because of the low N, the most conservative
corrected statistical thresholds could not be used and generalizations are difficult to draw.
Yet, our data suggest ACT can successfully alter neurophysiology in patients with comorbid
CLBP and OA. Critically, we argue that fMRI can be a powerful tool in determining the
neural mechanisms of action of ACT. ACT treatment is promising for improving patient
quality of life and understanding how that increase is reflected through changes in brain
activity and connectivity in a variety of patient groups.
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e We implement Acceptance and Commitment Therapy in opioid addicts with

»  We use functional MRI before and after treatment to investigate neural changes.

« Decreases in brain activation during pain induction post-treatment were

»  Connections between brain regions at rest decreased across treatment.

Highlights

chronic pain.

observed.
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Figure 1.
(A) Regions with greater activation during pain in the HEC group post-treatment than the

ACT group post-treatment (p<0.001 uncorrected). Z slice coordinate denoted in MNI
coordinates. Laterality specified by R and L on first slice. (B) Default mode network
connections during rest compared across the treatment in the ACT group (solid cyan =
decreased connectivity post-treatment; dashed cyan = increased connectivity post-treatment)
and between the HEC and ACT groups post-treatment (solid red = decreased connectivity in
ACT compared with HEC). (C) Pain region connections during rest compared across the
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treatment in the ACT group (solid cyan = decreased connectivity post-treatment; dashed
cyan = increased connectivity post-treatment) and between the HEC and ACT groups post-
treatment (solid red = decreased connectivity in ACT compared with HEC). Numbers
indicate Fisher’s Z (p<0.05 uncorrected). Numbers in brackets indicate Pearson’s R for
significant (p<0.05 uncorrected) correlations in the ACT group post-treatment at rest with
behavioral variables: green = pain intensity; magenta = pain interference; yellow = AAQ-II.
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