
Beth Darnall, PhD
Associate Professor
Stanford University School of Medicine @BethDarnall
Anesthesiology, Perioperative and Pain Medicine
Psychiatry and Behavioral Sciences (by courtesy)           Chief Science Advisor 
Wu Tsai Neurosciences Institute (affiliated faculty)         appliedVR
http://bethdarnall.com

Expanding Rapid Access to Low-Cost Perioperative & 
Chronic Pain Care via Brief Behavioral Interventions

http://bethdarnall.com/


Contracts and Grants

• NIH / NIDA Brief digital treatment for chronic pain

• PCORI Patient-Centered Opioid and Pain Reduction 

• NIH / NCCIH  Behavioral Treatment for Chronic Pain

Chief Science Advisor: AppliedVR

Board of Directors
• American Academy of Pain Medicine
• Institute for Brain Potential

Scientific Member
• CDC Opioid Workgroup
• NIH Interagency Pain Research    

Coordinating Committee (IPRCC)

Disclosures



Behavioral Medicine for Pain

(1) Treat the full definition of pain

(2) Lowest risk treatments first

(3) Apply targeted resources to those with residual needs

(4) Engage patients as active participants in their pain care

(5) Equip patients to control their experience of pain

(6) Enhance medical, surgical, and health outcomes
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2011 IOM Report:  Relieving Pain in America

• 100 million adults
• $635 billion annually
• Erodes quality of life, 

confers suffering





IASP Definition of Pain

Pain Definition:  A noxious sensory and emotional experience
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Biological Sociological

Psychological

Experience
of Pain

The 
biopsychosocial 
model of pain 



Pain is Complex

• Context

• Meaning

• Cognition

• Emotion

• Affect

• Mood

• Attention

• Social factors

Villemure C & Bushnell MC.  Cognitive modulation of pain: how do 

attention and emotion influence pain processing? Pain (2002).





There’s nothing I can 
do about my pain. It 
is only going to get 

worse!







Descending Modulation





Poor Descending Modulation of Pain

• Shapes neural functioning / patterns1

• Shapes the brain at “rest”2-3

• Sets the stage for prolonged symptoms, chronic pain3-4

• Primes the nervous system for pain5 

1. Seminowicz and Davis. Cortical responses to pain in healthy individuals depends on pain catastrophizing 
(2014).

2. Kucyi et al.  Enhanced medial prefrontal DMN functional connectivity in chronic pain and its association 
with pain rumination (2014).

3. Jiang, Oathes, Hush, Darnall, Charvat, Mackey, Etkin. Perturbed amygdalar connectivity with the Central 
Executive and Default Mode Networks in Chronic Pain (PAIN®, 2016).

4. Picavet et al. Pain catastrophizing and kinesiophobia: predictors of chronic low back pain (2002).
5. Taub, Darnall, Johnson, Mackey. Effects of a pain catastrophizing induction on quantitatively measured pain 

perception in women with chronic low back pain (2017).
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Biological Sociological

Psychological

TREATMENT

The 
biopsychosocial 
model of pain 



Darnall BD. The Opioid-Free Pain Relief Kit ©2016. Bull Publishing.







Cognitive Behavioral Therapy for Chronic Pain

• Pain and the brain
• Mood and pain
• Sleep and pain
• Pleasant activities

• Goal setting
• Problem solving
• Movement 
• Social connection

Topics and Skills      

• Diaphragmatic Breathing
• Relaxation Response
• Cognitive Restructuring
• Mindfulness
• Meditation





There are several 
things I can do right 
now to soothe myself 
and feel better. 



Regulation of Thoughts, Emotion, Stress and Arousal is Key



Unhelpful Pain 
Mindset

Pain Relief Skills



Regular skills use:

• Dampens pain processing 

• Reduces physiological hyperarousal

• Reduces cognitive and emotional responses        

that amplify pain

• Entrains positive neural patterns

• Facilitates movement, activation

• Increases self-efficacy, internal locus of control



Pain Catastrophizing and Efficacy of 
Cognitive Behavioral Therapy

• Increases prefrontal gray matter in patients with chronic pain 
Seminowicz DA, Shpaner M, Keaser ML, Krauthamer MG, Mantegna J, Dumas JA, Newhouse PA, Filippi C,   

Keefe FJ, Naylor MR. J Pain. 2013 Dec; 14(12):1573-84



Behavioral Medicine for Pain Relief

• Institute of Medicine (2011)
• National Pain Strategy (2016)
• NASEM (2019)
• Center for Disease Control and Prevention (2019)
• HHS Interagency Task Force on Best Practices in 

Pain Management (2019)



Education:  First-line treatment
CBT:  First-line treatment



• Insurance coverage
• Time
• Co-pays
• Travel
• Work / family obligations
• Pain / health
• Proximity (rural settings)
• No psychologists nearby who are trained to treat pain

BARRIERS





Addressing Pain Care Disparities with Accessible Solutions

•Meet patients where they are

•Convenient 

•Brief 

• Include the family

•Home-based

• Leverage technology



An evidence-based, single-session pain class 
that rapidly equips patients with pain 

management skills

For patients with acute and chronic pain and their families



• Developed at Stanford University

• Funded by multiple NIH institutes

• Delivered throughout the U.S. and internationally

• Two randomized efficacy trials – published results





From:  Darnall BD. The Opioid-Free Pain Relief Kit © 2016. Bull Publishing



Single-Session Skills-Based Class Reduces Catastrophizing

Time Point PCS Mean (SD)

Baseline 26.1 (10.8)

Post-Treatment Week 2 16.5 (9.9)

Post-Treatment Week 4 13.8 (9.5)

N=57
PCS = Pain Catastrophizing Scale



Single-session skills-based pain class
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Pain
Interference

Pain Behavior Fatigue Sleep
Disturbance

Effect of FCR – CHOIR Outcomes

N = 57

Darnall BD et al (2014). J Pain Res. 

Baseline to Post-Treatment Week 4:  d = 1.15



Clinical importance of post-class PCS changes  
Week 2 Week 4

N PCS Change N PCS Change

Increased PCS 5 +19.8 (21.6)% 3 +41.3 (21.6)%

No Change (<15%) 15 -1.2 (2.8)% 5 -6.5 (2.7)%

Minimally Important 
Change (15-29%)

10 -23.3 (3.2)% 12 -22.4 (4.5)%

Moderately Important 
Change (30-49%)

13 -40.6 (4.9)% 16 -38.4 (4.7)%

Substantially Important 
(>50%)

14 -61.3 (11.9)% 21 -67.2 (12.3)%



N = 263

Health Education 8-week CBT

Darnall BD et al. JAMA Network Open. 2021;4(8):e2113401.





• Pain intensity

• Pain interference

• Pain catastrophizing 

Secondary outcomes:

• Pain self-efficacy

• Pain bothersomeness

• Sleep disturbance

• Depression

• Anxiety

• Fatigue

was similar  

to 8-session CBT for improving:

Darnall BD et al. JAMA Network Open. AUG 2021;4(8):e2113401.

Study Details:

• Chronic low back pain study (N=263)
• Half had 2+ chronic pain conditions
• Results at 3 months post-treatment

Cited by the 2019 HHS Best Practices Pain Management 
Task Force as a promising and scalable treatment option





Online ER Study

Randomized Controlled Study (N=105)

• No in-person visits
• Occurred during COVID
• Enrolled 100 people in first 11 days
• Mixed etiology chronic pain
• Follow-up at 3 months post-treatment

Ziadni MS, Anderson SR, Gonzalez-Castro L, Krishnamurthy P, Darnall BD. Efficacy of a Single-

Session "Empowered Relief" Zoom-Delivered Group Intervention for Chronic Pain: Randomized 

Controlled Trial Conducted During COVID-19. (JMIR. 2021. Vol 23, No 9 (2021): September)

Online ER               Wait List 
(n=55)                     (n=50)

https://www.jmir.org/2021/9


Between group results at 3 months

N/S:  Depression, Pain Interference, Social Isolation



Certification Workshops for Healthcare Clinicians

https://empoweredrelief.com/





Dr. Maisa Ziadni

RCT of Empowered Relief in people with chronic 
pain taking daily prescription opioids

Stanford Pain Relief Innovations Lab

RCT of “Empowered Relief: On Demand” an app-based version 
that is tailored to people with opioid misuse or OUD





Meta-analysis 15 studies (N = 5046):
PC best predicts postsurgical chronic pain
Theunissen M et al. Clin J Pain 2012

PC best predicts prolonged opioid use after surgery
Helmerhorst GTT et al. J Bone & Joint Surg 2014.







Darnall BD, Ziadni MS, Krishnamurthy P, Mackey IG, Heathcote L, Taub CJ, Flood P, Wheeler A. 
“My Surgical Success”: Impact of a digital behavioral pain medicine intervention on time to opioid cessation after breast cancer surgery (May 2019, Pain Med).



Effects of My Surgical Success (MSS) 
vs HE Control in Unadjusted and 
Adjusted Model on Opioid Cessation 

N = 68 (MSS, n = 36; HE, n = 32)



Spine Surgery 

Switzerland



Behavioral Pain Medicine: Who needs it? 
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52%
Pain Reduction



Home-based VR
for chronic pain



Darnall BD, Krishnamurthy P, Tsui J, Minor JG. Self-Administered 
Skills-Based Virtual Reality Intervention for Chronic Pain: A 
Randomized Controlled Pilot Study. JMIR Formative 

Research. 2020; 4(7): July.  







The EaseVRx Program

Content Categories

Breathing-Based Biofeedback Pain Education Pain Distraction Relaxation / Interoception Mindful Escapes 62

8-Week Sequential Structure:
Weekly Narrative for Users

EaseVRx is an eight-week program which teaches the participant how to recognize and adjust cognitive, emotional, and physical 

responses to chronic pain. Dosage: 1 session per day (avg duration: 7 mins) x 56 days

Week
08

Week
07

Week
06 Journey to 

WellnessWeek
05 Moving

ForwardWeek
04 Notice the

BodyWeek
03 Shaping the 

Nervous System 

Toward Relief
Week

02 Relaxation

Week
01 Attention & 

DistractionThe Mind

& Pain ReliefBreath & Pain



Randomized, placebo-controlled trial in 

chronic low back pain
◤ N = 179;  Inclusion: 18-81 years of age; self-reported CLBP > 6 months duration and past month pain intensity > 4/10

◤ Recruitment: Online recruitment; Blinding: Participants and analysts; Randomization: 1:1; no blocking applied

EaseVRx (n=94): Multimodal, skills-based, pain relief

VR program (56 sessions - 1 per day)

Sham VR (n=94): Non-immersive, non-interactive 2D 

nature footage & neutral music (56 sessions - 1 per day)





Privileged and Confidential.

Program Adherence

n=149* # Experiences

EaseVRx (N=77) 43.30

Sham VR (n=72) 48.06

p 0.17

◤ Participants were highly engaged, completing 

77% or more of EaseVRx and Sham VR programs

◤ On average, EaseVRx participants completed 

5.4 sessions per week; Sham VR participants 

completed 6.0 session per week.

*Based on devices that have been returned 

and/or connected to wifi



Privileged and Confidential.

Usability Ratings
◤ Participants rated high usability for both interventions, which leveraged the same software interface. 

◤ EaseVRx was rated 84.33 on the System Usability Scale which is considered an A+ in usability according 

to industry benchmarks

◤ There was no statistical significance between groups

SUS

EaseVRx mean 84.33

Sham VR mean 81.16

p value 0.24

Effect Size 

EaseVRx vs. Sham VR
0.22

INTERNET BROWSER



Privileged and Confidential.

Efficacy: 

67



Privileged and Confidential. 68

Pain Intensity 
PRIMARY ENDPOINT

In the past 24 hours, 

how would you rate your pain on AVERAGE?

◤ Clinically meaningful percentage change 
on average pain intensity from baseline to 
post-treatment for both groups 
(-41% EaseVRx vs. -23% Sham VR) 

◤ Between group difference was significant 
(p = 0.0006)



Privileged and Confidential.

Pain Interference 
with Activity 

PRIMARY ENDPOINT

69

◤ Clinically meaningful percentage change 
on activity interference from baseline to post-
treatment for both groups 
(-48% EaseVRx vs. -32% Sham VR) 

◤ Between group difference was significant 
(p = 0.008)

Select the number that describes how, during the past 24 hours, 

pain has interfered with your ACTIVITY.



Privileged and Confidential.

Pain Interference with 
Sleep 

Primary Endpoint

70

◤ Clinically meaningful percentage change 
on activity interference from baseline to post-
treatment for both groups 
(-51% EaseVRx vs. -38% Sham VR) 

◤ Between group difference was not significant 
(p = 0.2)

Select the number that describes how, during the past 24 hours, pain has 

interfered with your SLEEP.



Privileged and Confidential.

Pain Interference 
with Mood 

PRIMARY ENDPOINT

71

◤ Clinically meaningful percentage change 
on mood interference from baseline to 
post-treatment for both groups 
(-55% EaseVRx vs. -37% Sham VR) 

◤ Between group difference was significant 
(p = 0.033)

Select the number that describes how, during the past 24 hours, pain has 

interfered with your MOOD.



Privileged and Confidential.

Pain Interference with 
Stress 

PRIMARY ENDPOINT

72

◤ Clinically meaningful percentage change on 
stress interference from baseline to post-
treatment for both groups 
(-57% EaseVRx vs. -37% Sham VR) 

◤ Between group difference was significant 
(p = 0.025)

Select the number that describes how, during the past 24 hours, pain has 

interfered with your STRESS.



Privileged and Confidential.

Summary of Primary Endpoints

◤ EaseVRx demonstrated clinically meaningful outcomes (≥ 30% change from baseline to post) across 
each primary endpoint, with large within-group effect size. 

◤ % Change from Baseline to Post  (per protocol analyses)

Pain Activity Sleep Mood Stress

EaseVRx (n=84) -41.6 -48.9 -51.7 -55.7 -57.0

ShamVR (n=84) -23.5 -32.1 -38.1 -36.9 -37.4

between group p <.001 .006 .2 .03 .02

EaseVRx Effect Size

(baseline:post)
1.3 1.3 0.95 1.19 1.2



Privileged and Confidential.

Durability of Effects at 3 months post-treatment
Stress

Mood

Sleep

Activity

IntensityPercent Pain Reduction from Pre-Treatment to End of Treatment, 1 month follow-up, 

2 month follow-up and 3 month follow-up Post Treatment

A clinically 

meaningful 

pain intensity 

reduction of 

30%+

A clinically 

meaningful 

pain intensity 

reduction of 

30%+

Garcia L, Birckhead B, Krishnamurthy P, Sackman J, Mackey IG, Louis R, Salmasi V, Maddox WT, Darnall BD. Double-blind, randomized, placebo-controlled 

trial of  8-week self-administered at-home behavioral skills-based virtual reality (VR) for chronic low back pain: 3-month follow-up results. (in development)



Vs

What’s better for home-based management of chronic 
pain among rural Americans?



Expanding Access to Behavioral Pain Medicine 

(1) Treat the full definition of pain

(2) Lowest risk treatments first

(3) Apply targeted resources to those with residual needs

(4) Engage patients as active participants in their pain care

(5) Equip patients to control their experience of pain

(6) Enhance medical, surgical, and health outcomes



Addressing Pain Care Disparities with Accessible Solutions

•Meet patients where they are

•Convenient 

•Brief 

• Include the family

•Home-based

• Leverage technology
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