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Central Mechanisms In

Complex Regional Pain
Syndrome (CRPS)

as a pathological response to injury.

Established diagnostic criteria are listed in
Table 1." CRPS type 1 (no underlying neural
injury) occurs with an incidence of 825 / 100,000
with about 75% of cases spontaneously resolving
within 1 year** CRPS type 2 may result from any
neural injury,but is seen in the UK most common-
ly in patients with diabetes, stroke and traumatic
nerve injury. Efficacious treatments include
steroids, bisphosphonates, nerve-altering adjunct
analgesics (e.g. gabapentin), physical and desen-
sitisation therapies. Nerve blocks help some
patients. Many patients, despite these treatments,
have intractable pain with associated loss of func-
tioning and quality of life. Novel therapies are
used including intravenous ketamine, intravenous
immunoglobulin, tumour necrosis factor (TNF)
blockers, thalidomide and intrathecal baclofen.
Innovative rehabilitation techniques such as
motor imagery programmes, mirror visual feed-
back and sensory discrimination techniques may
also help.** Several mechanisms, both peripheral
and central, are thought to contribute to the
development and propagation of pain in this con-
dition. This review focuses on the brain in
patients with CRPS, in particular the symptoms
and signs most likely due to brain changes; func-
tional imaging studies to support this; and finally
putative mechanisms contributing to the propa-
gation of pain.

CRPS is poorly defined and usually occurs

Table 1: International Association for
the Study of Pain’s (IASP) Diagnostic
Criteria for CRPS.'

1 Presence of an initiating noxious event,
or a cause of immobilisation*.

2 Continuing pain, allodynia, or hyperalge-
sia in which the pain is disproportionate
to any known inciting event.

3 Evidence at some time of oedema,
changes in skin blood flow or abnormal
sudomotor activity in the region of the
pain.

4 This diagnosis is excluded by the exis-
tence of other conditions that would
otherwise account for the degree of pain
and dysfunction.

*Not required for the diagnosis

Clinical findings to suggest brain
involvement in patients with CRPS

Patients with chronic (typically more than 1 year)
CRPS1 have disorders in their body perception.® It
is unknown how prevalent these clinical features
are in patients with CRPS of shorter duration or
how frequently they occur in other diseases of
the nervous system or chronically painful condi-
tions such as arthritis. The main features are sum-
marised in Table 2.

Most frequently patients with CRPS demon-
strate macro- and microsomatognosias (distorted
body part size when asked to draw or match a
visual image). The majority of chronic cases also
have digit misperception (finger agnosia) when
they cannot identify correctly a touched finger
with their eyes closed.” Finger agnosia was origi-
nally described by Gerstmann in 1924 in a group
of patients who also had dyscalculia, left-right
confusion and agraphia. They all had lesions in
the dominant parietal lobe involving the angular
gyrus. Finally, patients with CRPS1 demonstrate
somatoparaphrenia or a ‘neglect-like’ state: they
have fixed negative beliefs towards their limb; dis-
sociation and depersonalisation (they assign
ownership elsewhere (“my hand’s not mine”,“my
leg feels like an alien”); and an autotomy-wish
where they desire it to be removed.

Body scheme is an “organised model of our-
selves”.® It is a sub-conscious representation of
the body’s position in space. It is related to, but
different from, body image which is a conscious
representation of the body’s position from the
outside. Body scheme may be understood as part
of a neuropsychological theoretical model of
‘executive action’ whereby non-routine tasks that

Table 2: Symptoms and signs
suggesting brain involvement in
patients with CRPS.*’

» Hostile feelings directed towards the
limb, including a desire to get rid of it

» Dissociation from the limb (not feeling as
if it belongs to them)

« Disparity between what is apparent and
what is felt

o Altered awareness of limb position
e Changes in conscious attention
» Distorted mental image of affected parts

¢ Digit misperception
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require decision-making and self monitoring
are performed - i.e. the Supervisory
Attentional System.” It receives contributions
from touch, proprioception, vision and motor
commands.The body scheme has seven prop-
erties.” It is spatially coded, modular, updated
with movement, interpersonal and
supramodal, i.e. integrates the different inputs
from primary processing. It is adaptable. For
example, in monkeys using tools, visual recep-
tive fields of bimodal neurons that previously
were linked to hand position become active
when vision is directed towards the tip of a
tool, or even the visual representation of the
tool on a video monitor." Finally the body
scheme is internally coherent to ensure a con-
tinuity of body experience. For example, an
illusory extension of the elbow is experienced
when the biceps tendon is vibrated while the
forearm is held at a fixed angle.If a blindfold-
ed subject holds his nose during this proce-
dure, the nose is perceived to grow in length
(Figure 1)." Associative cortex, particularly the
parietal lobes, is involved in this representa-
tion of the body scheme.

Brain changes in patients with CRPS
Functional imaging studies provide evidence
for cortical reorganisation in the primary
somatosensory (S1) and motor cortex of
patients with CRPS1. The extent of functional
activity in these areas is correlated with the
severity of the pain. Functional activity nor-
malises following successful treatment and
pain resolution. For example, Maihofner et al.
(2004) found that the extent of the S1 cortex
representing the painful upper limb differed to
that for the contralateral cortex representing
the pain-free side in patients with unilateral
upper limb CRPS1.” Symmetry of these mag-
netoencephalographic functional maps was
restored following successful treatment meas-
ured by pain reduction (Figure 2).Such corti-
cal reorganisation has an important role in
maintaining pain memories suggested by the
fact that the amount of cortical reorganisation
is correlated with the chronicity and severity
of pain in conditions such as fibromyalgia and
chronic low back pain."

Central mechanisms

As pain is reported as a conscious experience
it is helpful to understand the complex nature
of consciousness. It is proposed that con-
sciousness is an 'emergent property' of the
brain's functioning.” The brain may be
thought of as a complex system that is com-
posed of separate parts, each of which has a
set of internalised rules. The interaction of
these separate parts occurs in a non-linear
fashion and generates emergent properties
that are best studied at a systems level. Another
example of a complex system is the combus-
tion engine, each part having a separate func-
tion. Linking the separate parts together gener-
ates the emergent property of power. Any
change to an individual part of the engine
may have unexpected effects on power out-
put. In the brain, perceptual categorisation of
sensory information combined with value-cat-
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Figure 1: The arrow in the left figure indicates the placement of the vibrator in the physical test situation. Blindfolded subjects

experienced their arms extend. In the right, cartoons illustrate

the subjective experiences. Most felt their nose elongating, oth-

ers experienced their fingers elongating but not their noses; a few experienced both elongating (Adapted from Lachner).”

acute CRPS

Figure 2: Cortical reorganisation in the primary somatosensory

after treatment

area (S1) in patients with upper limb CRPS.

Overlapping representations of thumb (D1) and little finger (D5) resolve following successful treatment.”
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Figure 3: Pathways illustrating neuromatrix representing pain in humans.”

egory memory may change the emergent
property of conscious ‘qualia-space’.” It is
within this conceptual framework that the sen-
sation of pain may be understood.

The distributed neural matrix active during
the experience of pain is summarised in
Figure 3.This has been mapped under experi-
mental conditions and is based on neurophys-
iological, neuroanatomical and functional

imaging studies.'*” Nociceptive input is
processed by the brain in at least two parallel
pathways simultaneously. In general, the later-
al pathway (shown in red) contains sensory
discriminatory information allowing localisa-
tion and characterisation of the nociceptive
stimulus. This pathway therefore processes the
sensory-discriminative components of pain.
The evolutionary older medial pathway
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(shown in purple) processes affective informa-
tion and has influence on cognitive functions
concerning pain such as attention. It also has
obvious effector pathways enabling both rapid
and prolonged changes in the periphery via the
sympathetic nervous system and hormonal
release via the hypothalamus. This pathway
therefore processes the affective-motivational
components of pain.

What are the mechanisms for pain in patients
with CRPS? Monitoring for incongruence
between predicted and actual body states is an
important function of the adaptive central nerv-
ous system. It has been hypothesised that senso-
rimotor incongruence involving vision, proprio-
ception, touch and motor programmes gener-
ates pain in an analogous fashion to seasickness
where incongruent vestibular, proprioceptive,
visual and motor programmes generate nausea
and even vomiting.” By generating such somaes-
thetic incongruence using a mirror and mis-
matched bilateral movements in healthy volun-
teers, a proportion (66%) described uncomfort-
able feelings including pain."” Pain is relieved for
some patients with CRPS by placing their affect-
ed limb behind a mirror and performing congru-
ent bilateral movements while looking at the
reflection of their unaffected limb." It has been
demonstrated that sensorimotor incongruence
activates an area in the right dorsolateral pre-
frontal cortex.” However, verbal semantic, visual
and auditory congruence monitoring consis-
tently involves the anterior cingulate cortex
(ACC), albeit different areas within the ACC
depending on experimental conditions.”

CRPS is associated
with a neglect-like
syndrome and

neurological signs

The connectivity neuromatrix (Figure 3)
demonstrates that both the lateral prefrontal
cortex and parietal cortex have input to the
ACC. This provides an anatomical opportunity
for potential disruption to sensorimotor congru-
ence monitoring, body scheme and autonomic
outflow in the same location.” ACC activation is
important in modifying autonomic outflow
responses, particularly the sympathetic nervous
system, enigmatically linked to CRPS, a condi-
tion previously known as reflex sympathetic
dystrophy. Furthermore, the ACC is involved in
motor selection responses for noxious stimuli
and learning associated with the prediction and
avoidance of noxious stimuli.

Case reports of patients with lesions involv-
ing the ACC illustrate contralateral hemibody
neglect that can be corrected when the affect-
ed side is placed in the unaffected visual
field.” Monkeys with unilateral cingulate
lesions demonstrate motor neglect.”
Performing cingulumotomies in patients with
chronic pain produces a loss of emotional dis-
tress, even though the patients still reported
that they were in pain — its meaning did not dis-
tress them.?! Further research into the specific
role of the ACC, particularly Brodmann area 24,
in the generation of pain, and pain-associated
or learned behaviours may allow a better
understanding of the neural basis for the
bizarre, but consistent, clinical findings in
patients with CRPS. Data from such research
may illuminate potential therapeutic targets to
allow extinction of maladaptive learning and
normalisation of cortical function with the
associated benefit of pain relief.

Conclusion

Patients with CRPS have abnormalities in body
scheme and perception in addition to abnor-
malities in their peripheral tissues, nociceptive
nerves and psychologic functioning when com-
pared to healthy controls. Imaging studies
demonstrate cortical reorganisation in areas
involved in body perception. In combination
these abnormalities may generate brain states
that patients report as pain. Potential central
mechanisms include sensorimotor incongru-
ence and neuroplasticity and it is likely that the
ACC has a pivotal role in this condition. @
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