Editorial

Neuroimaging: How Can Clues from the Brain Help Pain

Management?

Magnetic resonance imaging (MRI) is routinely used
in the clinical setting to identify pathologies. However,
functional MRI (fMRI) can also be used to improve our
understanding of pain mechanisms, develop objective
measures of clinical pain and therapeutic outcomes
(ie, biomarkers), and even predict treatment response.’
fMRI research might act as a bridge between neu-
rophysiologic studies and clinical findings, providing
principled input for diagnosis, management, and treat-
ment.? To succeed in that ambition, however, we must
catalyze the growing awareness of these technologies
to our colleagues “at the chalkface” in pain clinics.
Exciting developments in orofacial pain and headache
fMRI research are providing us with some key findings
and new lines of investigation.

fMRI studies have focused on how the healthy
brain responds to acute, evoked noxious stimula-
tion in order to identify core pain perception cir-
cuitry. Thanks to these efforts, we now know that
regions such as the brainstem and the hypothala-
mus include important hubs for endogenous pain
control, and recent reports have described per-
turbations in these top-down modulation systems
in chronic pain conditions. For example, brainstem
functional connectivity and responses to nox-
ious orofacial stimulation in migraineurs fluctuate
throughout the migraine cycle, suggesting attacks
are not solely caused by external triggers but also
by endogenous factors.® Another good illustration
is how fMRI has highlighted the role of the hypo-
thalamus and midbrain in the generation of cluster
headache attacks,* contributing to the development
of efficacious treatments in the clinic such as mid-
brain deep brain stimulation.°Of course, one of the
hallmarks of clinical pain is not just pain in use, but
background pain that is ever-present and inescap-
able. Traditional evoked-response fMRI methods
are poorly suited to studying ongoing pain, but in
the last decade or so, alternative fMRI techniques,
namely arterial spin labeling (ASL) fMRI and rest-
ing-state fMRI, have come to the fore to meet this
need.® We have published several ASL reports of
changes in regional cerebral blood flow (fCBF) in
patients suffering from ongoing pain following third
molar extraction surgery, a model commonly used
in the development of novel analgesics as a means
of initiating moderate to severe ongoing pain. We
and other groups have demonstrated rCBF as an in-
dex of resting-state brain activity relating to ongoing
pain, showing quantifiable changes in brain regions
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including the thalamus, insula, anterior cingulate,
and somatosensory cortices.

ASL fMRI has allowed us to investigate ongoing
pain pathophysiology and improve our understanding
of the mechanisms of action of putative treatments,
pharmacologic and otherwise. Using a randomized
double-blind placebo-controlled design and an open
method of drug administration, we provided new in-
sights on the mechanism of action of treatment for
postsurgical pain with ibuprofen. Ibuprofen treatment
following third molar surgery produced increased
rCBF in descending pain control circuitry, including
the periaqueductal grey and rostral ventromedial me-
dulla, and normalized rCBF values in brain areas pre-
viously associated with the representation of ongoing
pain. Importantly, rCBF changes were unique to expe-
riencing ongoing pain, as delivering ibuprofen to the
same individuals when they were pain free resulted
in no measurable effects on brain activity.” In another
recent study on patients with cluster headache, we
demonstrated treatment-induced rCBF changes fol-
lowing greater occipital nerve blockade.® Treatment
responders showed relative increases in rCBF com-
pared to nonresponders in the medial prefrontal cor-
tex and lateral occipital cortex, but relatively reduced
rCBF in the cingulate and middle temporal cortices.
These differences between responder groups were
visible prior to treatment, offering the enticing poten-
tial of predicting treatment response.

The question of whether fMRI techniques can
help predict treatment outcomes for chronic pain is
increasingly becoming a primary line of investiga-
tion. Moreover, recent efforts have focused on iden-
tifying early signs of risk of developing chronic pain
pathology—awareness of early warning signs may
have an effect on clinical decision-making, helping
us to direct health care resources efficiently. Which
patients will benefit most from surgery, pharmacolo-
gy, and/or psychologic interventions? Resting-state
fMRI studies have provided important insights as to
how the way brain regions communicate with one
another (their functional connectivity) differs in indi-
viduals with chronic pain, as brain systems involved
in motivation switch away from attempts to escape
pain to finding ways to cope and achieve pain relief.
In an important 3-year longitudinal study,® changes
in corticolimbic functional and structural connectivity
between the nucleus accumbens, amygdala, and me-
dial prefrontal cortex differentiated, at initial clinical
presentation, between low back pain patients who
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would recover and those who would ultimately tran-
sition to suffering from persistent pain. Investigating
changes in brain connectivity is an active area for re-
search, and already we know multiple brain networks
beyond corticolimbic circuits are involved, including
but not limited to descending control and medial
temporal lobe systems.

Conventional analysis methods for fMRI data like
the ones described above are limited to inferences
from groups of individuals rather than the more de-
sirable level of a single patient. However, multivariate
machine-learning techniques do not have this limita-
tion, bringing closer the possibility of personalized
diagnostic, prognostic, and therapeutic predictions
for pain. Early machine-learning pain reports have
largely focused on predicting responses of pain in-
tensity derived during acute pain experiences evoked
in healthy volunteers.'® But that landscape is chang-
ing, and these methods are starting to be applied to
real-world patients experiencing intractable ongoing
pain. Tonic pain classifiers are being developed and
applied to clinical data that provide early indications
that multivariate fingerprints derived from healthy
volunteers may usefully translate to real-world pain
patients. Predicting treatment response also shows
early promise. A recent study evaluated patients with
fibromyalgia, reporting that brain functional connec-
tivity patterns used in a machine-learning framework
differentially predict clinical response to pregabalin
and milnacipran.' Nonetheless, we need more clin-
ical data to refine these methods and these data,
and the methods under development to analyze
them should be shared to facilitate testing across
institutions and laboratories. The OpenPain initia-
tive in the US (https://www.openpain.org) and the
new Advanced Pain Discovery Platform (https://mrc.
ukri.org/research/initiatives/advanced-pain-discov-
ery-platform-apdp/) are excellent examples of these
pioneering endeavors.

In conclusion, available neuroimaging techniques
have a promising future in early identification of brain
pathology, particularly inflammation and following
trauma. Neuroimaging offers relevant adjunctive in-
formation that can help in the clinic, but further ef-
forts are needed from clinicians and research teams
to ensure best use of these advances in our patients’
care plans. Despite the excitement generated by
these novel developments, we urge perspective. Pain
is, and always will be, experienced by an individual.
Neuroimaging measures can and should add value,
but not attempt to replace our patients’ subjective
reports.
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