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Neuroimaging of Pain




Pain is a product of the brain, brainstem and spinal cord and periphery

» 2scape planning and motivation
- integration of motor and sensory
aspects of pain

- encode intensity of pain
= receive nociceptive input
from spinal cord

+ pain affect / unpleasantness
- context-dependent influences
» cognitive control of pain
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- multisensory integration
« chronic pain: altered higher-

sensory/motor/multisensory level pain processes

pain affect/cognitive control
emotion/behavior
descending modulation

« descending pain modulation
+ chronic pain: dysfunctional
descending control of pain

« emotion, value, motivation
= chronic pain: maladaptive pain-
related emotion and behavior

- projection site of desceding

Martucci and Mackey, Anesthesiology (2018)
modulation, local modulation

Mercer, Chen, Gilam, Scherrer and Mackey, Science Translational Medicine (2021)
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Brain imaging tests for chronic pain:
medical, legal and ethical issues and
recommendations
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Potential misuses of pain biomarkers
* Consequences of false-negative findings
* Doctor—patient, employee—patient, family—patient trust issues
* Denial of medical treatment or insurance coverage
* Mental health, stress, spousal and/or family issues
* Financial, insurance and employment issues
* Privacy and legal (for example, medical malpractice) issues
* Consequences of false-positive findings
* Unnecessary, costly and potentially harmful analgesic
treatment in non-communicative patients
* Human, infrastructure, financial and time resources
* Misunderstanding as a substitute for self-report
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Non-Biomarker Predictors of Pain
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* Original task force focused on traditional CONSENSUS I
biomarkers and clinical endpoints

* Emphasis on “objective” biomarkers open o

, , Discovery and validation of biomarkers
* Precluded use non-biomarker predictors to aid the development of safe and

* Opportunity to integrate additional high- ggfgcgive pain therapeutics: challenges
. : . pportunities
qguality data into modeling
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Non-Biomarker Predictor of Pain
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 Demographic predictors
* Age, sex, ethnicity and race, socioeconomic status

* Behavioral and Lifestyle Predictors
* Sleep quality, physical activity, smoking status, medication adherence, substance
use
* Social and Environmental Predictors
» Social support, work-related factors, environmental stressors, healthcare access

* Psychological predictors
* Anxiety, depression, fear-avoidance beliefs, pain catastrophizing, self-efficacy
* Trait, state, evoked
* Patient reported outcome measures (PROs or PROMs)
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Concerns about PROs for predictive modeling

e Subjectivity and Bias making less reliable

e Standardization and Reproducibility

* Alignment with mechanistic models

e Data integration challenges

* Potential for misinterpretation or overemphasis on patient experience

 Need for balance!



Classifying chronic pain using multidimensional pain-agnostic symptom assessments
and clustering analysis

Dendrogram of training dataset (n=11448) Differences between clusters across pain specific measures
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Discovery and validation of biomarkers
to aid the development of safe and
effective pain therapeutics: challenges
and opportunities
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Multimodal Pain Biomarkers
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Imaging Biomarkers

Mackey, S., et al, Innovations in Acute and Chronic Pain Biomarkers: Enhancing
Diagnosis and Personalized Therapy, Regional Anesthesia and Pain Medicine (2024)
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