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resorting to this new label. Only if the question of
withdrawing active treatment arises is it necessary to
consider how to define the boundaries, and at present there
are no legal implications associated with this part of the
awareness spectrum. In summary, doctors should avoid
using this label in daily clinical practice, and it should be
reserved for research (and possibly legal) practice.
DTW assesses patients in the vegetative state to provide the legal system
with expert advice.
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Fear the pain
Patients fear pain mainly because of its aversive character.
In experimental animals a single strongly painful stimulus
can induce fear-conditioning that lasts for the animal’s
lifespan. Neither patients nor many doctors fear, however,
the long-term consequences that can arise if pain is not
adequately treated. But this nonchalance is not well
justified, as trauma, inflammation, and nerve injury can not
only evoke strong acute pain sensations but can also
sensitise the peripheral and/or the central nociceptive
system for prolonged periods.1 This sensitisation can result
in enhanced sensitivity to painful stimuli (hyperalgesia) and
in pain that is evoked by normally non-painful stimulation
(allodynia).2 Strong painful stimuli produce excessive
excitation in the spinal dorsal horn, which in turn
potentiates transmission at glutamatergic synapses between
nociceptive nerve fibres and neurons in the spinal dorsal
horn.3 Thus, pain itself is a risk factor for sensitisation and
pain chronicity. To prevent the activity-dependent synaptic
long-term potentiation it is essential to intervene at early
steps of the signal-transduction cascade so that excessive
excitation in the spinal cord is avoided.
In the clinical context effective pre-emptive analgesia can
consist of regional anaesthesia and/or analgesia with
opioids.4 General anaesthesia with volatile anaesthetics is,
however, ineffective. The signal-transduction pathways that
result in sensitisation in the spinal cord involve a rise in free
cytosolic calcium in nociceptive dorsal horn neurons and
activation of calcium-dependent enzymes that directly or via
modification of gene transcription enhance synaptic
transmission. This enhanced transmission may be due to an
array of synaptic modifications, including an increase in the
number of postsynaptic neurotransmitter receptors and
potentiation of receptor function.5 For example, at
glutamatergic synapses of nociceptive nerve fibres,
phosphorylation of ionotropic glutamate AMPA-type
(alpha-amino-3-hydroxy-5-methyl-isoxazole-4-propionicacid) receptors enhances their mean open-time and singlechannel conductance on receptor binding. Phosphorylation
of the NMDA (N-methyl-D-aspartate) type of glutamate
receptors removes the voltage-dependent magnesium block.
These phosphorylations synergistically result in increased
synaptic strength.6 At present little is known about how to
reverse long-term potentiation at nociceptive synapses—ie,
how to erase memory traces of pain. Most likely,
intervention at the latest stages of the signal-transduction
pathway will be succcessful. Dephosphorylation of
glutamate-gated ion channels could restore normal synaptic
function and normal pain sensitivity.
Results from previous studies suggest that memory traces
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in pain pathways occur by similar if not identical molecular
and cellular mechanisms as those involved in cognitive and
emotional learning.3 Long-term potentiation was first
identified at synapses in the hippocampus and later at other
brain sites including the amgydala—ie, in areas that are
implicated in cognition and emotion such as fear
conditioning.6 Synaptic long-term potentiation is now
considered a major cellular model of learning and memory
formation.7 Thus prevention and reversal of long-term
potentiation in nociceptive pathways may inevitably also
impair higher brain functions. For example, activation of
cannabinoid receptor 1 may not only attenuate hyperalgesia
and allodynia8 but also facilitate extinction of fearconditioning induced by noxious foot-shock.9
A recent study by F Wei and colleagues10 now provides
the first direct evidence that signal-transduction pathways
for pain-induced sensitisation may at some stage diverge
from those of pain-induced fear-conditioning. The
investigators measured three different effects that can be
evoked by strong noxious stimuli in animals: acute pain
responses, hyperalgesia and allodynia, and fearconditioning. They used mice that were genetically
manipulated such that the gene that encodes for calciumcalmodulin-dependent protein kinase IV (CaMKIV) was
either deleted (CaMKIV-/-) or intact (wild type). CaMKIV
activates by phosphorylating the transcription factor cyclic
AMP-responsive element binding protein (CREB) that is
centrally involved in the formation of long-term memory.11
CaMKIV-/- mice showed acute pain responses,
hyperalgesia, and allodynia that were indistinguishable from
wild-type mice. Fear-conditioning was, however, impaired
in CaMKIV-/- mice, indicating that activation of CREB via
CaMKIV is not necessary for normal and potentiated
responses to painful stimuli but is required for full
expression of cognitive memory related to a noxious
stimulus.10 This finding raises possibilities for future work to
identify selective targets to obliterate memory traces of pain.
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