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‘Pseudo-neglect’ in CRPS is closer to ‘anti-neglect’ than to classical hemi-neglect?
Attention can exert a powerful effect on the perception of pain
sensations, so much so that distraction can have an analgesic effect
on acute pain equal to that of opiates [21]. Spatial attention can
modulate heat pain detection and discrimination, as demonstrated
by studies in which a pain stimulus is presented following a cue,
which is located either on the same side as the stimulus or on
the opposite side. The cue on the opposite side leads to increased
error rates and response latencies for heat pain stimuli [2,8]. In
turn, a lateralized visual discrimination task is performed more
rapidly when it is preceded by a painful stimulus on the same side
as the visual stimulus than on the opposite side. Similarly, eye ori-
entation to the side of the painful stimulus leads to higher pain rat-
ings [18]. These results suggest that visual stimuli and painful
stimuli can interact by shifting spatial attention to one or the other
side of the body.

In this issue of PAIN, Reinersmann et al. report that the shift of
the visual subjective body midline (vSM) towards the left side was
greater in patients with complex regional pain syndrome (CRPS)
than in patients with other types of chronic pain, or in healthy con-
trols [20]. This leftward bias is referred to as ‘pseudo-neglect’ and
is interpreted to be the result of right hemispheric dominance in
spatial perception, including perceptual representation of one’s
own body (body schema). This observation may be related to the
finding that vSM deviates to the affected side in patients with CRPS
and that this effect can be reversed by nerve blockades with local
anesthetic or ischemia [23]. Other body schema abnormalities in
patients with CRPS include the finding that such patients take
longer to recognize the laterality of a hand in a picture when the
pictured hand corresponds to the laterality of the affected hand
[17].

This study adds interesting detail to the concept of CRPS, which
has evolved from a ‘‘sympathetically-maintained pain’’ to a syn-
drome of sensory-motor-autonomic dysfunctions [1]. Reinersmann
et al. demonstrated that the shift in visual subjective midline was
specific to CRPS vs. other upper limb pain syndromes. However, the
relationship of the term ‘pseudo-neglect’ as used in this paper to
the classical hemi-neglect is uncertain.

Hemi-neglect is failure of a subject ‘to report, respond, or orient
to meaningful stimuli contralateral to the brain lesion’ [10]. Visual
spatial hemi-neglect is most commonly observed after lesions of
the right parietal cortex, but can also occur after right sided lesions
of the prefrontal cortex, the superior temporal gyrus, the frontal
operculum, or the thalamus [12,25]. The phenomenon of extinction
is considered to be a subtle form of neglect [10,11], which is mea-
sured by a dual simultaneous stimulation (DSS) protocol. Extinc-
tion is the failure to report stimuli on the affected (left) side of
the body when an identical simultaneous stimulus occurs on the
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opposite (right) side, but not when the stimulus is presented on
the affected side alone (DSS protocol) [10].

There is now evidence for thermal pain extinction following
right hemisphere strokes. In some subjects with visual spatial
hemi-neglect, thermal stimuli presented bilaterally were extin-
guished on the left side when presented in a DSS protocol [15].
In subjects with visual spatial hemi-neglect and without thermal
pain extinction, the sensation of the thermal pain stimulus on
the affected (left) side was not extinguished but was often mislo-
calized to the unaffected (right) side, and the submodality of the
stimulus (cold or hot) was often misidentified. The proportion of
subjects with thermal pain extinction, mislocalization and misi-
dentification was significantly higher in subjects with visual spatial
neglect than in healthy controls, and in controls with stroke but
without hemi-neglect.

These findings suggest that hemi-neglect due to loss of function
in the right hemisphere influences spatial discrimination and
intensity of perception of painful stimuli. In contrast, the vSM shift
(‘pseudo-neglect’) is suggested to be due to increased activity in
the right hemisphere. The bloodflow response to painful stimuli
on either side of the body is lateralized to the right side of many
structures in the brain, including the inferior parietal cortex and
dorsolateral prefrontal cortex [4]. Ipsilateral intensity-dependent
activation by painful stimuli has also been found and can also be
consistent with pain-related neglect [5,19].

Ipsilateral projections of pain pathways have also been demon-
strated for monkey thalamic [3,26], and parietal cortical neurons
by bilateral receptive fields to painful stimuli [7,13]. Some of these
neurons are multimodal and respond to the presentation of a noci-
ceptive stimulus when it is located in extra-personal space close to
the nociceptive receptive field of the neuron [6]. It is unclear to
what extent these responses to acute nociception-related stimuli
are relevant to the present study of chronic pain, but peripheral
pain generators in CRPS may lead to the activation of neurons in
the right parietal lobe [22].

Performance of a task requiring identification of the mid-sagit-
tal plane leads to activation of the posterior parietal cortex bilater-
ally, which is greater in the right hemisphere [9,24]. Thus, one may
speculate that pain-related activation of the right parietal lobe may
increase a leftward bias of spatial attention. This seems to be con-
trary to a study in which stimulation of right parietal cortex was
carried out in patients with implanted grids for seizure monitoring.
This stimulation produced transient hemi-neglect of the left side,
and not the leftward bias which might be predicted by the phe-
nomenon of ‘pseudo-neglect’ [14]. It may be that stimulation facil-
itates simple behaviors but disrupts complex behaviors such as
spatial attention [16].
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In summary, the data presented by Reinersmann and colleagues
add interesting detail to our understanding of the changes in body
representation in the brain of patients with CRPS. The term ‘pseu-
do-neglect’, however, may be slightly misleading since it suggests a
similarity to classical hemi-neglect, a perspective that we do not
believe is supported by the currently available data. We suggest
using the framework of spatial attention instead, which will place
these phenomena in the context of the cognitive-evaluative com-
ponent of pain perception.

Conflict of interest statement

None of the authors has a conflict of interest with respect to this
commentary.

References

[1] Bruehl S, Harden RN, Galer BS, Saltz S, Bertram M, Backonja M, Gayles R, Rudin
N, Bhugra MK, Stanton-Hicks M. External validation of IASP diagnostic criteria
for Complex Regional Pain Syndrome and proposed research diagnostic
criteria. PAIN� 1999;81:147–54.

[2] Bushnell MC, Duncan GH, Dubner R, Jones RL, Maixner W. Attentional
influences on noxious and innocuous cutaneous heat detection in humans
and monkeys. J Neurosci 1985;5:1103–10.

[3] Casey KL. Unit analysis of nociceptive mechanisms in the thalamus of the
awake squirrel monkey. J Neurophysiol 1966;29:727–50.

[4] Coghill RC, Gilron I, Iadarola MJ. Hemispheric lateralization of somatosensory
processing. J Neurophysiol 2001;85:2602–12.

[5] Coghill RC, Sang CN, Maisog JM, Iadarola MJ. Pain intensity processing within
the human brain: a bilateral, distributed mechanism. J Neurophysiol
1999;82:1934–43.

[6] Dong WK, Chudler EH, Sugiyama K, Roberts VJ, Hayashi T. Somatosensory,
multisensory, and task-related neurons in cortical area 7b (PF) of
unanesthetized monkeys. J Neurophysiol 1994;72:542–64.

[7] Dong WK, Salonen LD, Kawakami Y, Shiwaku T, Kaukoranta EM, Martin RF.
Nociceptive responses of trigeminal neurons in SII-7b cortex of awake
monkeys. Brain Res 1989;484:314–24.

[8] Dowman R. Electrophysiological indices of orienting attention toward pain.
Psychophysiology 2004;41:749–61.

[9] Galati G, Lobel E, Vallar G, Berthoz A, Pizzamiglio L, Le BD. The neural basis of
egocentric and allocentric coding of space in humans: a functional magnetic
resonance study. Exp Brain Res 2000;133:156–64.

[10] Heilman KM, Watson RT, Valenstein E. Neglect and related disorders. In:
Heilman KM, Valenstein E, editors. Clinical neuropsychology. New
York: Oxford; 1993. p. 279–336.

[11] Hillis AE, Chang S, Heidler-Gary J, Newhart M, Kleinman JT, Davis C, Barker PB,
Aldrich E, Ken L. Neural correlates of modality-specific spatial extinction. J
Cogn Neurosci 2006;18:1889–98.

[12] Hillis AE, Lenz FA, Zirh TA, Dougherty PM, Eckel TS, Jackson K. Hemispatial
somatosensory and motor extinction after stereotactic thalamic lesions.
Neurocase 1998;4:21–34.

[13] Kenshalo DR, Iwata K, Sholas M, Thomas DA. Response properties and
organization of nociceptive neurons in area 1 of monkey primary
somatosensory cortex. J Neurophysiol 2000;84:719–29.
[14] Kleinman JT, Sepkuty JP, Hillis AE, Lenz FA, Heidler-Gary J, Gingis L, Crone NE.
Spatial neglect during electrocortical stimulation mapping in the right
hemisphere. Epilepsia 2007;23:2365–78.

[15] Liu CC, Veldhuijzen DS, Ohara S, Winberry J, Greenspan JD, Lenz FA. Spatial
attention to thermal pain stimuli in subjects with visual spatial hemi-neglect:
extinction, mislocalization and misidentification of stimulus modality. PAIN�

2011;152:498–506.
[16] McIntyre CC, Savasta M, Kerkerian-Le Goff L, Vitek JL. Uncovering the

mechanism(s) of action of deep brain stimulation: activation, inhibition, or
both. Clin Neurophysiol 2004;115:1239–48.

[17] Moseley GL. Why do people with complex regional pain syndrome take longer
to recognize their affected hand? Neurology 2004;62:2182–6.

[18] Naveteur J, Mars F, Crombez G. The effect of eye orientation on slowly
increasing pain. Eur J Pain 2005;9:79–85.

[19] Rainville P, Bushnell MC, Duncan GH. PET studies of the subjective experience
of pain. In: Casey KL, Bushnell MC, editors. Pain imaging, vol. 18. Seattle: IASP
Press; 2000. p. 123–56.

[20] Reinersmann A, Landwehrt J, Krumova EK, Ocklenburg S, Güntürkün O, Maier
C. Impaired spatial body representation in complex regional pain syndrome
type 1 (CRPS I). PAIN� 2012;153:2174–81.

[21] Scharein E, Bromm B. The intracutaneous pain model in the assessment of
analgesic efficacy. Pain Rev 1998;5:216–46.

[22] Shiraishi S, Kobayashi H, Nihashi T, Kato K, Iwano S, Nishino M, Ishigaki T,
Ikeda M, Kato T, Ito K, Kimura T. Cerebral glucose metabolism change in
patients with complex regional pain syndrome: a PET study. Radiat Med
2006;24:335–44.

[23] Sumitani M, Shibata M, Iwakura T, Matsuda Y, Sakaue G, Inoue T, Mashimo T,
Miyauchi S. Pathologic pain distorts visuospatial perception. Neurology
2007;68:152–4.

[24] Vallar G, Lobel E, Galati G, Berthoz A, Pizzamiglio L, Le BD. A fronto-parietal
system for computing the egocentric spatial frame of reference in humans. Exp
Brain Res 1999;124:281–6.

[25] Watson RT, Valenstein E, Day A, Heilman KM. Posterior neocortical systems
subserving awareness and neglect. Neglect associated with superior temporal
sulcus but not area 7 lesions. Arch Neurol 1994;51:1014–21.

[26] Whitlock DG, Perl ER. Thalamic projections of spinothalamic pathways in
monkey. Exp Neurol 1961;3:240–55.

J.D. Greenspan
Department of Neural and Pain Sciences,

University of Maryland Dental School,
Program in Neuroscience, Baltimore, MD, USA

R.-D. Treede
Department of Neuroscience,

Ruprecht-Karls-University Heidelberg,
Mannheim, Germany

F.A. Lenz
Neurosurgery Department,

Johns Hopkins Hospital,
Baltimore, MD, USA

E-mail address: flenz1@jhmi.edu

mailto:flenz1@jhmi.edu

	‘Pseudo-neglect’ in CRPS is closer to ‘anti-neglect’ than to classical hemi-neglect?
	Conflict of interest statement
	References


