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Neural correlates of pain in 
patients with disorders of 
consciousness
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Clinical entities



UWS=unresponsive wakefulness syndrome

VS=vegetative state

MCS= minimally conscious state

LIS= locked-in syndrome
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Clinical entities



Different entities

MCS*

Bodart, Gosseries & Laureys, Semin Neurol, 2013

MCS*=non-behavioral minimally conscious state

Clinical entities

Dissociation between clinical and neuroimaging 

results showing preserved higher cognitive functions



Difference between pain & nociception

Pain

“Unpleasant sensory and emotional experience 
associated with real or potential tissue damage”

“The inability to communicate verbally does not negate 
the possibility that an individual is experiencing pain 
and is in need of appropriate pain-relieving treatment.”

International association for the study of pain (IASP) Pain 1994 
and 2012
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“Pain sensation is not necessarily implied”.
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Nociception
“The neural process of encoding noxious stimuli”
(transduced and encoded by nociceptors). 
“Pain sensation is not necessarily implied”.

➔ « Pain is always subjective »
International association for the study of pain (IASP) Pain 1994 and 2012
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Challenge

No communication

➔ cannot assess pain & well-being

➔ no feedback on treatment

Associated disorders

- spasticity

- bedsores

- neuropathic pain

➔ importance to evaluate pain in DOC



Pain network

May, Nat Rev Neurol, 2009
Brooks and Tracey, J Anatomy, 2005 



Laureys et al, Neuroimage, 2002 
Laureys, Nature Reviews Neuroscience, 2005

Noxious electrical stimulation

Low level 
disconnected 
cortical activation

Pain in unresponsive wakefullness syndrom



Perception nociceptive

58  mm 34  mm 20  mm 6  mm -4 mm

Controls

Laureys et al, Neuroimage, 2002
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Pain in unresponsive wakefullness syndrom

Unresponsive
patients



Boly et al, Lancet Neurology, 2008

Pain in minimally conscious state



Markl et al. Brain & Behavior, 2013
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BUT…
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Yu et al., Neurology, 2013
Bernat, Neurology, 2013

BUT…

fMRI response to pain-
related sounds >< neutral

About 50% of clinically 
UWS patients exhibited 
reliable brain responses 
(ACC) to pain-related 
sounds



Giacino et al., Neurology, 2002 ; Schankers et al BMC, 2009

Clinical assessment

Coma Recovery Scale Revised (CRS-R)

Clinical diagnosis
30-40% of misdiagnosis



CRS-R vs FDG-PET vs fMRI

Stender & Gosseries et al, Lancet, 2014

PET

128 patients
81 MCS, 41 UWS, 4 LIS
110 chronic, 50 TBI

35% clinical misdiagnosis

33% CRS-R misdiagnosis

FDG-PET as a diagnostic tool 

75% recovered csc

PET, MRI, EEG
20-35% MCS*



(n=15)

(n=5)

Conclusions

▪ Sensitive clinical scales are warranted (CRS-R)

▪ 30% of clinically unresponsive patients are (minimally) 
conscious ➔ need of neuroimaging exams to 
complement behavioural tools

➢ Patients in MCS perceive pain

➢ About 30-50% of UWS (clinically unresponsive) 
patients present neural activity to pain (or emotional) 
stimuli suggesting pain (and emotional) perception
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